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Abstract

Objective: The purpose of this study was to evaluate the efficacy and safety of duloxetine fixed dose in the treatment of

children (7–11 years) and adolescents (12–17 years) with major depressive disorder (MDD).

Methods:Patients (n = 463) in this 36week study (10week acute and 26week extension treatment) received duloxetine 60mg

QD (n = 108), duloxetine 30mg QD (n = 116), fluoxetine 20mg QD (n = 117, active control), or placebo (n = 122). Measures

included: Children’s Depression Rating Scale-Revised (CDRS-R), treatment-emergent adverse events (TEAEs), and

Columbia-Suicide Severity Rating Scale (C-SSRS).

Results:Neither active drug (duloxetine or fluoxetine) separated significantly ( p < 0.05) from placebo on mean change from

baseline to end-point (10 weeks) on the CDRS-R total score. Total TEAEs and discontinuation for AEs were significantly

( p < 0.05) higher only for the duloxetine 60mg group versus the placebo group during acute treatment. No clinically

significant electrocardiogram (ECG) or laboratory abnormalities were observed, and no completed suicides or deaths oc-

curred during the study. A total of 7 (6.7%) duloxetine 60mg, 6 (5.2%) duloxetine 30mg, 9 (8.0%) fluoxetine, and 11 (9.4%)

placebo patients had worsening of suicidal ideation from baseline during acute treatment. Of the patients with suicidal

ideation at baseline, 13/16 (81%) duloxetine 60mg, 16/17 (94%) duloxetine 30mg, 11/16 (69%) fluoxetine, and 13/15 (87%)

placebo had improvement in suicidal ideation at end-point during acute treatment. One fluoxetine, one placebo, and six

duloxetine patients had treatment-emergent suicidal behavior during the 36 week study.

Conclusions: Trial results were inconclusive, as neither the investigational drug (duloxetine) nor the active control (fluoxetine)

separated fromplaceboon theCDRS-Rat 10weeks.Nonewduloxetine safety signalswere identified relative to those seen inadults.

Clinical Trial Registry Number (www.ClinicalTrials.gov): NCT00849693

Introduction

Although several acute treatment studies of antide-

pressants (tricyclics, selective serotonin reuptake inhibitors

[SSRIs], and serotonin and norepinephrine reuptake inhibitors

[SNRIs]) have been completed in the pediatric major depressive

disorder (MDD) patient population, only two antidepressants have

shown replicate efficacy in two or more trials, and have received

regulatory approval for the treatment of MDD in pediatric patients.

Fluoxetine has shown replicate efficacy in the treatment of children

and adolescents with MDD (Emslie et al. 1997, 2002) and escita-

lopram has shown replicate efficacy in adolescents (Wagner et al.

2006; Emslie et al. 2009).

Duloxetine, a dual SNRI, is approved for the treatment of MDD

in adults (Cymbalta Full Prescribing Information); however, it has

not been systematically evaluated for use in pediatric MDD patients

until now. One previous open label study (n= 72) assessed the safety,

tolerability, and pharmacokinetics of duloxetine over a wide range of

doses (20–120mg QD) in pediatric MDD patients (7–17 years), and

results from that study (Prakash et al. 2012) supported dosing aspects

of the design of two larger scale randomized controlled trials to

investigate the efficacy and safety of duloxetine in pediatric MDD

patients. Fluoxetine was included in both larger scale studies as an

active control in order to test the assay sensitivity of the studies. That

is, the purpose of including a fluoxetine treatment arm was to de-

termine if the studies could detect a difference between an active

control with known efficacy (fluoxetine) and placebo.

This study is one of the two (the second being Atkinson et al.

2014) phase 3, placebo-controlled studies (sponsored by Eli Lilly

and Company) to investigate the efficacy and safety of duloxetine
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in the treatment of children and adolescents withMDD. Themajority

of patients (*80%) in this study were enrolled in the United States.

This study incorporated a fixed dose scheme for both duloxetine and

fluoxetine during acute treatment, whereas the sister study used

flexible doses of both drugs. Both studies also incorporated double-

blind, flexible dosing, extended treatment periods to further char-

acterize the longer-term efficacy and safety profile of duloxetine.

Patients and Methods

Study design

The protocol for this study (F1J-MC-HMCL) was filed with the

United States Food and Drug Administration prior to study ini-

tiation, and included all of the methodology presented here, in

addition to a complete statistical analysis plan. This study was

approved by the ethics review boards for each study site and

conducted in accordance with good clinical practice guidelines. In

accordance with the principles of the Declaration of Helsinki, a

parent/legal representative of each study patient provided written

informed consent prior to administration of any study drug or

study procedures, and patients (children and adolescents) pro-

vided assent as appropriate to participate in the study. Patients

participated in the study at 60 psychiatric clinical sites in four

countries (United States, Canada, Mexico, and Argentina) from

March 2009 to September 2011.

The primary objective of the study was to assess the efficacy of

duloxetine 60mg once daily (QD) compared with placebo in the

acute treatment of children (7–11 years) and adolescents (12–17

years) who met criteria for MDD without psychotic features, single

or recurrent episode, as defined in the Diagnostic and Statistical

Manual of Mental Disorders, 4th ed., Text Revision (DSM-IV-TR)

(American Psychiatric Association 2000). This objective was

evaluated by assessing the mean change from baseline to end-point

(10 weeks) on the Children’s Depression Rating Scale-Revised

(CDRS-R) total score, between duloxetine 60mg and placebo.

This was a phase 3, randomized, double-blind, placebo- and

fluoxetine-controlled study. Patients meeting entry criteria were

randomly assigned 1:1:1:1 to duloxetine (60mg QD), duloxetine

(30mg QD), fluoxetine (20mg QD), or placebo, via interactive

voice response system (IVRS). The duloxetine doses used in this

study were based on results from a previous safety, tolerability, and

pharmacokinetics study of duloxetine (Prakash et al. 2012), which

suggested that adjustment of the duloxetine total daily dose based

on body weight or age is not warranted for pediatric patients, and

that different total daily doses may not be warranted for pediatric

patients relative to adults. The target dose of duloxetine for adults is

60mg daily (Cymbalta Full Prescribing Information). The dulox-

etine low-dose arm (30mg) was incorporated into this study in

order to further investigate results from a previous study (Prakash

et al. 2012), which suggested that 30mg QD may provide some

clinical benefit for pediatric patients. The dose range for fluoxetine

used in this study was based on its approved dose in the treatment of

pediatric MDD (20mg/day).

The study design incorporated a 2–4 week screening period, a 10

week double-blind (fixed dose) placebo-controlled acute treatment

period, a 26 week double-blind (flexible dose) long-term treatment

period in which all patients received either duloxetine (60–120mg

QD) or fluoxetine (20–40mg QD), and a 2 week double-blind dose

tapering period. Clinic visits were scheduled weekly during the

screening period, at weeks 1, 2, 4, 7, and 10 during the placebo-

controlled acute treatment period, and at weeks 12, 14, 16, 20, 24,

28, 32, and 36 during the double-blind long-term treatment period.

The study drug was provided as 30mg duloxetine capsules, 10 or

20mgfluoxetine capsules, ormatching placebo.All patients received

six capsules of the study drug to be taken once daily throughout the

study. Patients randomized to duloxetine 30mg initiated duloxetine

at the 30mg QD dose and maintained that dose through the 10 week

acute treatment period. Patients randomized to duloxetine 60mg or

fluoxetine 20mg initiated treatment with a low dose (duloxetine

30mg QD or fluoxetine 10mg QD) for 2 weeks and were then

automatically increased to duloxetine 60mg QD or fluoxetine 20mg

QD for the remaining 8 weeks of the acute treatment period.

After the 10 week time point, all patients were allowed to con-

tinue in the study for an additional 26 weeks of double-blind,

flexible dose, extension treatment with duloxetine or fluoxetine.

Patients initially randomized to duloxetine or fluoxetine were

continued on flexible dose duloxetine (60, 90, 120mg QD) or flu-

oxetine (20, 40mg QD). Patients initially randomized to placebo

were transitioned to duloxetine 30mg QD for 2 weeks with sub-

sequent automatic escalation to 60mg QD and flexible dosing (60,

90, 120mg QD) thereafter. Dose decreases were permitted during

the extension treatment period; however, the lowest dose allowed

was 60mg QD for duloxetine and 20mg QD for fluoxetine. Dose

adjustments for all patients were based on investigators’ assessment

of tolerability as well as inadequate clinical response (Clinical

Global Impressions-Severity [CGI-S] ‡ 3), and were implemented

in a blinded fashion via IVRS.

Selection of patients

Study participants were outpatient children (7–11 years) and ad-

olescents (12–17 years), who met DSM-IV-TR criteria for MDD

without psychotic features, had a CDRS-R (Poznanski et al. 1979,

1984) total score ‡ 40 and a CGI-S (Guy 1976) score ‡ 4 at the three

screening visits. An MDD diagnosis was supported by the Mini In-

ternational Neurospychiatric Interview for children and adolescents

(MINI-Kid) (Sheehan et al. 2010) and was conducted by two inde-

pendent evaluators, with at least one evaluator being a psychiatrist.

Patients were required to be medically stable based on the physical

examination, laboratory tests, and electrocardiogram (ECG) com-

pleted at the screening visits. Female patients were required to have a

negative serum pregnancy test at screening. Patients were excluded

from the study if they were pregnant or lactating, had a <20 kg

baseline weight, current Axis I disorder (other than MDD) requiring

pharmacotherapy, first-degree relative with bipolar I disorder, serious

or unstable medical illness, serious suicide risk, history of substance

abuse/dependence within the last year, or an unexplained positive

urine drug screen. In general, use of concomitant medications having

primarily central nervous system activity was not permitted during

the study. Use of antidepressants, antipsychotics, anticonvulsants,

anorexics, benzodiazepines, psychostimulants (excluding caffeine),

and herbal preparations was strictly prohibited during the study.

Episodic use of diphenhydramine and antiemetics was allowed.

Limited use of narcotic analgesics to relieve pain from surgical

procedures or acute injury was allowed, and patients could continue

on stable doses of hormones, antihypertensives, oral hypoglycemics,

and diuretics to treat stable medical conditions, provided dosing had

been stable 3 months prior to enrollment in the study.

Efficacy measures

The clinician-rated CDRS-R total score (sum of all 17 items)

(Poznanski et al. 1979, 1984) and CGI-S (Guy 1976) efficacy

measures were collected at every visit. The CDRS-R was admin-

istered only by site personnel who underwent training on the use of
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the instrument and met predetermined inter-rater reliability criteria,

which were evaluated during rater training sessions at the study

startup meetings.

Safety assessments

Spontaneously reported adverse events (AEs), pulse, blood pres-

sure, and weight were recorded at every visit. Pharmacokinetic

samples were collected at various time points and results will be

presented elsewhere. Chemistry and hematology blood samples were

collected at baseline and weeks 4, 10, 14, 20, 24, 36, or early termi-

nation with ECGs collected at baseline and weeks 10, 24, 36, or early

termination. Prespecified definitions of potentially clinically signifi-

cant (PCS) changes in vital signs and weight are shown in Table 2.

The Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner

et al. 2007, 2011) was used in this study to prospectively capture the

occurrence, severity, and frequency of suicide-related thoughts and

behaviors. Nonserious AEs obtained through the C-SSRS were

recorded and analyzed separately and were not recorded as AEs via

the case report form unless the nonserious AE was spontaneously

reported by the patient or the parent/legal guardian. Only serious

AEs (SAEs) elicited through the C-SSRS were recorded as AEs via

the study case report forms. All occurrences of suicidal ideation,

behaviors, or acts, or nonsuicidal self-injurious behavior during

treatment were tabulated. These outcomes were also analyzed as

treatment emergent (new occurrence or worsening of pre-existing

events) based on lead-in baseline (defined for acute and extension

treatment in Table 3), or improved from lead-in baseline.

Sample size

The study was powered to address the primary objective (contrast

between duloxetine 60mg and placebo on the CDRS-R total score

mean change from baseline to 10 weeks). The powering of the study

was based on an anticipated enrollment of 448 patients, randomized

in a 1:1:1:1 ratio to duloxetine 60mg, duloxetine 30mg, fluoxetine

20mg, and placebo. It was assumed that *10% of patients would

discontinue the trial prior to providing postbaseline data on the pri-

mary efficacy outcome, leaving *100 patients per treatment arm

with postbaseline data. This sample size was estimated to have 80%

power to detect an effect size of 0.40 (duloxetine 60mg efficacy

relative to placebo on the CDRS-R total score) using a two group t

test with a 0.05 two sided significance level. The effect size of 0.4

was determined based on historical data for the effect size of du-

loxetine 60mgQD in adult patients withMDD (Pritchett et al. 2007).

Statistical methods

All analyseswere completed on an intent-to-treat (ITT) basis unless

otherwise specified. An ITT analysis is an analysis of data by the

groups towhich patients are assigned by random allocation, even if the

patient did not take the assigned treatment, did not receive the correct

treatment, or otherwise did not follow the protocol. All analyses of

continuous measures included randomized patients with both a base-

line and at least one postbaseline value for the variable being analyzed.

Unless otherwise specified, for analyses of continuous measures,

baseline was defined as the last measurement taken at, or prior to,

the visit when the study period (acute or long-term treatment pe-

riod) began; end-point was defined as the last nonmissing mea-

surement for the study period of interest.

The protocol-specified primary analytic approach for assessing

mean changes for all efficacy measures was the recommended

(Lieberman et al. 2005; National Research Council 2010) restricted

maximum likelihood (REML)-based mixed effects model repeated

measures (MMRM) approach using all the longitudinal observa-

tions at each postbaseline visit. The MMRM model included the

fixed categorical effects of treatment, pooled investigative site,

visit, treatment-by-visit interaction, age category (children 7–11,

adolescents 12–17), and age category-by-visit interaction, as well

as the continuous, fixed covariates of the baseline value being an-

alyzed and the baseline value of the variable being analyzed-by-

visit interaction. The baseline value of the variable being analyzed

and baseline-by-visit interaction was included to account for the

differing influence over time of the baseline score on the post-

baseline scores. An unstructured covariance structure was used to

model the within-patient errors. A Kenward–Roger correction

(Kenward and Roger 1997) was used to estimate denominator de-

grees of freedom. Significance tests were based on least-squares

means (LS means) using a two sided a= 0.05.

Additional analyses of continuous efficacy and safety measures

were also performed using an analysis of variance (ANOVA) or an

analysis of covariance (ANCOVA)model.When anANOVAmodel

was used, the model contained the main effects of treatment and

pooled investigative site. An analysis of covariance (ANCOVA)

model, in general, refers to the ANOVA model with baseline values

and age category (children 7–11, adolescents 12–17) added as cov-

ariates. Type III sum-of-squares for the LS mean was used for the

statistical comparison of main effects using ANOVA or ANCOVA.

Statistical inference for ANOVA or ANCOVA interaction terms was

based on type II sum-of-squares for the LS mean. A last observation

carried forward (LOCF) method was used for these analyses.

Response was defined as a 50% improvement on the CDRS-R

total score after subtracting the 17 item base score (Emslie et al.

2002), and remission was defined as a CDRS-R total score £ 28.

Probabilities of response and remission were estimated using a

categorical MMRM approach in which a marginal model based on

a pseudolikelihood method was utilized and implemented in SAS

PROC GLIMMIX. The model included the fixed, categorical ef-

fects of treatment, pooled investigator, visit, and treatment-by-visit

interaction, age category (7–11 vs. 12–17 years), age category-by-

treatment interaction, as well as the continuous, fixed covariate of

baseline score and baseline-by-visit interaction. Categorical safety

measures were analyzed using Fisher’s exact test.

‘‘Mean change’’ refers to adjusted LSmean change fromMMRM,

ANOVA, or ANCOVA model. Statistical comparisons between pa-

tients initially randomized to duloxetine or fluoxetine over the 36

week combined acute/extension periods were conducted. Statistical

comparisons among treatment groups were not conducted for the

extension period analyses, because of selection bias. In other words,

only patients who completed the acute period of the study were

included in the extension period analyses; therefore, patient charac-

teristics at the beginning of the extension period were expected to be

different among treatment groups, because of lack of randomization.

Results

Patients

The flow of patients through the study is shown in Figure 1. The

overall patient cohort was comprised of 41.5% children (7–11 years)

and 58.5% adolescents (12–17 years) with approximately equal

proportions of males (48.8%) and females (51.2%). The median age

of randomized patients was 13.2 years. Among children (7–11

years), 55.2% were male and 44.8% were female. Among adoles-

cents (12–17 years), 44.3% were male and 55.7% were female.

Among female patients, 64.1% had reached menarche at study
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baseline. The study population was relatively diverse,*55% white

(Table 1). This was an international multicenter study with the large

majority of patients enrolled from the United States (78.6%), fol-

lowed by Mexico (16%), Canada (5.2%), and Argentina (0.2%).

Among randomized patients, the mean age of first episode of

MDD was 10.2 years, mean number of previous episodes was 1.6

(median 1.0), and 42% of patients were experiencing a first episode

of MDD. The mean CDRS-R total score at baseline was 58.8 (me-

dian 58.0) indicating moderately severe depression consistent with

the mean baseline CGI-S score of 4.6 (median 4.0). With the ex-

ception of the proportion of males to females in the duloxetine 30mg

treatment arm, there were no significant between-group differences

in baseline demographics or psychiatric profile (Table 1). More than

half of the study patients had a first-degree relative with diagnosed

depression (59.2%), and a total of three patients had first-degree

relatives with diagnosed bipolar disorder (all cases bipolar II).

Headache (22.5%), seasonal allergy (12.1%), and attention-defi-

cit/hyperactivity disorder (10.8%) were the most frequently reported

preexisting conditions and the only preexisting conditions reported

by ‡ 10% of the patient population. Preexisting conditions reported

by ‡ 2% and <10% of the patient population were asthma (8.2%),

dysmenorrhea (5.1% of female patients), insomnia (4.5%), opposi-

tional defiant disorder (4.1%), abdominal pain upper (4.1%), mi-

graine (3.9%), acne (2.8%), obesity (2.4%), generalized anxiety

disorder (2.2%), constipation (2.2%), and hypersensitivity (2.2%).

At baseline, headache was reported with statistically significantly

greater incidence in the placebo group compared with the fluoxetine

group, dysmenorrhea was reported with statistically significantly

greater incidence in the duloxetine 60mg female group and the

fluoxetine female group compared with the placebo female group,

and attention-deficit/hyperactivity disorder was reported with sta-

tistically significantly greater incidence in the fluoxetine group

compared with both the placebo group and the duloxetine 60mg

group. There were no other statistically significant differences in the

frequency of preexisting conditions at baseline between the active

drug groups (duloxetine or fluoxetine) and the placebo group.

Acute efficacy

Results from the primary efficacy measure of the study showed

that the active drugs (duloxetine and fluoxetine) both separated from

placebo at early time points (weeks 1 and 2); however, the difference

in the mean change (baseline to primary end-point week 10) between

the active drug arms and placebo was not statistically significant

(Fig. 2). Mean CDRS-R total scores at the 10 week time point

(MMRM) were: 35.0, 34.4, 36.4, and 37.4 for duloxetine 60mg,

duloxetine 30mg, fluoxetine 20mg, and placebo, respectively. Mean

CGI-S scores at the 10 week time point (MMRM) did not statisti-

cally differ among treatment groups (3.1 for all treatment groups).

In subgroup analyses of children (7–11 years) and adolescents

(12–17 years), there were no statistically significant differences in

the mean change from baseline to last observation on the CDRS-R

total score for duloxetine-treated children (mean change, - 23.0

[60 mg], - 19.0 [30mg]) compared with placebo-treated children

(mean change, - 18.5) or for duloxetine-treated adolescents (mean

change, - 22.2 [60mg], - 24.2 [30mg]) compared with placebo-

treated adolescents (mean change, - 19.8). There were no statis-

tically significant differences between fluoxetine and placebo on

the CDRS-R total score within either age group (mean change

fluoxetine: - 20.1 [children], - 21.5 [adolescents]).

FIG. 1. Patient flow.

DULOXETINE VS. PLACEBO IN PEDIATRIC MDD (FIXED DOSE) 173



With regard to treatment by gender, a statistically significantly

greater improvement from baseline to end-point (LOCF) in CDRS-

R total score was observed for duloxetine 60mg-treated females

(mean change, - 24.4) compared with placebo-treated females

(mean change, - 19.3) and for duloxetine 30mg treated fe-

males (mean change, - 25.6) compared with placebo-treated

females. No statistically significant differences were observed for

duloxetine-treated males compared with placebo-treated males or

for fluoxetine-treated males or females compared with the respec-

tive placebo-treated gender group.

A comparison by geographic region (North America [United

States and Canada] and Central/South America [Mexico and

Table 1. Baseline Characteristics

Duloxetine (60mg QD) Duloxetine (30mg QD) Fluoxetine (20mg QD) Placebo

Baseline characteristics n = 108 n= 116 n = 117 n = 122

Mean age, y(SD) 12.9(2.9) 12.9(2.9) 13.0(3.2) 13.1(2.9)

Age category, n(%)
7–11 years 44(40.7) 49(42.2) 50(42.7) 49(40.2)
12–17 years 64(59.3) 67(57.8) 67(57.3) 73(59.8)

Sex, n(%)
Female 60(55.6) 47(40.5)* 61(52.1) 69(56.6)
Male 48(44.4) 69(59.5)* 56(47.9) 53(43.4)

BMI
Mean(SD) 23.7(7.2) 22.5(5.2) 23.2(6.7) 24.0(6.8)
Median 21.6 21.8 21.0 22.3
Range (minimum-maximum) 13.7–50.9 14.2–37.7 13.4–45.0 14.3–48.6

Race, n(%)
White 54(52.9) 61(54.0) 67(58.8) 62(52.1)
Native American or Alaska Native 15(14.7) 23(20.4) 16(14.0) 19(16.0)
Black or African American 27(26.5) 21(18.6) 21(18.4) 24(20.2)
Asian 0(0.0) 1(0.9) 1(0.9) 1(0.8)
Native Hawaiian or other Pacific Islander 0(0.0) 1(0.9) 0(0.0) 0(0.0)
Multiracial 6(5.9) 6(5.3) 9(7.9) 13(10.9)
Not provided (n) 6 3 3 3

Ethnicity, n(%)
Hispanic or Latino 34(31.8) 38(33.6) 39(33.6) 46(38.0)
Non-Hispanic or Latino 73(68.2) 75(66.4) 77(66.4) 75(62.0)
Not answered (n) 1 3 1 1

CDRS-R total score
Mean(SD) 59.3(10.9) 59.8(11.0) 57.9(10.1) 58.2(9.4)

CGI-Severity score
Mean(SD) 4.6(0.7) 4.6(0.7) 4.6(0.6) 4.5(0.6)

*p< 0.05 for gender distribution in the duloxetine 30mg treatment arm vs. duloxetine 60mg and placebo (greater proportion of males in the duloxetine
30mg arm vs. duloxetine 60mg and placebo).

BMI, body mass index; CDRS-R, Children’s Depression Rating Scale-Revised; CGI, Clinical Global Impressions.

FIG. 2. Primary outcome:Mean change on theChildren’s DepressionRating Scale-Revised (CDRS-R) total score from baseline to 10weeks
(mixed effects model repeated measures [MMRM]). Mean changes at 10-weeks for duloxetine 60mg-, duloxetine 30mg-, fluoxetine-, and
placebo-treated patients were -23.9, -24.6, -22.6, and - 21.6, respectively. Mean changes to last observation carried forward (LOCF) end-
point for duloxetine 60mg-, duloxetine 30mg-, fluoxetine-, and placebo-treated patients were -22.4, - 22.0, -21.1, and -19.4, respectively.
*p< .05 for all active drugs vs. placebo.
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Argentina]) was conducted to assess the consistency of the results

between regions. Consistent with the primary study results, the

treatment-by-region interaction was not statistically significant

( p = 0.8), suggesting consistency in the treatment response (to both

drug and placebo) across both regions.

Probabilities (MMRM) of treatment response (50% improvement

inCDRS-Rtotal score frombaseline)atweek10 forpatients receiving

duloxetine60mg(69%),duloxetine30mg(69%),orfluoxetine20mg

(61%)didnotdiffersignificantly fromthat forplacebo-treatedpatients

(60%). There were no significant between-group differences in the

probabilities of remission (CDRS-R total score £ 28) at week 10 for

duloxetine 60mg (40%) or fluoxetine (32%) compared with placebo

(30%). The probability of remission for duloxetine 30mg (46%) was

statistically higher ( p< 0.05) than that for placebo.

Remission rates at the last two nonmissing acute treatment visits

was significantly ( p< 0.05) greater for duloxetine 60mg (26%)

than for placebo (14%).

Longer-term dosing

During extension treatment, the last prescribed dose of dulox-

etine was 60mg, 90mg, and 120mg for 30.8%, 20.9%, and 46.2%

of patients, respectively. The last prescribed dose of fluoxetine was

20mg and 40mg for 29.8% and 70.2% of patients, respectively.

Longer-term effectiveness

Mean CDRS-R total scores at the 36 week time point (MMRM)

were: 24.3, 25.1, 25.0, and 25.8 for patients initially randomized to

duloxetine 60mg, duloxetine 30mg, and fluoxetine, and patients

transitioned from placebo to duloxetine, respectively. Mean CGI-S

scores at the 36 week time point (MMRM) were: 1.8, 2.0, 1.8, and

1.9 for patients initially randomized to duloxetine 60mg, dulox-

etine 30mg, and fluoxetine, and patients transitioned from placebo

to duloxetine, respectively.

For patients initially randomized to duloxetine 60mg, the

probability (MMRM) of remission at 36 weeks was 81%, and for

patients initially randomized to fluoxetine it was 74%, with no

statistically significant differences between groups at any time in

the probability of remission during the 36 week study.

Safety: Patient disposition

Rates and reasons for early discontinuation during the study are

shown in Figure 1. Discontinuation for AEs was significantly higher

( p< 0.05) for the duloxetine 60mg group than for the placebo group

during acute treatment, with no other statistically significant differ-

ences between treatment groups during acute treatment.

Safety: Deaths and SAEs

No deaths occurred during the study; however, 22 patients (14

duloxetine, 6 fluoxetine, 2 placebo) experienced 28 SAEs. Of these

28 SAEs, 9 were suicide-related and are discussed with C-SSRS

results. All SAEs resulted in hospitalization of the patient.

Nonsuicide-related SAEs reported for duloxetine-treated pa-

tients were: Intentional overdose (two patients during acute treat-

ment and in both cases, the investigator did not classify the

overdose as a suicide attempt, as the overdose was taken without

intent to die), nonsuicidal self-injurious behavior (cutting) and

hallucination (two events in one patient during acute treatment),

depression (two patients, one during acute treatment and one during

extension), Stevens–Johnson syndrome (one patient, extension),

and irritable bowel syndrome (one patient, extension). SAEs re-

ported for duloxetine-treated patients after transitioning from pla-

cebo were: Intentional overdose (one patient, extension; not

considered a suicide attempt or self-injurious behavior as the pa-

tient took an overdose of diphenhydramine without intent to die or

harm self), benign rolandic epilepsy (one patient, extension), and

road traffic accident (one patient, extension, and patient was a

passenger in the vehicle). Nonsuicide-related SAEs reported for

fluoxetine-treated patients were: Abnormal (destructive) behavior

and aggression (two events in one patient during acute treat-

ment), aggression (one patient, acute), somnolence (one patient,

acute), and tuberculosis of peripheral lymph nodes (one patient,

acute). Nonsuicide-related SAEs reported for placebo-treated pa-

tients were: Homicidal ideation (one patient, acute), and non-

suicidal self-injurious behavior (cutting) (one patient, acute).

Safety: AEs

During acute treatment, the proportion of patients who experi-

enced at least one treatment-emergent adverse event (TEAE) was

73.1% (duloxetine 60mg), 57.8% (duloxetine 30mg), 61.5% (flu-

oxetine), and 58.2% (placebo) with significantly more duloxetine

60mg treated patients experiencing at least one TEAE compared

with placebo ( p= 0.02) and duloxetine 30mg ( p = 0.02). During

extension treatment, the proportion of patients who experienced at

least one TEAE did was greater for patients initially randomized to

duloxetine 60mg (68.5%) and patients transitioned from placebo to

duloxetine (67.1%) than for patients initially randomized to du-

loxetine 30mg (56.8%) and fluoxetine (53.6%). The most fre-

quently reported TEAEs ( ‡ 10%) during the study were: Nausea,

vomiting, upper abdominal pain, headache, and somnolence for

duloxetine, and only headache for fluoxetine.

A total of 49 patients discontinued because of an AE during the 36

week study (Fig. 1), and AEs leading to discontinuation in more than

patient during the study were: Suicide attempt (two duloxetine, both

SAEs), intentional overdose (two duloxetine, one fluoxetine, all

SAEs), suicidal ideation (three duloxetine, one of whichwas an SAE,

one fluoxetine, one placebo), self-injurious behavior (one duloxetine,

one placebo, both SAEs), depression (four duloxetine, two of which

were SAEs), hallucination (one duloxetine, one fluoxetine), irrita-

bility (five duloxetine, one fluoxetine), aggression (one duloxetine,

two fluoxetine, both of which were SAEs), fatigue (two duloxetine),

somnolence (two duloxetine), nausea (six duloxetine), and upper

abdominal pain (one duloxetine, one placebo).

Safety: Vital signs, weight, and laboratory

and ECG data

Table 2 shows mean changes in vital signs and weight from

baseline to 10 weeks (MMRM) as well as the incidence of PCS

changes in weight, pulse, and blood pressure at any time and at end-

point during acute treatment. In general, the incidence of PCS

changes in weight, pulse, and blood pressure were lower at end-

point during acute treatment as compared with at any time during

acute treatment (Table 2). With regard to longer-term results, there

were no statistically significant differences in mean changes for

weight or blood pressure between patients initially randomized to

duloxetine 60mg and those randomized to fluoxetine at 36 weeks,

and similar mean increases in weight were observed at 36 weeks

(MMRM) for patients initially randomized to duloxetine 60mg

(2.9 kg) and those initially randomized to fluoxetine (3.3 kg). Mean

change pulse at 36 weeks was statistically greater (4.5 bpm) for

patients initially randomized to duloxetine 60mg than for those

initially randomized to fluoxetine (-0.6 bpm, p< 0.05).
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There were no statistically significant differences between pa-

tients initially randomized to duloxetine 60mg and those random-

ized to fluoxetine in the incidence of PCS changes in weight, pulse,

or blood pressure at any time or at end-point (last observation) during

the 36 week study. Among patients initially randomized to dulox-

etine 60mg, no patients had sustained (three consecutive visits) el-

evation in systolic or diastolic blood pressure during the 36 week

study. Among patients initially randomized to fluoxetine, a total of

five patients experienced sustained elevation in blood pressure (three

patients, systolic blood pressure and two patients, diastolic blood

pressure) during the 36 week study.

No patients in any treatment group met PCS criteria for prolonged

QTc Fridericia correction (> 500 msec) at any time during the study.

No patient had an SAE related to laboratory results or was dis-

continuedbecauseofabnormallaboratoryvalues,andnopatientshada

treatment-emergent alanine aminotransferase (ALT) equal to ormore

than three times the upper limit of normal at any timeduring the study.

Safety: Suicidal ideation and behavior

Table 3 shows outcomes for suicidal ideation and behavior as

classified using the C-SSRS. There were no statistically significant

differences between any treatment groups for any outcome on the

C-SSRS during acute treatment. As assessed by the C-SSRS, sui-

cidal ideation occurred in 9–15% of patients overall during acute

treatment (that is, either preexisting or treatment emergent); how-

ever compared with study baseline (lead-in), the suicidal ideation

was treatment emergent (that is, new occurrence or any increase in

severity from baseline) in fewer patients (5–9%) during acute

treatment. During the extension treatment period, suicidal ideation

occurred in 8–15% of patients overall; and compared with the end

of acute treatment (lead-in), the suicidal ideation was treatment

emergent in 7–10% of patients.

Suicidal ideation was reported as an SAE in three patients (one

duloxetine [adolescent male] and two fluoxetine [one child and one

adolescent, both males]) during acute treatment. Also during the

acute treatment period, two patients reported suicidal behavior

(nonfatal suicide attempt) on the C-SSRS. Both nonfatal suicide

attempts were reported as SAEs (intentional overdose [fluoxetine;

adolescent, male] and suicide attempt by wrapping object around

neck [placebo; child, male]).

During the extension treatment period, six patients (all dulox-

etine) engaged in suicidal behavior (three nonfatal, two interrupted,

and one aborted suicide attempt). Of these six incidents of suicidal

behavior, four were reported as SAEs (three nonfatal attempts [one

stabbing puncture wound in an adolescent male, one tying object

Table 2. Vital Signs and Weight During Acute Treatment

Duloxetine

(60mg QD)

Duloxetine

(30mg QD)

Fluoxetine

(20mg QD) Placebo

Acute period vital signs and weight n= 105 n= 114 n= 112 n= 117

Vital signs and weight mean change (MMRM)a

Weight, kg (mean[SE]) - 0.5 (0.2)*xb 0.2 (0.2) 0.5 (0.2) 0.7 (0.2)
Sitting pulse, bpm (mean[SE]) - 0.3 (1.0) - 1.3 (1.0) - 1.7 (1.0) - 0.5 (1.0)
Sitting systolic blood pressure, mm Hg (mean[SE]) 1.2 (0.9) 0.1 (0.9) 0.3 (0.9) - 0.5 (0.9)
Sitting diastolic blood pressure, mm Hg (mean[SE]) 2.8 (0.8)b 0.6 (0.8) 1.7 (0.8) 0.7 (0.8)

PCS vital signs and weight at any time
PCS decrease in weight (n/N, %)b 14/105 (13.3)* 10/114 (8.8) 13/112 (11.6) 6/117 (5.1)
PCS increase in pulse (n/N, %)c 0/105 (0.0) 0/114 (0.0) 0/112 (0.0) 0/117 (0.0)
PCS decrease in pulse (n/N, %)b 0/100 (0.0) 0/108 (0.0) 0/108 (0.0) 0/112 (0.0)
PCS systolic blood pressure (n/N, %)c 8/88 (9.1) 12/95 (12.6) 12/93 (12.9) 10/98 (10.2)
PCS diastolic blood pressure (n/N, %)c 11/93 (11.8) 7/100 (7.0) 10/99 (10.1) 5/110 (4.5)

PCS vital signs and weight at end-point
PCS decrease in weight (n/N, %)b 8/105 (7.6) 4/114 (3.5) 8/112 (7.1) 3/117 (2.6)
PCS increase in pulse (n/N, %)c 0/105 (0.0) 0/114 (0.0) 0/112 (0.0) 0/117 (0.0)
PCS decrease in pulse (n/N, %)b 0/100 (0.0) 0/108 (0.0) 0/108 (0.0) 0/112 (0.0)
PCS systolic blood pressure (n/N, %)c 4/88 (4.5) 4/95 (4.2) 2/93 (2.2) 1/98 (1.0)
PCS diastolic blood pressure (n/N, %)c 4/93 (4.3) 2/100 (2.0) 2/99 (2.0) 2/110 (1.8)

Sustained elevation in blood pressure
Sustained elevation in systolic blood pressure (n/N, %)c 0/88 (0.0) 0/95 (0.0) 1/93 (1.1) 1/98 (1.0)
Sustained elevation in diastolic blood pressure (n/N, %)c 0/93 (0.0) 1/100 (1.0) 1/99 (1.0) 0/110 (0.0)

aBaseline was defined as last observation during the screening period, and end-point was the 10 week end-point of the acute treatment period.
bN = number of patients with high or normal values at baseline and with at least one nonmissing postbaseline measure; n = number of patients with a

potentially clinically significant (PCS) postbaseline measurement.
cN= number of patients with low or normal values at baseline and with at least one nonmissing postbaseline measure; n = number of patients with a

PCS postbaseline measurement.
*p< 0.05 vs. placebo; bp< 0.05 vs. duloxetine 30 mg; xp < 0.05 vs. fluoxetine
PCS increase in blood pressure= increase ‡ 5mm Hg from baseline high to a value above the 95th percentile based on age, height, and sex (National

High Blood Pressure Education Program Working Group 2004).
PCS decrease in pulse= decrease ‡ 25 bpm from baseline low to a value of < 60 bpm for children or decrease ‡ 15 bpm from baseline low to a value

< 50 bpm for adolescents.
PCS increase in pulse= increase ‡ 15 bpm from baseline high to a value > 140 bpm for children or increase ‡ 15 bpm from baseline high to a value

> 120 bpm for adolescents.
PCS decrease in weight= decrease ‡ 3.5% from baseline low.
Sustained elevation in blood pressure= PCS blood pressure at three consecutive post-baseline visits.
MMRM, mixed effects model repeated measures.
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around neck in a male child, one overdose on antiinflammatory

medications in an adolescent female], and one interrupted attempt to

jump from a second story window in a male child). For the other two

patients, the suicidal behavior was only reported on the C-SSRS (one

male child made an interrupted suicide attempt and was discontinued

from the study because of suicidal ideation, and another male child

made an aborted attempt and was discontinued because of parent

decision to seek alternative treatment for behavior problems).

Discussion

Efficacy results from this study indicated that duloxetine fixed

doses (60mg or 30mg QD) were not statistically significantly

different from placebo in the treatment of children and adolescents

with MDD. In addition, the active control (fluoxetine), with known

efficacy in children and adolescents with MDD, was not statisti-

cally significantly different from placebo on the primary outcome

measure. Because neither the investigational drug (duloxetine), nor

the active control (fluoxetine) separated from placebo on the pri-

mary outcome measure, the study is considered to be inconclusive.

Results during extended treatment suggested that improvement

in MDD symptoms continued for all of the treatment groups based

on the mean improvement on the CDRS-R total score and CGI-S

score, with no statistically significant differences in probability of

remission at any time during the 36 week study between patients

initially randomized to duloxetine 60mg and those initially ran-

domized to fluoxetine. Consistent with the preliminary safety study

in pediatric MDD (Prakash et al. 2012), the majority of duloxetine-

treated patients in this study required dose escalation to higher

doses during the extension period in order to optimize efficacy.

The profile and nature of TEAEs reported for duloxetine-treated

children and adolescents with MDD in this study was generally

similar to that reported in the preliminary open-label study in pe-

diatric MDD patients (Prakash et al. 2012), and was also consistent

with the TEAE profile seen in duloxetine-treated adult patients

(Cymbalta Full Prescribing Information). In addition, no new safety

signals were identified based on laboratory, ECG, or blood pressure

results from this study.

Treatment-emergent suicidal ideation and behavior are areas of

concern in pediatric MDD patients, and suicidal ideation and be-

havior were closely monitored and solicited at every visit using the

C-SSRS in this study. All events related to suicidal thoughts, be-

haviors, or nonsuicidal self-injurious behavior that were collected

by spontaneous report on the AE case report forms during the 36-

Table 3. C-SSRS Suicidal Ideation and Behavior During Acute and Extension Treatment

Acute treatment CSSRS outcome,

n/N (%)

Duloxetine

(60mg QD)

Duloxetine

(30mg QD)

Fluoxetine

(20mg QD) Placebo

Any occurrence during treatment
Suicidal ideation 17/105 (16.2) 11/115 (9.6) 13/112 (11.6) 15/117 (12.8)
Suicidal behaviors 0/105 (0.0) 0/115 (0.0) 1/112 (0.9) 1/117 (0.9)
Suicidal acts 0/105 (0.0) 0/115 (0.0) 1/112 (0.9) 1/117 (0.9)
Nonsuicidal self-injurious behavior 3/105 (2.9) 6/115 (5.2) 2/112 (1.8) 5/116 (4.3)

Treatment-emergent from lead-in baselinea

Suicidal ideationb 7/105 (6.7) 6/115 (5.2) 9/112 (8.0) 11/117 (9.4)
Improvement in suicidal ideationc 13/16 (81.3) 16/17 (94.1) 11/16 (68.8) 13/15 (86.7)
Suicidal behaviors 0/105 (0.0) 0/115 (0.0) 1/112 (0.9) 1/117 (0.9)
Non-suicidal self-injurious behaviord 3/104 (2.9) 3/112 (2.7) 2/112 (1.8) 5/115 (4.3)

Extension treatment CSSRS outcome,
n/N (%)

Duloxetine

(60-120mg QD)

transitioned
from 60mg

Duloxetine

(60-120mg QD)

transitioned
from 30mg

Fluoxetine

(20-40mg QD)

transitioned
from 20mg

Duloxetine

(60-120mg QD)

transitioned
from placebo

Any occurrence during treatment
Suicidal ideation 6/71 (8.5) 12/78 (15.4) 8/80 (10.0) 8/79 (10.1)
Suicidal behaviors 2/71 (2.8) 3/78 (3.8) 0/80 (0.0) 1/79 (1.3)
Suicidal acts 1/71 (1.4) 1/78 (1.3) 0/80 (0.0) 1/79 (1.3)
Non-suicidal self-injurious behavior 4/71 (5.6) 3/78 (3.8) 1/80 (1.3) 1/79 (1.3)

Treatment-emergent from lead-in baselinee

Suicidal ideationb 5/71 (7.0) 8/78 (10.3) 7/80 (8.8) 6/79 (7.6)
Improvement in suicidal ideationc 2/3 (66.7) 4/6 (66.7) 4/5 (80.0) 2/4 (50.0)
Suicidal behaviors 2/71 (2.8) 3/78 (3.8) 0/80 (0.0) 1/79 (1.3)
Non-suicidal self-injurious behaviord 3/70 (4.3) 2/75 (2.7) 1/80 (1.3) 1/77 (1.3)

Patients are counted once in each category.
N= patients with baseline and ‡ 1 postbaseline observation; n= patients with event.
aLead-in baseline for acute treatment includes 2 screening visits (study baseline).
bN= number of enrolled patients with ‡ 1 postbaseline suicidal ideation score and whose maximum Columbia-Suicide Severity Rating Scale (C-SSRS)

suicidal ideation score during the lead-in baseline period is not missing and less than the maximum severity category.
cN = number of enrolled patients whose suicidal ideation score is not missing and > 0 during lead-in baseline.
dN= number of enrolled patients without nonsuicidal self-injurious behavior at lead-in baseline visits and with a nonmissing postbaseline observation.
eLead-in baseline for extension treatment includes the last 2 visits of acute treatment.
Suicidal ideation: wish to be dead, nonspecific active suicidal thoughts, active suicidal ideation with any methods (not plan) without intent to act, active

suicidal ideation with some intent to act, without specific plan, and active suicidal ideation with specific plan and intent.
Suicidal behavior: preparatory acts or behavior, aborted attempt, interrupted attempt, nonfatal suicide attempt, and completed suicide.
Suicidal acts: nonfatal suicide attempt, and completed suicide.
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week study were confirmed to be collected on the C-SSRS; how-

ever, not all events solicited on the C-SSRS were recorded on the

AE case report forms. Therefore, with regard to suicidal ideation,

behavior, and nonsuicidal self-injurious behavior, the results of the

C-SSRS provide the most complete information from the study.

There were no completed suicides or deaths during the 36 week

study. During acute treatment, the incidence of treatment-emergent

suicidal ideation was similar in all three drug treatment arms (5–

8%) as compared with placebo (9%). These rates for suicidal ide-

ation are more consistent with the findings for antidepressant

treatment arms (0–8%) versus placebo treatment arms (0–5%) in

pediatric studies reported by Hammad and colleagues (2006). This

study was also one of the few studies to provide longer-term safety

results with regard to suicidal ideation and behavior in the pediatric

MDD population. Perhaps as expected because of the longer time

frame, the frequency of suicidal behaviors (nonfatal, interrupted,

and aborted attempts) was greater in the 26 week extension period

than in the 10 week acute treatment period. All suicidal behaviors

reported during the extension period occurred in duloxetine-treated

patients; however, it should also be noted that the majority (74%) of

patients contributing data in the extension period were taking du-

loxetine because of this study design (all placebo-treated patients

were transitioned to duloxetine for extended treatment). The fre-

quency of treatment-emergent suicidal ideation, however, was

similar to the frequency reported during the acute treatment period.

Although this study was carefully designed, incorporating both a

placebo- and an active-control to assess the acute treatment efficacy

of duloxetine, the failure of this study to show assay sensitivity (a

statistically significant separation of the active control from pla-

cebo on the primary outcome) deserves some discussion. First, it

should be noted that studies of investigational antidepressants

failing to separate from placebo (negative studies) are more com-

mon than not in the pediatric population (Bridge et al. 2009). This

set of two studies, however, were the first randomized controlled

trials to demonstrate that the studies failed to detect a statistical

difference between placebo and an active control (fluoxetine) with

known efficacy in the pediatric MDD population, rendering results

with regard to the investigational drug (duloxetine) inconclusive as

opposed to negative. The lack of separation of the active control

from placebo appears to be the result of a high placebo response.

Mean CDRS-R improvement (MMRM) during acute treatment for

the duloxetine and fluoxetine treatment arms (22–25 point im-

provement for both drugs) was similar to that for fluoxetine (22

points) in published studies of fluoxetine in the treatment of chil-

dren and adolescents with MDD (Emslie et al. 1997, 2002; March

et al. 2004). In contrast, mean CDRS-R improvement (MMRM)

during acute treatment for the placebo arm in this study (*22 point

improvement) was greater than mean improvements of 10–15-

points for the placebo arms in published studies of fluoxetine in the

treatment of children and adolescents with MDD (Emslie et al.

1997, 2002), in which statistically significant separation of fluox-

etine from placebo was observed as well as the19 point placebo

improvement in the Treatment for Adolescents With Depression

Study (TADS) (March et al. 2004). This observed trend of in-

creasing placebo response over time from 10 points (in 1997) to 22

points (in 2012) on the CDRS-R total score could be the result of

several factors including increased sample size for studies, which in

turn required an increased number of participating clinical sites and

countries. In addition, whereas the treatment response was con-

sistent across geographic regions (North America vs. Central/South

America), the low enrollment by site and the subsequent large

number of sites needed to fully enroll the study were likely key

factors affecting variability and mediating the placebo response

observed in this study. Such factors related to study size have been

proposed as the better predictors of placebo response in studies of

pediatric MDD patients (Bridge et al. 2009). In a recently published

review, Rutherford and Roose (2013) summarized research find-

ings in the area of placebo response and presented key study design

features that influence placebo response based on the strength of

supporting evidence from the body of published research. The four

design features with the strongest evidence of influence on placebo

response were: Number of sites, quality of rater blinding, number of

treatment arms, and probability of receiving placebo. It is of note that

the current study included four treatment arms with a 25% chance of

receiving placebo, and as discussed in Rutherford and Roose (2013),

designs with a single active treatment arm and a higher chance of

receiving placebo (50%) are preferable, to reduce patient expectation

and placebo response. However, given the positive results from the

TADS, which included four treatment arms and showed a typical

drug response rate, a low placebo response rate, and a strong drug–

placebo difference (March et al. 2004), it is unclear if the number of

treatment arms and chance of receiving placebo influence placebo

response in pediatric studies to the same degree as in adult studies.

To the extent possible, the study design incorporated other features

such as minimal assessments at each visit, to reduce the time spent

with study patients, and a slightly lower frequency of study visits

(scheduled at weeks 1, 2, 4, 7, and 10, vs. every week or every other

week) during the placebo-controlled acute treatment period, in order

to address the possibility of increased placebo response; however, a

substantial placebo response was still observed.

Limitations

Several limitations must be taken into account when interpreting

the results of this study. Patients with significant suicidal risk, co-

morbid psychiatric conditions requiring medication to manage, or

other significant or unstable medical conditions, were excluded from

this study. Therefore, the safety results from these studies have

limited generalizability to a broader pediatric MDD population with

greater suicide risk as well as greater psychiatric or medical burden.

Also, because of the need to blind multiple doses of two different

drugs, all patients were required to take six capsules of study drug per

day. Although the capsule size was small (size 3, *4· 14mm),

swallowing capsules may be difficult for pediatric patients, espe-

cially in the younger age range. Therefore, only a subset of pediatric

patients who could swallow capsules were enrolled in this study.

Finally, although the inclusion of active and placebo-controlled arms

helped in the interpretation of the study results, increasing the

number of treatment arms, and, therefore, the likelihood of receiving

active drug versus placebo, may have also contributed to the placebo

response observed in these studies.

Conclusions and Clinical Significance

Efficacy was not demonstrated in this study, as the results were

inconclusive because neither the investigational drug (duloxetine)

nor the active control (fluoxetine) demonstrated a statistically sig-

nificant separation from placebo on the primary efficacy analysis of

mean change from baseline to week 10 on the CDRS-R total score.

Overall safety findings from this study were consistent with the

known safety and tolerability profile for duloxetine.
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