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ABSTRACT 

Title of Dissertation: Early Symptom Improvement as a Predictor of Antidepressant 

Response in Children and Adolescents Diagnosed with Depression: Translating Evidence 

from Randomized Controlled Trials to Community Practice 

O’Mareen Spence, Doctor of Philosophy, 2020 

Dissertation Directed by: Susan dosReis, PhD, Pharmaceutical Health Services Research 

Department 

Statement of the Problem: Children and adolescents diagnosed with depression who 

receive care in community settings augment their antidepressant with another 

psychotropic medication soon after starting treatment. This raises the question of whether 

this therapeutic decision is being made for those who would likely respond to the initial 

antidepressant. The objectives were to 1) develop a predictive model of antidepressant 

treatment response using randomized controlled trial (RCT) data, and 2) empirically 

evaluate the association between predicted response and psychotropic augmentation or 

switching in real world settings. 

Summary of Methods: A Bayesian logistic regression analysis in pooled data from four 

RCTs was predicted the likelihood of initial (12 week) and sustained (18 week) treatment 

response as a function of changes in mood, somatic, subjective and behavioral symptoms 

of depression, and demographic and clinical factors. In a cohort of adolescents receiving 

care in community settings, who were selected based on the inclusion and exclusion 

criteria of the Treatment for Adolescents with Depression Study, combined sample 

multiple imputation (CSMI) was used to estimate the predictive model for 12-week 



 
 

response to fluoxetine. The likelihood of a switch or augmentation with another 

psychotropic was then compared among those with a high vs. low 12-week probability of 

response.  

Results: Depression severity at baseline (OR:0.66;95% credible interval [CI]:0.48 -0.90) 

and changes in mood (OR:0.89;95% CI 0.84-0.94) and somatic (OR:0.88;95% CI:0.84-

0.93) symptoms predicted 12-week response. Baseline to week 6 (OR:0.92;95% CI;0.85-

0.98) change in mood, and baseline to week 6 (OR:0.89; 95% CI:0.83-0.95) and weeks 6 

to 12 (OR: 0.91;0.84-0.98) change in somatic symptoms predicted sustained response at 

18 weeks. Among adolescent in community settings,  there was no significant difference 

in the odds of augmentation or switch among those with a high 12-week predicted 

probability of response relative to those with a low 12-week predicted probability of 

response (p≥0.60:OR=0.96 [95% CI=0.12-7.69]). 

Conclusion: As one of the first applications of CSMI in pharmacoepidemiologic research 

to translate RCT evidence to real world therapeutic decisions, we learned that factors 

beyond predicted response influence clinical practice. Alternate data sources and analytic 

approaches to preserve sample size and generalizability are needed in future research. 
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1  

1 OVERVIEW 

A common problem among children and adolescents diagnosed with depression 

who receive care in community settings is that antidepressant regimen changes such as 

psychotropic augmentation may occur soon after starting treatment. This raises the 

question as to whether such changes are implemented among youth who would otherwise 

respond to the antidepressant.  Thus, the overarching objectives of this dissertation were 

to 1) develop a predictive model of antidepressant treatment response using data 

randomized controlled trials (RCT), and 2) empirically evaluate the association between 

predicted response and psychotropic augmentation or switching in real world settings. 

Patient-level data from one National Institute for Mental Health (NIMH) sponsored and 

three industry sponsored antidepressant RCTs (Treatment for Adolescents with 

Depression Study [TADS], F1J-MC-HMCL, F1J-MC-HMCK, and B1Y-MC-HCJE) 

involving fluoxetine, duloxetine, cognitive behavioral therapy (CBT) and a combination 

of CBT plus fluoxetine was used to investigate early changes in depressive symptom (i.e. 

mood, somatic, subjective and behavior) that predict initial (i.e. 12 weeks) and sustained 

response (i.e. 18 weeks) to treatment. The goal was to develop predictive models using 

patient-level data from antidepressant RCTs to determine the combination of symptoms, 

the magnitude of early symptom change, or the timing of symptom changes that predict 

response. Combined sample multiple imputation (CSMI) was applied to estimate the 

response prediction model in real world data in order to empirically evaluate whether 

psychotropic augmentation or switching occurs in adolescents who would otherwise 

respond to treatment. The knowledge generated from this research can help to improve 

our understanding of how evidence generated from antidepressant RCTs in children and 
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adolescents can be translated to population level data to better understand clinical 

decision making in real world settings. 

Significance of the Problem 

Depression is a common and serious, recurring mental disorder in children and 

adolescents, with an estimated prevalence of 2%-12% in children and adolescents, ages 

3-17 years. 1-3 In children and adolescents, depression is associated with significant 

morbidity, functional impairment in school and social settings, deliberate self-harm, and 

an increased likelihood of depression and other psychiatric conditions in adulthood.4,5 If 

left untreated, or treated inadequately, childhood depression poses a serious life-

threatening risk and a significant health burden throughout the life course. 

Selective serotonin reuptake inhibitors (SSRIs) are recommended first-line 

pharmacotherapy for depression in children and adolescents.6,7  However, only two 

SSRIs –fluoxetine8 and escitalopram9 –have a Food and Drug Administration (FDA) 

approved indication for Major Depressive Disorder (MDD) in children and adolescents. 

Other SSRIs and serotonin–norepinephrine reuptake inhibitors (SNRIs) approved for 

MDD treatment in adults such as paroxetine, duloxetine, and sertraline, often are 

prescribed ‘off-label’ in children and adolescents with depression.10  Fluoxetine is widely 

considered to have the best evidence for efficacy in the treatment of MDD in children and 

adolescents,11,12 and is the most commonly prescribed antidepressant in outpatient care.7 

Evidence from RCTs show that only 47%-71% of children and adolescents respond to 

acute treatment with an antidepressant.11,13-17 This means that some children and 

adolescents with depression in community outpatient settings may be vulnerable to 

worsening symptoms, raising concerns about safety issues, such as suicidal behaviors and 
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ideation.5,6  Adding psychotherapy or switching antidepressants is recommended for the 

more than 40% of children and adolescents who fail to respond to initial antidepressant 

treatment after a trial of an adequate dose and duration.18,19 Evidence in adults and expert 

opinions in children and adolescents also suggest adding other psychotropic 

medications.18 

A problem in community settings is that regimen changes such as psychotropic 

augmentation, switching or discontinuation may occur soon after starting antidepressant 

treatment and before achieving an adequate antidepressant dose or duration. This raises 

concerns as to whether such changes are implemented among adolescents who would 

otherwise respond to the antidepressant. It is unclear whether early regimen changes 

occur solely among children and adolescents who show early signs of non-response or 

those who are unable to tolerate the initial antidepressant, or whether this is also occurs 

among those who are likely to respond to the initial antidepressant with continued 

treatment. If the former, then this would suggest therapeutic decisions are following 

recommended clinical guidelines. If the latter, this would suggest a need for practice 

improvement to minimize early regimen changes and to optimize the antidepressant to 

improve response.  

Currently there is a lack of empirical evidence linking the likelihood of 

antidepressant response and early regimen changes among children and adolescents 

diagnosed with depression. Therefore, there is a critical research and clinical practice 

need to identify, as early as possible, children and adolescents who are likely to respond 

to an antidepressant because a) a clinician’s concern regarding an increased risk of 

suicidal ideation and behaviors may contribute to antidepressant ‘early regimen changes’ 
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before sufficient treatment exposure to observe a response, b) children and adolescents 

not likely to respond may continue to receive antidepressant treatment, placing the child 

or adolescent at risk of worsening depression and self-harm and c) depression in children 

is difficult to treat due to the episodic nature of the condition and lack of immediate 

response with available treatments (pharmacotherapy or psychotherapy) which could lead 

to ‘early regimen changes’.  Early response prediction, distinguishing soon after initiation 

those likely to respond to an antidepressant, can influence early treatment decisions to 

improve health outcomes such as antidepressant optimization (i.e. increasing dose), use 

of other treatments (i.e. intensive psychotherapy), and re-evaluation of the diagnosis, 

comorbidities or psychosocial issues that impact depression. Additionally, translating 

early response prediction to real world settings can help to determine whether current 

treatment practices and regimen changes align with the likelihood of responding to 

treatment among children and adolescents. This information can be used to inform 

clinical decision making and further enhance our understanding of the real-world 

treatment of children and adolescents diagnosed with depression. 

Scientific Premise and Central Hypothesis 

Motivating this research, is the fact that a clinicians’ therapeutic decisions are 

often influenced by symptom monitoring over the course of care. The scientific premise 

is based on evidence from RCTs in children and adolescents indicating that specific 

symptoms, e.g., irritability and self-esteem, improve soon after treatment 

initiation,11,13,15,17,20 research which shows that some clusters of depressive symptoms are 

more responsive to treatment than others among adolescents21,  and prior research in 

adults which demonstrate that symptom improvement in the first few weeks of 
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antidepressant use predicts later response.22,23 The central hypothesis guiding this project 

is that changes in individual symptoms (i.e. mood, somatic, subjective and behavior) of 

depression after treatment initiation will distinguish children and adolescents likely to 

respond.  

Specific Aims 

The Specific aims of this dissertation are as follows: 

Aim 1: To identify symptom cluster(s) and the magnitude of change occurring during the 

first 6 weeks of treatment that predicts treatment response at 12 weeks. This aim sought 

to answer the question “which symptom(s), and at what magnitude of change, that 

improve during the first 6 weeks of treatment, predict respond at the end of 12 weeks 

among children and adolescents?”  

Aim 2: To identify the magnitude of change and timing of change in depressive symptom 

cluster(s) during the first 12 weeks that predict sustained treatment response at 18 weeks, 

among children and adolescents who respond to acute treatment. The goal was to 

distinguish between children and adolescents in which response to acute treatment will be 

sustained (potentially achieving remission) from those who are likely to experience 

relapse. 

Aim 3: To evaluate the association between predicted response to fluoxetine and 

fluoxetine augmentation or switch among adolescents diagnosed with depression 

receiving care in community settings. This aim tested a methodological proof of concept 

for translating response prediction to real world data to answer the question, “Are 

adolescents with a high predicted likelihood of response to fluoxetine less likely to have 

an augment or switch to another psychotropic medication or antidepressant?”   
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Aims 1 and 2 applied a Bayesian approach24 to develop predictive models using 

existing patient-level data from the four RCTs evaluating the efficacy of antidepressants 

(fluoxetine and duloxetine), CBT or a combination of CBT plus fluoxetine in the 

treatment of moderate to severe depression in children and adolescents. Changes in 

symptom clusters of depression (i.e. mood, somatic, subjective and behavior) as 

measured by the Children’s Depression Rating Scale, Revised (CDRS-R) over the course 

of treatment that predict treatment response, as measured by the Clinical Global 

Impression-Severity (CGI-S) were identified. Aim 3 adapted  “combined sample multiple 

imputation (CSMI)”25 to estimate the response prediction model developed in Aim 1 in a 

cohort of commercially insured adolescents diagnosed with depression who receive 

treatment in community outpatient settings to evaluate the association between predicted 

response and psychotropic augmentation or switch. 

Impact on the field 

The project findings offers clinical guidance on when to re-assess the treatment 

regimen based on the likelihood of response to promote personalized approaches for 

more effective depression management.  The results also has implications for advancing 

analytical methods for bridging the gap between evidence from RCTs and real world 

practice. 
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2 INTRODUCTION 

2.1 Background 

2.1.1 Epidemiology of depression in children and adolescents 

The Diagnostic and Statistical Manual of Mental Disorders criteria for MDD is 

experiencing at least 5 symptoms of depression (depressed or irritable mood, diminished 

interest or loss of pleasure, significant weight change or appetite disturbance, sleep 

disturbance, psychomotor agitation or retardation, fatigue or loss of energy, feelings of 

worthlessness, diminished ability to think or concentration, or recurrent thoughts of death 

or suicide ideation, or a suicide attempt or plan) for at least 2 weeks. During this time, at 

least 1 of the symptoms must be diminished interest or loss of pleasure, or depressed 

mood or irritability.26 The 2014 World Health Organization’s reports that depression is a 

predominant cause of mortality and disability among adolescents ages 10 to 19 years 

across the world. Suicide was the 3rd leading cause of morality and depression was the 

leading cause of disability and illness.27  

Depression is one of the most common psychiatric mood disorders among 

children and adolescents in the United States (U.S.), with an estimated prevalence of 2%-

13% in children and adolescents ages 3-17, and a cumulative incidence of approximately 

20% by age 18.2,3,6,28 The prevalence of depression is highest during the adolescents 

years, increasing from approximately 5% at age 12 to 17% by age 17.  Adolescent 

females have the highest prevalence of depression29 ranging from 10%-19%, compared to 

5%-8% among adolescent males.2,3,30 Risk factors associated with depression in children 

and adolescents are both familial or genetic, and psychosocial.  A family history of 

depression is one of the strongest risk factors,31 and other psychosocial risk factors 
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include acute stressful events (i.e. bereavement), maltreatment, negative family 

relationships, peer victimization, poverty, and physical illness.32-35  

Depression in children and adolescents is a chronic and recurring serious mental 

health condition. The symptoms of MDD in children and adolescents include depressed 

and/or irritable mood, loss of interest or pleasure, suicidal ideation or attempts, changes 

in appetite, weight or sleep, exaggerated guilt, social withdrawal, somatic symptoms, and 

decreased activity, concentration, energy or self-worth.6,36 In children and adolescents, 

the median duration of a depressive episode ranges from 2 to 8 months.  Approximately 

10%, have spontaneous recovery from the first episode of depression within 3 months, 

and more than 60% recover within one year. Despite the relatively high prevalence of 

recovery, many children and adolescents experience a recurrence of the condition. 

Between 20-60% have a recurrence within 1 to 2 years, and by 5 years approximately 

70% of children and adolescents have a relapse of depression. 6,37,38 Approximately 40% 

of children and adolescents will not respond to an adequate trial of evidence based 

treatment, resulting in a prolonged depressive episode.39 

In children and adolescents, depression is associated with significant morbidity, 

functional impairment in school and social settings, and deliberate self-harm.4,5 

Depression is often accompanied by other psychiatric conditions in children and 

adolescents.40 Approximately 40% – 90% of children and adolescents with depression are 

diagnosed with other psychiatric conditions including anxiety disorders, phobias, conduct 

disorder and attention-deficit/hyperactivity disorder (ADHD).6,30,41,42 Approximately 

63%-73% of children and adolescents who experience a major depressive episode have 

severe functional impairment in their ability to do chores at home, do well at school, have 
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relationships with their family, or have a social life.29,30,43 Suicidal ideation and 

behaviors, and self-harm are one of the most devastating consequences of depression. In 

2016, suicide was the second leading cause of death among adolescents (ages 10-19) in 

the US.44 As many as 60% of children and adolescents diagnosed with MDD have 

thoughts of suicide, 30% plan or make a suicide attempt and 32% have non-suicidal self-

injury.6,45,46 Childhood depression results in a 2-fold increase in the likelihood of 

depression in adulthood, and is associated with other psychiatric conditions in adulthood 

such as anxiety and panic disorders.37,47-49  

Depression has a significant public health impact in children and adolescent given 

the high prevalence, chronic and recurrent nature of the condition, the associated 

morbidity and functional impairment, and serious sequelae of suicidal thoughts and 

behaviors and deliberate self-harm. If left untreated, or treated inadequately, depression 

in children and adolescents poses a serious life-threatening risk and significant health 

burden throughout the life course. 

2.1.2 Clinical management of MDD in children and adolescents 

Guidelines suggest that there are 3 distinct phases in the overall treatment of 

MDD —acute, continuation and maintenance— which correspond with the stages of 

illness (depression, response, recovery, remission and relapse) and specific treatment 

goals (Figure 2.1). 6,19,50,51 Achieving response or partial response (i.e. significant 

reduction in depressive symptoms) is the goal of the acute treatment phase which lasts 

approximately 8 to 12 weeks. In the continuation phase (~16 weeks to 9 months after the 

acute phase), the goal is to consolidate the response or partial response achieved during 

the acute phase in order to achieve remission (minimal or few symptoms, but not fully 
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functional recovery) and avoid relapse (re-emergence, worsening of signs or symptoms 

during a period of remission and prior to achieving recovery). Lastly, maintenance 

treatment (~6 months or longer after the continuation phase) occurs during a period of 

recovery (absence of symptoms and return to full functioning), with the goal of avoiding 

recurrence (the emergence of symptoms during recovery).  

Figure 2.1. Course of adolescent depression (left) and Depression stages of illness and 

phases of treatment (right) 

 

* Adapted from Gordon et al. 201451 and Malhi et al. 200950  

 

Depending on the severity of depression, guidelines suggest psychoeducation, 

family support, educational supports, psychotherapy or antidepressant monotherapy, or 

psychotherapy and antidepressant in combination.52  Currently, two SSRIs –fluoxetine8 

and escitalopram9 –have a FDA approved indication for MDD in children and 

adolescents ages 8-18 and ages 12-17, respectively. Psychotherapy includes CBT and 

interpersonal psychotherapy (IPT).6,52 
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In children and adolescents with mild uncomplicated depression, treatment 

guidelines recommend the use of psycho-education, active support and monitoring during 

the acute phase of treatment.5,6,36,53-56 Antidepressants are not recommended for initial 

treatment in children and adolescents with mild depression.36,56 However, psychotherapy, 

such as CBT, is recommended if response is not observed after 4 to 6 weeks of active 

support.5  

For moderate to severe depression, guidelines suggest psychotherapy 

monotherapy, antidepressant monotherapy, or a combination of an antidepressant and 

psychotherapy. The National Institute for Health and Care Excellence in the United 

Kingdom,36,52 the Royal Australian and New Zealand College of Psychiatrist54,56, and the 

Canadian Network for Mood and Anxiety Treatments (CANMAT)55 recommend 

psychotherapy as first line treatment for moderate to severe depression in children and 

adolescents (unless declined by the patient or family, or unavailable). If psychotherapy 

monotherapy fails, an antidepressant is recommended as monotherapy or in combination 

with psychotherapy. For more severe depression, CANMAT recommends combination 

antidepressant and psychotherapy as first line treatment.36,54,55 The American Academy of 

Child and Adolescent Psychiatry suggests that moderate depression may respond to 

psychotherapy (CBT or interpersonal psychotherapy) monotherapy, but recommends the 

use of an antidepressant alone or in combination with psychotherapy as first line for 

severe depression.6 When antidepressants are recommended, an SSRI, specifically 

fluoxetine, is the recommended first choice.5,54,55 Sertraline, citalopram, and escitalopram 

are recommended second line antidepressants.36,55  
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If an antidepressant is prescribed, guidelines generally recommend starting with a 

low dose and increasing the dose gradually to achieve response. For fluoxetine, the FDA 

label recommends initiating treatment with 10 or 20 mg/day. After a week of 10mg/day, 

the dose can be increased to 20mg/day.8 The FDA recommended dose of escitalopram is 

10mg/day, which can be increased to 20mg/day after a minimum of three weeks.9 For 

other antidepressants, children and adolescents should be treated with a tolerable dose for 

a minimum of 4 weeks (to allow adequate duration) before assessing response, or 

considering dose changes if response has not been achieved.6,55 Among children and 

adolescents that respond to acute treatment, whether monotherapy or combination 

therapy, treatment should be continued for 6 to 12 months to avoid relapse.6,36,55 To avoid 

recurrence, maintenance treatment should be considered in children and adolescents who 

have had no symptoms for 6 to 12 months.56 The FDA label for fluoxetine, recommends 

periodic assessments to determine the need for maintenance treatment, and if needed, 

initiate weekly dosing of fluoxetine.8 Though limited guidelines exists for the duration of 

the maintenance phase, treatment may be continued for an additional 1 year or longer 

depending on the duration of time taken to achieve recovery, the number of recurrent 

episodes of depression, the presence of co-occurring anxiety disorders, and/or history of 

self-harm behaviors.6  

Among children and adolescents who fail to achieve response after 8-12 weeks 

with an adequate treatment— though longer period may be needed to account for non-

adherence or inconsistent treatment— guidelines recommend alternate options such as 

optimization which includes extending the trial, dose adjustments, or psychotherapy 

combination. In the case of non-response to an antidepressant, switching to another 
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antidepressant within the same subclass, or augmentation is recommended.6,19,36,55 

Optimization or augmentation is recommended when there is a partial response to the 

initial therapy, while switching is recommended when there is a failure to respond or 

tolerability issues with the initial antidepressant.6 The Treatment of SSRI Resistant 

Depression in Adolescents (TORDIA) trial assessed the efficacy of four treatment 

strategies (switch to different SSRI, switch to different SSRI plus CBT, switch to SNRI, 

and switch to SNRI and CBT) among adolescents with depression who previously failed 

to respond to an adequate trial of an SSRI. The results of TORDIA showed that more 

youth (55%) achieved response after switching treatment to CBT plus a change in 

medication (another SSRI or SNRI), than a switch in medication alone (47%).57 Evidence 

in adults and expert opinions in children and adolescents also suggest adding other 

psychotropic medications.18 However, augmentation with an antipsychotics has little 

evidence supporting the use in children and adolescents with depression who fail to 

respond to an adequate trial of an antidepressant, though aripiprazole is approved for 

adjunctive treatment of MDD in adults.58 

2.1.3 Pharmacoepidemiology of antidepressant use in children and adolescents 

Antidepressant use is prevalent among children and adolescents in the US. 

Among children and adolescents, antidepressant use more than tripled from 1987-1988 

(0.2% - 0.6%)10,59 to 2003-2005 (3%).60,61 Among youth diagnosed with depression, use 

increased from 44% in 1990-1993 to 59% from 1998-2001.7 The observed increase is 

largely driven by the introduction of SSRIs, which represent 67%-75% of all 

antidepressant use.7,62,63 The 2004 FDA SSRI black boxed warning for suicidality in 

children and adolescents resulted in a decrease in antidepressant prescribing between 
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2004-2007. 63-65 However in later years, 2009-2011, the prevalence of antidepressant use 

returned to similar rates as the period prior to the FDA warning.66  

SSRIs, particularly fluoxetine, are the most commonly prescribed antidepressants 

among children and adolescents in outpatient care.7 Fluoxetine8 and escitalopram9 are 

the only two antidepressants FDA approved for use in children and/or adolescents with 

MDD, though only fluoxetine is approved for use in children (ages 8-11). Fluoxetine is 

widely considered to have the best evidence for efficacy for the treatment of MDD in 

children and adolescents.11,12 However, other SSRIs and SNRIs approved for MDD 

treatment in adults (e.g. paroxetine), or other indications in children (e.g. duloxetine and 

sertraline) often are prescribed ‘off-label’ in youth with depression.10,67,68 Duloxetine 

(approved for the treatment of general anxiety disorder in youth ages 7-17)69, and 

sertraline (approved for obsessive compulsive disorder in children ages 6-17)70 may be 

more commonly used among children and adolescents with MDD as they are approved 

for other mental health conditions and may be used to treat comorbid disorders.67 The 

prevalence of individual SSRIs range from 15%-35% for fluoxetine, 13%-38% for 

sertraline, 5%-29% for citalopram or escitalopram, and 8%-24% for paroxetine.7,62,71,72 

Antidepressant use as monotherapy has decreased, while the use of 

antidepressant concomitantly with other psychotropic medications has become common 

practice.73,74 One-third (34%) of youth treated with antidepressants, also use other 

psychotropic medications concomittantly.73,75 Antidepressants are most often combined 

with antipsychotics, stimulants and mood stabilizers.76,77  In 2005, the proportion of 

youth diagnosed with depression who were prescribed two or more psychotropic 

medications was 45%. Overtime, the make-up of the concomitant regimen among youth 
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diagnosed with depression has also changed. Between 1996 and 2001, antidepressants 

were most often co-prescribed with stimulants, but by 2002-2005, antipsychotics and 

mood stabilizers were the most commonly co-prescribed psychotropic with an 

antidepressant.74 Antidepressant augmentation, specifically involving antipsychotics, has 

limited evidence of efficacy and this combination has been associated with serious 

cardio-metabolic effects, including diabetes and weight gain.73,78,79  

2.1.4 Efficacy of antidepressants for depression in children and adolescents 

2.1.4.1 Evidence from RCTs and systematic reviews 

The purpose of this section is to describe the evidence for efficacy of 

antidepressants, SSRIs and SNRIs, for the treatment of MDD in children and adolescents. 

FDA approved antidepressants, fluoxetine and escitalopram, are the primary focus. 

Duloxetine is also discussed as it will be evaluated in this dissertation research. Included 

in this review are results reported in the published manuscripts of pediatric antidepressant 

RCTs, findings reported by FDA’s statistical and medical officers in their review of 

antidepressant RCTs submitted to obtain regulatory approval, and unpublished clinical 

summaries made publicly available by sponsors on their individual registries or other 

clinical trial registries (e.g. European Clinical Trials Database [EudraCT]).   

Fluoxetine 

Four RCTs, two National Institute of Mental Health (NIMH) funded (X065 and 

The Treatment for Adolescents With Depression Study [TADS]) and two industry 

funded (BIY-MC-HCJE and BIY-MC-HCCJ) were identified that evaluated the efficacy 

of fluoxetine compared to placebo in the treatment of MDD in children and/or 

adolescents. Except for TADS, the results show that fluoxetine often failed to 



16  

demonstrate statistical superiority to placebo on apriori defined primary outcomes. 

Significance was observed on secondary outcomes, which supported the FDA approval 

for pediatric MDD in 2003. 

X065 and BIY-MC-HCJE, were submitted to the FDA to obtain approval for 

fluoxetine in the treatment of pediatric depression.80,81 X065 was a NIMH funded RCT 

conducted by Emslie and colleagues82 that evaluated the efficacy of fluoxetine in 

children and adolescents (aged 7-17 years). The sponsor obtained the data and submitted 

the results as part of their application for FDA approval. In X065, fluoxetine failed to 

demonstrate statistical superiority to placebo in achieving recovery (CDRS-R ≤28 and 

Clinical Global Impression – Improvement [CGI-I] ≤2), the primary outcomes specified 

in the NIMH proposal. However, fluoxetine demonstrated superiority to placebo on the 

sponsor defined post-hoc primary outcome (≥30% reduction in CDRS-R).81-83 In BIY-

MC-HCJE which evaluated the efficacy of fluoxetine in children and adolescents ages 8-

17 years, fluoxetine failed to demonstrate statistical superiority to placebo on the 

protocol defined primary endpoint (≥30% reduction in CDRS-R). The FDA disagreed 

with the sponsors primary outcomes of ≥30% reduction in CDRS-R and evaluated other 

endpoints for efficacy. The results of these endpoints showed that children and 

adolescents treated with fluoxetine experienced a significantly greater average reduction 

in CDRS-R total score and were more likely to achieve remission (CDRS-R ≤28), 

response (CGI-I ≤2) and recovery (CDRS-R≤28 and CGI-I≤2).15,80,81,84 Of note, the 

FDA’s medical reviewer raised concerns that the results observed in X065 were 

confounded by comorbid anxiety as more fluoxetine treated patients had comorbid 

anxiety at baseline than placebo. The FDA’s subsequent stratified analysis showed that a 
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significant difference between fluoxetine and placebo was only observed among the 

subgroup of children and adolescents with comorbid anxiety disorder.81  

Other RCTs evaluating the efficacy of fluoxetine in the treatment of children and 

adolescents with depression include TADS and B1Y-MC-HCCJ. TADS was a NIMH 

funded post-market RCT conducted between 2000 (approval of fluoxetine in adults) and 

2003 (approval in children and adolescents), that evaluated the efficacy of fluoxetine 

only, a combination of fluoxetine and CBT, or CBT only, compared to placebo in 

adolescents aged 12-17. At the end of 12 weeks of acute treatment, the proportion of 

adolescents who responded (CGI-I score ≤2) to fluoxetine only was significantly greater 

than placebo.11 However, fluoxetine failed to demonstrate superiority to placebo based 

on overall change in CDRS-R total score (the other primary outcome) and secondary 

outcomes.11 B1Y-MC-HCCJ was an industry funded study that evaluated the efficacy of 

fluoxetine compared to placebo in adolescents aged 12-17 years. The published (journal 

article)85 and unpublished (clinical summary available on EudraCT)86 results of B1Y-

MC-HCCJ showed that fluoxetine was no more effective than placebo in treating 

depression.  

Escitalopram 

Evidence from the RCTs of escitalopram (SCT-MD-32, SCT-MD-15) and 

citalopram (CIT-MD-18) used to demonstrate efficacy of escitalopram have mixed 

results. SCT-MD-32 and CIT-MD-18, had positive results and were the pivotal trials that 

supported the 2009 FDA approval of escitalopram for the treatment of MDD in 

adolescents ages 12-17.87 However, SCT-MD-15 showed no difference between placebo 

and escitalopram. 
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SCT-MD-32 evaluated the efficacy of escitalopram in adolescents (12-17 years 

of age). Based on FDA’s medical and statistical officers reviews, results from SCT-MD-

32 showed that escitalopram demonstrated superiority to placebo on the protocol defined 

primary (overall reduction in CDRS-R total score) and secondary (reduction in CGI-I 

total score) outcomes.87-89 In the published RCT results, Emslie and colleagues reported 

additional analyses, which showed that a larger proportion of adolescents responded 

(CGI-I score ≤2) to treatment with escitalopram when compared to placebo.89  The FDA 

considered a citalopram RCT as part of the package for escitalopram because 

escitalopram is an isomer of citalopram. The results from CIT-MD-18 evaluated the 

efficacy of citalopram in children and adolescents aged 7-17 and showed that citalopram 

significantly reduced CDRS-R total score when compared to placebo. However, the 

FDA reviewer noted that the positive results were largely driven by greater improvement 

in the adolescent subgroup (age 12-17).87 In the publication of the trial’s results, 

additional findings reported by Wagner and colleagues showed that a significantly 

greater proportion of children and adolescents treated with citalopram achieved 

remission (CDRS-R ≤28) when compared to placebo.16 

SCT-MD-15 evaluated the efficacy of escitalopram in children and adolescents 6 

to 17 years of age. The results did not show superiority of escitalopram relative to 

placebo based on mean change in CDRS-R score (primary outcome). While the overall 

findings of SCT-MD-15 were negative, the FDA reviewer noted that significant results 

were obtained in the adolescent subgroup.87 In a published article authored by Wagner et 

al90, escitalopram did not demonstrate superiority to placebo in any primary or secondary 

outcome.  
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Duloxetine 

The FDA reviewed the results of two RCTs, F1J-MC-HMCK and F1J-MC-

HMCL, both conducted in children and adolescents 7-17 years of age, and the results 

from both RCTs showed that duloxetine did not demonstrate significantly greater 

reduction in CDRS-R total score as compared to placebo.91,92 The publication of F1J-

MC-HMCK and F1J-MC-HMCL report similar findings with respect to the primary 

outcomes.93,94 Additional results reported in the publication of F1J-MC-HMCL revealed 

that more children and adolescents treated with 30mg/day of duloxetine achieved 

remission (CDRS-R score ≤28) when compared to placebo.94 Fluoxetine was an active 

control in both F1J-MC-HMCK and F1J-MC-HMCL. Comparisons of primary and 

secondary outcomes between fluoxetine and placebo did not show a significant difference 

in reducing CDRS-R total score, response, or remission.91-94  

Evidence from systematic reviews or meta-analysis 

Several meta-analysis and systematic reviews, using only the published results of 

RCTs, have been conducted to summarize the efficacy of antidepressants in children and 

adolescents diagnosed with depression. Generally, these reviews have found consistent 

results indicating that except for fluoxetine, SSRIs and SNRI’s, have a relatively small 

effect size and provide limited evidence of efficacy in treating children and adolescents 

diagnosed with depression.95  

Meta-analysis of RCTs comparing response in children and adolescents treated 

with an SSRIs and SNRIs versus placebo revealed relatively small, though statistically 

significant, effect sizes (Hedges g) ranging from 0.16-0.26.96-98  The proportion of 

children and adolescents more likely to respond to an antidepressant when compared to 
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placebo ranged from 11% - 22% across meta-analysis.96,99,100 The mean reduction in 

depressive symptoms in children and adolescents treated with antidepressant versus those 

treated with placebo were moderate, ranging from 1.79 to 3.51 (as measured by the 

CDRS-R total score).100,101  

Fluoxetine consistently demonstrated a statistically significant treatment effect 

across meta-analyses.12,96,100,102 The reported Hedges’ g effect size for fluoxetine 

compared to placebo is 0.4696 (medium effect), with a reduction in depressive symptoms 

(based on CDRS-R total score) ranging from 0.51 to 5.63 points.12,100,102 Citalopram and 

escitalopram have also shown statistically significant treatment effects, though not 

consistently across meta-analysis. Citalopram and escitalopram are associated with a 

0.34102 and 2.67100 point reduction in depressive symptoms based on the total score in 

depressive instruments, respectively.   

2.1.4.2 Effect of antidepressants on individual symptoms 

To demonstrate efficacy, RCTs focus on the baseline to end of the trial mean 

change in CDRS-R total scores. The CDRS-R is a clinician-rated 17-item instrument for 

use with pediatric patients. The symptom subscales encompass mood, somatic, 

subjective, and behavioral symptoms. The total score ranges from 17-113 with a total 

score≥40 indicative of depression and a total score ≤28 defined as remission (minimal or 

no symptoms). However, when using the total score, improvement in individual 

symptoms or symptom clusters, may be masked by lack of improvement in other 

symptoms which may have little contribution to the overall burden of illness. An 

evaluation of the effects of antidepressants on overall and individual symptom changes in 
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children and adolescents shows that the magnitude of change is largest for mood, though 

other symptoms also show significant changes.  

In RCTs, youth treated with fluoxetine and escitalopram show significant 

reductions in overall depressive symptoms within the first 6 weeks of treatment. 

Compared to placebo, a greater reduction in depressive symptoms is observed as early as 

1 week after staring treatment with fluoxetine and after 4 weeks with escitalopram.11,82-

84,89  Youth treated with fluoxetine generally show improvement in all symptoms though 

the magnitude of change and timing of change varies.15,83,84  The greatest reduction across 

all symptoms occurs within the first 4 weeks. All symptoms also continue to improve 

from weeks 4 to 8 and 8 to 12, but the incremental improvement diminishes with time. 

When compared to other symptoms, reported depression has the greatest improvement 

during the first 4 weeks. From weeks 4 to 8 somatic symptoms show the greatest 

improvement, while anhedonia shows the greatest improvement in weeks 8 to 12.20 The 

mean reduction in individual depressive symptoms (as measured by the CDRS-R) after 8 

to 9 weeks of treatment with fluoxetine ranges from 5.8 - 6.6 for mood, 6.5 - 6.6 for 

somatic, 3.9 for subjective and 4.3 - 5.1 for behavior.83,84  Though some children and 

adolescents treated with fluoxetine have significant reduction in overall depressive 

symptoms to the point of achieving remission, some residual symptom may remain. The 

resolution of depressed mood and difficulty having fun is most common among children 

and adolescents that achieve remission with fluoxetine. Common residual symptoms 

include impaired school performance, insomnia, irritability, low self-esteem, and appetite 

changes.20 Only somatic symptoms show significantly greater improvement with 

duloxetine when compared to placebo.91,94  
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A recent study, conducted by Hieronymus et al103, reanalyzed data from 18 

antidepressant placebo controlled RCTs in adults demonstrate the importance of 

individual symptom change. The authors compared the change in total score of the 

Hamilton Rating Scale for Depression (HAM-D) with that of the 17 individual symptoms 

captured by the instrument. The results showed that 44% of comparison across the 18 

RCTs had significant findings when the primary outcome was defined as change in 

HAM-D total score compared to 91% when the primary outcome was defined as change 

in depressed mood. Additionally, the depressed mood item had a larger effect size than 

the total score and all other individual items. Some individual items (i.e. feeling of guilt, 

suicide, work and activities, and anxiety) had similar effect sizes as the total score. These 

results suggest, at least in adults, that depressed mood has the greatest impact on 

improving overall depressive symptoms, that there are variations in the contribution of 

other symptoms in improving depression, and that some symptom (i.e. guilt, suicide) are 

just as important as the total score. These comparisons are limited in children and 

adolescents, and it is likely that similar findings could be observed, when evaluating 

improvement in individual depressive symptom(s) in children and adolescents based on 

clusters measured by the CDRS-R.   

2.1.4.3 Criticisms of efficacy and effectiveness of antidepressant 

There are widespread criticisms of the use of antidepressants for depression in 

children and adolescents. The criticisms relate to the publication of results (i.e. 

misreporting of outcomes, publication bias, ghost writing, influence of pharmaceutical 

sponsors), the prevalence of failed RCTs, misconduct in the analysis of RCTs (i.e. 

inappropriate comparisons), the lack of a clinically meaningful effect, unbalanced benefit 
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risk profile given concerns about suicidality with the use of SSRIs, and the 

generalizability of RCT findings.  

The efficacy of fluoxetine and citalopram in the treatment of pediatric depression 

has been questioned due to issues related to the conduct of TADS and CIT-MD-18. In 

TADS, the fluoxetine alone and placebo arms (drugs only treatment) were blinded while 

youth treated with CBT, alone or in combination with fluoxetine, were aware of their 

treatment assignment.11 Therefore the only true double blind comparison was between 

fluoxetine only and placebo. Critics argue that the conclusion that combination treatment 

(fluoxetine with CBT) was superior to placebo alone and fluoxetine alone suffers from 

expectation bias and is misleading because the unblinded combination treatment arm was 

compared to the blinded drugs only arms. Adolescents in the combination arm who were 

aware that they received fluoxetine and had more contact with clinicians (because of also 

receiving CBT) are likely to respond more favorably than adolescents in the blinded drug 

only treatment arms.104,105 Additionally, in the double blind comparison between 

fluoxetine and placebo, fluoxetine failed to demonstrate superiority to placebo on one of 

the two primary outcomes; overall change in CDRS-R total score.11  

 The interpretation of efficacy results in the citalopram trial CIT-MD-18 (used to 

support FDA approval of escitalopram) may have been compromised by the inclusion of 

children and adolescents (n=8) in the final analysis who were accidentally unblinded.106 

Following a review of internal company documents, Jureidini et al. found that analysis 

that excluded the accidentally unblinded subjects (as pre-specified in the protocol) had 

negative results. Positive results were only obtained when the unblinded subjects were 
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included.106 The analysis which included the unblinded subjects contributed to the FDA’s 

decision to approve escitalopram for the treatment of MDD in adolescents.87 

According to a 2004 report from the FDA, only 20% (3/15) of antidepressant 

trials (Fluoxetine BIY-MC-HCJE and X065, and citalopram CIT-MD-18) submitted to 

the agency to obtain approval for the treatment of MDD in children and adolescents had 

positive results.107 A later review, which included additional studies not included in the 

2004 FDA report, judged that all antidepressant trials were negative on the basis that they 

failed to demonstrate superiority on all apriori defined primary outcomes or when 

analyzed according to the protocol (specifically CIT-MD-18).108 Of note both reviews did 

not include findings from one positive escitalopram trial (SCT-MD-32). Additionally, 

considering all primary and secondary outcomes, only 38% (14/37) of reported outcomes 

in RCTs for paroxetine, sertraline and fluoxetine, were reported as significant.98 Critics 

argue that a clearly efficacious treatment should be expected to outperform placebo in the 

majority of trials, and therefore the relatively low success rate is often cited as a 

criticisms of the efficacy of antidepressants in treating MDD in children and adolescents.  

Critics also raise concerns about the small effect sizes and the large placebo 

response,98,109 calling into question whether the drug’s effect are clinically significant or 

meaningful. In meta-analysis, effect sizes as small as 0.1697 and a maximum decrease in 

the CDRS-R total score of 5.63100 points have been reported. Jureidini et al. explains that 

on a scale such as CDRS-R with scores ranging from 17 to 113, a 5 point change is 

modest and is unlikely to be clinically meaningful.98,110 In 2004111, the FDA issued a 

black box warning for an increased risk of suicidal thinking and behavior in children and 

adolescents taking SSRIs after conducting a reanalysis of 23 pediatric antidepressant 



25  

clinical trials across all indication. The results of the review revealed a statistically 

significant increase in the risk of definitive or possible suicidal behavior or ideation 

among youth receiving SSRIs (4%) when compared to placebo (2%).111,112Thus critics 

argue that such small benefits do not outweigh the risk of potential increases in SSRI-

associated suicidal thoughts and behaviors.113  

The placebo response in antidepressant RCTs in children and adolescents is 

relatively high. The clinical significance of the drug’s effect is questioned because much 

of the improvement observed with the antidepressant is also seen in placebo. In 

antidepressant RCTs for MDD in children and adolescents 33%-50% respond to placebo 

and the magnitude of symptom improvement is similar among those receiving active 

treatment and those treated with placebo.98,114 For example, in one fluoxetine study the 

active treatment arm reported a 22-point reduction on CDRS-R total score while placebo 

had a 15-point reduction.15 Thus, 68% (i.e. 15 is 68% of 22) of the reduction observed 

with fluoxetine was observed in children and adolescents treated with placebo. 

The eligibility criteria from RCTs limit the generalizability of the RCT findings to 

the broader population of children and adolescents diagnosed with depression and critics 

argue that results seen in RCTs are not representative of the typical youth diagnosed with 

depression. In 25 antidepressant RCTs for the treatment of MDD in adolescents, having 

psychotic features, bipolar disorders, concurrent psychotropic medication use, alcohol or 

drug abuse or dependence, and a significant risk of suicide were the top 5 exclusion 

criteria employed in at least 20 RCTs. When these common exclusion criteria are applied 

to a general population of children and adolescents diagnosed with MDD, approximately 

61%-73% of children and adolescents would be excluded from the RCT.115 A significant 
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suicide risk and alcohol/drug abuse or dependence contribute to largest proportion of 

exclusions. 

2.2 Conceptual and theoretical frameworks of the specific aims 

2.2.1  Specific aims 

This dissertation project investigates symptom changes over the course of 

treatment for depression that predict response in children and adolescents diagnosed with 

depression, and empirically evaluates whether psychotropic augmentation or switching 

occurs in adolescents who are likely to respond to treatment. The analysis investigated 

early changes in depressive symptom cluster(s), i.e. mood, somatic, subjective and 

behavior, the magnitude of change in the symptom cluster(s) , and the timing of change 

that predict initial (at 12 weeks) and sustained response (at 18 weeks) using patient-level 

data from four ([TADS, F1J-MC-HMCL, F1J-MC-HMCK, and B1Y-MC-HCJE) 

pediatric antidepressant RCTs. The predictive model from the RCT data in Aim 1 was 

implemented using an innovative combined sample multiple imputation approach 

(CSMI) to estimate the response prediction model in real world data in order to evaluate 

treatment outcomes in a community pediatric sample diagnosed with depression. 

The specific aims of this dissertation are as follows: 

Aim 1: To identify symptom cluster(s) and the magnitude of change occurring during the 

first 6 weeks of treatment that predicts treatment response at 12 weeks. This aim answers 

the question “which symptom(s), and at what magnitude of change, that occur during the 

first 6 weeks of treatment, predict youth likely to respond to an antidepressant at the end 

of 12 weeks?”  Changes in depressive symptom clusters (i.e. mood, somatic, subjective 
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and behavior) as measured by the CDRS-R from baseline to week six were evaluated as 

predictors of response (as defined by CGI-S) at week 12.  

Aim 2:  To identify the magnitude of change and timing of change in depressive symptom 

cluster(s) during the first 12 weeks that predict sustained treatment response at 18 weeks, 

among youth who respond to acute treatment. As discussed in section 2.1.2, the goal of 

the continuation phase, is to consolidate the response or partial response achieved during 

the acute phase in order to achieve remission (minimal or few symptoms, but not fully 

functional recovery) and avoid relapse (re-emergence, worsening of signs or symptoms 

during a period of remission and prior to achieving recovery). Therefore, the goal of this 

aim is to distinguish between children and adolescents in which response to acute 

treatment is sustained (potentially achieving remission) during the continuation phase. 

This aim answers the question “which symptom cluster(s), and the magnitude of change 

and timing of change, over the course of acute treatment (i.e. 12 weeks) are likely to 

predict sustained response to treatment at 18 weeks, among children and adolescents who 

respond to treatment after 12 weeks?”  

Aim 3: To evaluate the association between predicted response to fluoxetine and 

fluoxetine augmentation or switch among adolescents diagnosed with depression 

receiving care in community settings. The goal is to evaluate the association between 

predicted response and antidepressant augmentation or switch, to increase our 

understanding of real-world clinical practice. This aim answers the question, “Are 

adolescents with a high likelihood of response to acute treatment with fluoxetine less 

likely to augment their antidepressant or switch to another psychotropic medication or 

antidepressant?”  A predictive model for adolescents treated with fluoxetine from Aim 1, 
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is applied to a cohort of adolescents in community setting, who are diagnosed with 

depression and initiate treatment with fluoxetine using CSMI to evaluate the association 

between predicted response and antidepressant augmentation or switch. 

• Hypothesis 1: A greater probability of response is associated with a lower 

likelihood of antidepressant augmentation or switch. 

Aims 1 and 2 uses RCT data and focuses on treatment response prediction. A 

Bayesian approach24 is applied to develop predictive models using existing patient-level 

data from four antidepressant RCTs involving duloxetine, fluoxetine, CBT only and a 

combination of CBT and fluoxetine. Changes in CDRS-R symptom clusters (i.e. mood, 

somatic, subjective and behavior) over the course of treatment are evaluated as early 

predictors of response measured by the CGI-S. Both CDRS-R and CGI-S are validated 

and reliable instruments for assessing improvement in depressive symptoms.116  

The CDRS-R, a clinician-rated 17-item instrument,  which is commonly used in 

RCTs to evaluate changes in depressive symptoms.117 Of its 17 items, 14 are rated based 

on the child or parent report, and 3 items are based on the clinician’s assessment of the 

child’s nonverbal behavior. The total score ranges from 17 to 113 and a scores ≥40 is 

indicative of depression and a scores ≤28 is defined as remission (i.e., minimal or no 

symptoms). Based on clinical experience and theory, Poznanski et al117, the developers of 

the CDRS-R, defined four symptoms subscales as mood (i.e., depressed feeling, 

depressed facial affect, irritability, excessive weeping), somatic (i.e., appetite disturbance, 

sleep disturbance, excessive fatigue, listless speech, hypoactivity, physical complaints), 

subjective (i.e., low self-esteem, excessive guilt, morbid ideation, suicide ideation) and 

behavior (i.e., difficulty having fun, social withdrawal, impaired school work). The 
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Clinical Global Impression Scale (CGI), developed for NIMH-sponsored 

psychopharmacology clinical trials is a brief, stand-alone clinician assessment of the 

patient’s global functioning prior to and after initiating a study treatment.118,119 The CGI 

is consistently used in RCTs and is sensitive to distinguishing treatment severity and 

response. 120-122 The CGI-S is a component of the CGI that measures changes in the 

severity of psychopathology. The CGI-S is comprised of one question: “Considering your 

total clinical experience with this particular population, how mentally ill is the patient at 

this time?” The clinician’s response is rated on a 7-point scale from 1 (normal, not ill at 

all) to 7 (amongst the most extremely ill patients).119 

 Aim 3 uses real world claims data from the IQVIATM Pharmetrics Plus database 

to determine if adolescents who initiate treatment with fluoxetine are less likely to have 

fluoxetine augmentation or switch to another psychotropic medication or antidepressant. 

A CSMI approach developed by Rendell et al.25 is applied to estimate the response 

prediction model from Aim 1 to a cohort of adolescents in community practice.   

2.2.2 Conceptual Model of Specific Aims 

The conceptual model (Figure 2.2) displays the clinical dilemmas that might 

present in practice and shows that considering response along with change in individual 

symptom clusters may lead to different therapeutic decisions. Boxes B and C may be the 

clearest clinical decisions. Boxes A and D represent the least clarity in clinical decision-

making, and thus is the area that this dissertation can be most impactful. 
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Figure 2.2. Conceptual Framework of Dissertation Aims 

 

Aim 1 examined changes in symptom clusters from baseline to week 6 that 

predicts response at week 12. Distinguishing between youth who will not respond from 

those who will respond based on symptom improvement during the first 6 weeks of 

treatment initiation can inform clinical decision making regarding next step treatment 

approaches. Among youth who respond, the goal of the next phase of treatment is to 

consolidate the response achieved during the acute phase in order to achieve remission. 

Thus, study aim 2 predicted response at week 18 in full or partial responders at week 12 

to distinguish between youth in which response will be sustained (potentially achieving 

remission) from those who are likely to experience relapse. Aim 3 translated this 

information to outpatient setting. This aim tested methods for estimating the respond 

prediction models developed using RCT data in real world data. This is the first study, to 

our knowledge, that has attempted to test these methodological approaches in pediatric 

antidepressant treatment. 
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2.2.3 Theoretical framework 

This dissertation was guided by 

two theories of antidepressant drug 

action in the treatment of MDD; the 

neurotrophic theory of antidepressant 

drug action and the cognitive 

neuropsychological theory. The 

neurotrophic theory focuses on neural 

pathways and explains that SSRI and 

SNRI increases brain-derived neurotrophic factor levels which in turn promotes neural 

plasticity which contributes to a behavioral response.123,124 In figure 2.3,124 this theory 

represents the outer pathway from chemical action → downstream neuroplastic 

effects→improved mood. On the other hand, the cognitive neuropsychological theory 

focuses on the core psychological processes of depression. The cognitive 

neuropsychological theory posits that antidepressants reverse negative affective bias (the 

tendency to focus on and remember affective and social information that is negative, 

while disregarding positive information) by increasing the processing of positive versus 

negative information early in treatment.  The drug-induced early changes in emotional 

processing results in improved depressive symptoms and severity over-time. In figure 

2.3, this pathway represents chemical actions→change in emotional bias→improved 

mood. While these theories provide a different perspective, biological and psychological, 

Harmer et al.123 proposes that the two theories operate synergistically in improving 

depressed mood, with adverse social environment resulting in delayed treatment effects. 

*Adapted from Lee et al (2010).  

 

Figure 2.3. Theory of Antidepressant Drug Action 
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In children and adolescents, difference is the maturation of the neurotransmitter systems 

between children and adolescents may also contribute to age-related variation or delayed 

treatment effects.125   

2.3 Justification of the study 

2.3.1 Statement of the problem 

In children and adolescents, depression is a chronic and recurring serious mental 

health condition associated with significant morbidity, functional impairment, and mental 

health comorbidities and psychosocial issues throughout the life-course. More 

importantly, depression poses a serious life threatening risk due to suicide ideation and 

behaviors and deliberate self-harm.  

A clinician managing the care of a child or adolescent diagnosed with depression 

has several treatment options. Psychotherapy alone is the recommended first line option 

in youth with mild depression. However, an antidepressant may be the only treatment 

option available in cases of severe or complicated depression where psychotherapy may 

not be a timely option, or when psychotherapy is not available or declined by the patient 

and family.126 Though two SSRIs are approved for the treatment of depression in children 

and adolescents, and are recommended by treatment guidelines, the preceding review 

demonstrate significant limitation in the existing evidence. Additionally, depression in 

children is difficult to treat due to the episodic nature of the condition and lack of 

immediate response with available treatments (pharmacotherapy or psychotherapy). 

Fluoxetine, is generally considered to have some treatment benefit, 107,127 but the 

evidence from RCTs show that only 47%-71% of children and adolescents respond to 



33  

acute treatment with an antidepressant, 11,13-17 leaving some vulnerable to worsening 

depression. 

Uncertainty surrounding antidepressant efficacy, the duration of time needed to 

achieve a therapeutic dose, and a provider’s desire to prevent serious sequalae of 

depression are factors that have contributed to one of two problems in community 

settings. The first being antidepressant augmentation before there has been sufficient 

treatment exposure to observe a response, i.e., early augmentation. Antidepressant 

augmentation with other psychotropic medications has limited evidence of efficacy and 

combinations, specifically involving antipsychotics, has been associated with serious 

cardio-metabolic effects, including diabetes and weight gain.79 Second, children and 

adolescents who are unlikely to respond to an antidepressant may continue to receive an 

antidepressant as the provider tries different options, placing the child or adolescent at 

risk of prolonged depression and potential self-harm. Early response prediction, 

distinguishing soon after initiation those likely to respond to an antidepressant, can 

influence early treatment and re-evaluation decisions to improve health outcomes. 

Translating such evidence of early response prediction to real world clinical practice 

settings can be used to better understand real world clinical practice and improve 

outcomes among youth diagnosed with depression. 

2.3.2 Key gaps in the literature 

Motivating this dissertation research, is the fact that a clinicians’ therapeutic 

decisions are influenced by symptom monitoring over the course of care. While research 

in adults has linked early symptom improvement in individual symptoms with 

antidepressant response,128 this remains a key gap in antidepressant research in children 
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and adolescents. Specifically, the combination of symptoms, the magnitude of early 

symptom change, or the timing of symptom change that predict response is unknown. 

There is also limited to no evidence investigating how to translate treatment response 

prediction obtained from RCTs to real world settings to facilitate our understanding of 

real-world clinical practice. A main barrier has been that information from depression 

rating scales (such as the Children’s Depression Rating Scale – Revised or Clinical 

Global Impression scale) used to measure treatment response in RCTs are not available in 

real-world data. This dissertation research sought to fill these gap by 1) developing 

predictive models to identify the combination and magnitude of early symptom changes 

that predict acute and sustained treatment response in children and adolescents diagnosed 

with depression, and 2) implementing CSMI to estimate the response prediction model 

developed using RCT data in real world data in order to evaluate the association between 

predicted response and real world clinical practice among adolescent receiving care in 

community settings. 
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3 AIM 1: EARLY IMPROVEMENT IN DEPRESSIVE SYMPTOMS AS A 

PREDICTOR OF TREATMENT RESPONSE AMONG CHILDREN AND 

ADOLESCENTS IN THE UNITED STATES: A BAYESIAN ANALYSIS 

3.1 Abstract 

Background: More than 40% of youth diagnosed with depression do not respond to 

treatment. Knowing early in treatment those not likely to respond could inform a 

therapeutic change and minimize exposure to ineffective medicines. Empirical evidence 

of early symptom improvement that predicts subsequent response is lacking.  

Objectives: To identify the symptom(s) and the magnitude of symptom change in the 

first 6 weeks of treatment that predicts response at 12 weeks.  

Methods: We used patient-level data from 602 children and adolescents (ages 7-17) 

diagnosed with depression from four pediatric antidepressant randomized clinical trials. 

We included children and adolescents who a) received treatment with fluoxetine, 

duloxetine, cognitive behavioral therapy (CBT) or combination CBT and fluoxetine, b) 

completed 12 weeks of follow-up and c) were enrolled in the US. The Children’s 

Depression Rating Scale Revised baseline to 6-week change in mood, somatic, subjective 

and behavioral symptom scores were the primary predictors. Other predictors were 

baseline psychiatric comorbidities, psychotropic medication use, family history of 

depression, recurrent depression, and demographic factors. The primary outcome is 

treatment response, defined as a clinical global impression-severity [CGI-S] score ≤2 at 

week 12. A Bayesian logistic regression analysis was performed using a split-sample 

approach: 70% training and 30% validation. Analysis of the training dataset assumed 

non-informative priors for the regression parameters. The posterior parameters from the 
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trained model were the priors in the validation step. Sensitivity, specificity and area under 

the curve assessed predictive performance. 

Results: Approximately 47% were responders at week 12. Responders had a significantly 

greater absolute mean change in symptoms from baseline to week 6 relative to non-

responders: mood (-7.8 vs. -5.2), somatic (-7.8 vs. -4.6), subjective (-4.0 vs. -2.7), and 

behavioral (-6.4 vs. -3.9). Baseline CGI-S and changes in mood and somatic symptoms 

predicted response at week 12. Those with more severe depression at baseline (OR: 0.66; 

95% credible interval [CI]: 0.48 -0.90) and less improvement in symptoms [mood (OR: 

0.89; 95% CI 0.84-0.94); somatic (OR: 0.88; 95% CI: 0.84-0.93)] had a lower odds of 

response. Those accurately predicted to respond had a baseline to week 6 mean decrease 

of -9.2 (56%) and -8.9 (46%) in mood and somatic symptoms, respectively. In the 

validation dataset the AUC, sensitivity and specificity was 0.66, 63% and 64%, 

respectively. 

Conclusions: The findings suggest that monitoring mood and somatic symptoms in the 

six-weeks after treatment initiation could reduce prolonged exposure to ineffective 

treatment among youth seen in real world practice settings. If insufficient improvement in 

mood and somatic symptoms are not observed within six weeks, a therapeutic change 

may be warranted. 
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3.2 Introduction 

An estimated 2%-12% of children and adolescents , ages 3 -17, are diagnosed 

with depression in the United States (US).1-3,129 Childhood depression, a serious recurrent 

mental disorder, is associated with significant morbidity, functional impairment in school 

and social settings, deliberate self-harm, and an increased likelihood of depression and 

other psychiatric conditions in adulthood.4,5 

Psychotherapy alone is the recommended first line treatment for children and 

adolescents with mild depression. Selective serotonin reuptake inhibitors (SSRIs) are 

recommended first-line pharmacotherapy for moderate to severe depression, particularly 

in situations where psychotherapy may not be a timely option, is not available, or is 

declined by the patient and/or family.6,7  Only two SSRIs –fluoxetine8 and escitalopram9 

–have a Food and Drug Administration (FDA) approved indication for Major Depressive 

Disorder (MDD) in children and/or adolescents. Other SSRIs and serotonin–

norepinephrine reuptake inhibitors approved for MDD treatment in adults such as 

paroxetine, duloxetine, and sertraline, often are prescribed ‘off-label’ in children and 

adolescents diagnosed with depression.10 Fluoxetine is generally considered to have the 

best evidence for efficacy in the treatment of MDD in children and adolescents11,12, and is 

the most commonly prescribed antidepressant in outpatient settings.7 However, evidence 

from randomized controlled trials (RCTs) show that only 47%-71% of children and 

adolescents respond to acute treatment with an antidepressant.11,13-17 This means that 

some children and adolescents with depression in community outpatient settings may be 

vulnerable to worsening symptoms, raising safety concerns. 5,6 Additionally, current 

treatment practices such as ‘early augmentation’ before sufficient treatment exposure to 
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observe a response, or dose increases higher than the therapeutic effective dose130  also 

places youth at risk of serious side effects due to high doses and concurrent psychotropic 

medication use. 

Given the limited efficacy and safety concerns, identifying as early as possible 

who is likely to respond to treatment is paramount as this information can be used to 

guide the therapeutic approach to optimize treatment outcomes. Currently there is 

insufficient empirical evidence in children and adolescents to distinguish responders from 

non-responders early in treatment.  Research in children and adolescents shows that 

certain symptoms (e.g., mood) improve earlier and at a greater magnitude than 

others.20,22,23  We build on this evidence by using individual patient level RCT data to: 1) 

identify the symptom(s) and 2) determine the magnitude of change in symptom(s) in the 

first six weeks of treatment that predict  response at 12 weeks. We hypothesize that 

improvement in symptom(s) of depression (i.e. mood, subjective, somatic and behavior) 

within six weeks of treatment initiation will distinguish children and adolescents likely to 

respond. 

3.3 Methods 

Data Sources 

Pooled individual patient-level data from one government and three industry 

sponsored RCTs evaluating the use of antidepressant and/or psychotherapy in the 

treatment of moderate to severe depression in children and/or adolescents was used in 

this study. These include the treatment for adolescents with depression study (TADS) 

funded by the National Institute for Mental Health (NIMH), and the F1J-MC-HMCL 

(HMCL), F1J-MC-HMCK (HMCK), and B1Y-MC-HCJE (HCJE) RCTs funded by Eli 
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Lilly. Data for TADS was obtained from the National Database for Clinical Trials 

Related to Mental Illness (NDCT), a repository of the NIMH Data Archive (NDA) [NDA 

collection ID: 2145; ClinicalTrials.gov: NCT00006286]. NDCT is a collaborative 

informatics platform that provides a national resource to support and accelerate discovery 

related to clinical trial research in mental health through sharing of human subject data 

from all clinical trials funded by the institute.131 Data for the three industry sponsors 

studies was obtained from ClinicalStudyDataRequest.com, a consortium of sponsors and 

funders that provide a platform for sharing patient-level data from clinical studies.132 

HMCL and HMCK are registered on clinicaltrials.gov: NCT00849693 and  

NCT00849901; HCJE is not registered. 

TADS evaluated the efficacy of fluoxetine only (10-40 mg/d, n=109), a 

combination of fluoxetine (10-40 mg/d) plus cognitive behavioral therapy (CBT; n=107), 

or CBT only (n=111) compared to placebo (n=112) in 439 adolescents ages 12-17 years 

for up to 18 weeks (i.e. acute and continuation phases of the trial).11 The purpose of 

HMCL was to evaluate the efficacy and safety of duloxetine over 36 weeks. A total of 

463 patients (age 7-17) were randomized to receive duloxetine 60mg/d (n=108), 

duloxetine 30mg/d (n=116), fluoxetine 20mg/d (n=117) or placebo (n=122). 94 HMCK 

also evaluated the efficacy of duloxetine in a 36-week long study in children and 

adolescents ages 7-17. A total of 337 patients were randomized to duloxetine (60-120 

mg/d, n=117), fluoxetine (20-40 mg/d, n=117) or placebo (n=103). 93 Lastly, HCJE 

evaluated the efficacy of fluoxetine in 219 children and adolescents ages 8-17. Patients 

were randomized to receive fluoxetine (20mg/d, n=110) or placebo (n=110).15 
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The major assessment time points of interest were baseline, week 6 and week 12. 

For data harmonization, we used information within one week of the time point of 

interest if the RCT’s schedule did not permit a visit at these time points. We assumed that 

the one-week difference in measurement would introduce minimal bias. 

Study Sample 

The study sample included children and adolescents ages 7-17 who were 

diagnosed with depression. We included those who a) received treatment with fluoxetine, 

duloxetine, CBT or both CBT plus fluoxetine, b) completed 12 weeks of follow-up, and 

c) were a US-enrolled participant. Children and adolescents randomized to receive 

treatment with placebo were excluded as our focus is on predicting response to active 

treatment. The goal was not to determine if predictors of response with active treatment 

differed from predictors of response with placebo. Children and adolescents who did not 

complete at least 12 weeks of follow-up were also excluded because response status was 

not evaluable. We also excluded those enrolled in the RCTs at international location to 

maintain applicability of the predictive model to children and adolescents in the US. This 

study was approved by the Institutional Review Board at the University of Maryland 

Baltimore (Protocol #: HP-00084134). 

Study Measures 

Primary predictors 

The primary predictors of interest were changes in depressive symptoms from 

baseline to week six as measured by the Children Depression Rating Scale Revised 

(CDRS-R). The CDRS-R, a clinician-rated 17-item instrument, is a depression rating 
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scale with good reliability, validity, and sensitivity,  and is commonly used in RCTs to 

evaluate changes in depressive symptoms.117. The scale has high internal consistency in 

cross-sectional samples, good interrater reliability and a stable test-retest reliability.116,133 

Of its 17 items, 14 are rated based on the child or parent report, and 3 items are based on 

the clinician’s assessment of the child’s nonverbal behavior. The total score ranges from 

17 to 113 and a scores ≥40 is indicative of depression and a scores ≤28 is defined as 

remission (i.e., minimal or no symptoms). 

The individual items of CDRS-R define specific symptom subscales.117,134 Based 

on clinical experience and theory, Poznanski et al117, the developers of the CDRS-R, 

defined four symptoms subscales as mood (i.e., depressed feeling, depressed facial affect, 

irritability, excessive weeping), somatic (i.e., appetite disturbance, sleep disturbance, 

excessive fatigue, listless speech, hypoactivity, physical complaints), subjective (i.e., low 

self-esteem, excessive guilt, morbid ideation, suicide ideation) and behavior (i.e., 

difficulty having fun, social withdrawal, impaired school work). Consistent with the RCT 

literature,15,83,84  subscale scores were calculated by summing the individual items within 

each subscale. The total possible subscale score ranges are: 4-28 (mood and subjective), 

6-36 (somatic), and 3-21 (behavior). The absolute and percent change in each symptom 

was calculated from baseline to week 6. 

Other predictors 

Other key predictors of interest included demographic and clinical characteristics. 

Demographic characteristics were age at enrollment in the RCT (categorized as children 

ages 7-11 or adolescents ages 12-17), gender and race. Clinical characteristics measured 

at baseline across all studies include treatment assignment (fluoxetine, duloxetine, CBT 
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only, or CBT and fluoxetine), first episode depression, family history of depression, use 

of psychotherapy, use of psychotropic medications (i.e., stimulants, mood stabilizers, 

anxiolytics, sedative/hypnotics, or other antidepressant), CGI-S score, and an indicator 

for trial. Comorbid psychiatric conditions measured at baseline, and between week one 

and week six include anxiety or panic disorder, conduct or oppositional defiant disorder, 

attention deficit hyperactivity disorder, suicidal ideation or deliberate self-harm, 

substance use disorder or abuse, post-traumatic stress disorder or acute stress disorder, 

and manic disorder, schizophrenia, personality disorder, bipolar disorder, or psychosis.  

Average weekly fluoxetine equivalent dose from baseline to week six was also measured. 

Duloxetine dose was converted to fluoxetine equivalent dose using previously published 

conversion factors.135,136  

Study outcome 

The primary outcome of interest was response at week 12 defined as a score of 1 

or 2 on the Clinical Global Impression Severity Scale (CGI-S).  To capture those who 

achieved at least a partial response (i.e. mildly ill), consistent with the RCTs137, we also 

defined a secondary outcome as partial response (CGI-S score ≤3; i.e., normal, not ill at 

all, borderline mentally ill or mildly ill).  The CGI, developed for NIMH-sponsored 

psychopharmacology clinical trials is a brief, stand-alone clinician assessment of the 

patient’s global functioning prior to and after initiating a study treatment.118,119 The CGI 

is consistently used in RCTs and is sensitive to distinguishing treatment severity and 

response. 120-122 The CGI-S is a component of the CGI that measures changes in the 

severity of psychopathology. The CGI-S is comprised of one question: “Considering your 

total clinical experience with this particular population, how mentally ill is the patient at 
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this time?” The clinician’s response is rated on a 7-point scale from 1 (normal, not ill at 

all) to 7 (amongst the most extremely ill patients).119  

Statistical Analysis 

Handling missing data 

Data were inspected to determine the proportion of missingness within each trial. 

Within RCT imputation was conducted to handle missing data. Using the rule of thumb 

5% threshold,138 mean imputation was applied for predictor variables with less than 5% 

missing data. Multiple imputation by fully conditional specification was used to impute 

values for predictor variables with 5% or more missing data.139,140 Appendix 7.1 details 

the proportional missingness for variables that required imputation within each trial. 

Descriptive analysis  

We compared the characteristics of children and adolescents in the study sample 

overall and stratified by RCT. We also assessed the characteristics and mean change in 

symptoms, overall and stratified by RCT between responders and non-responders.  We 

used a chi-square test for categorical variables and a student’s t-test for continuous 

variables. 

Predictive analysis 

Bayesian analysis 

A Bayesian logistic regression analysis 24, was performed to predict response as a 

function of baseline to week 6 change in symptoms and other predictors. Bayesian 

analysis was implemented as this is an inferential approach that allows for the inclusion 
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of prior knowledge and of uncertainty in the parameters. The Bayesian implementation of 

the logistic model is presented in Equation 3.1. 

  

For internal validity, the pooled RCT dataset was randomly split into a training 

(70%) and a validation (30%) dataset. The training dataset was used to develop the 

predictive model assuming non-informative priors (i.e. P (𝛽) ~ uniform (15,15)). Two 

independent analyses were conducted. The first included only baseline to week 6 

symptom change as predictors when no other factors are considered (limited model). The 

second included all primary and other predictors described above (full model). During 

development of the predictive model in the training dataset parameters with a 95% equal-

tail credible interval (CI), the 2.5th and 97.5th percentile of the posterior distribution, 

including zero were removed from the model. The Deviance Information Criterion (DIC) 

was used to assess model fit (lower scores indicate better fit).  

The mean and uncertainty of the posterior distribution for each parameter estimate 

from the trained logistic regression model was then used to obtain the posterior 

probability of response for trial participant in the validation dataset.  The probability of 

response (P) was estimated as shown in Equation 3.2 below, where the general form λ is 

described in Equation 3.3. Xk represents all other predictors, and βk is a coefficient vector 

of the covariates; the corresponding coefficients (β) is the mean (and uncertainty) of the 

posterior distribution of parameters from the training dataset. 

 

 

Equation 3.1 (Bayesian implementation of the logistic model): 

𝑦 ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝜇); 𝑙𝑜𝑔𝑖𝑡(𝜇) = 𝜆;  𝑃𝑟𝑖𝑜𝑟𝑠: 𝛽 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝑚𝑗 , 𝜏𝑗) 
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Equation 3.2: P = 
𝑒𝜆

1+ 𝑒𝜆
      

Equation 3.3: λ = 𝛽0 + 𝛽1 ∆𝑀𝑜𝑜𝑑 + 𝛽2 ∆𝑆𝑜𝑚𝑎𝑡𝑖𝑐 + 𝛽3 ∆ 𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 +

𝛽4 ∆𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟 +  𝛽𝑘𝑋𝑘 

Receiver-operating characteristics (ROC) area-under-the-curve (AUC) was used 

to evaluate predictive accuracy using AUC (95% CI), sensitivity and specificity in the 

validation dataset. 

Estimating the magnitude of symptoms change 

Using the validation dataset, we compared the baseline to week six change in 

symptoms by posterior predicted probability of response. In this analysis, we assumed a 

constant (i.e. the mean) for all other predictors in the model. We also estimated the mean 

symptom change from baseline to week 6 in those accurately predicted as responders.  

Sensitivity analyses 

 Several sensitivity and subgroup analyses were conducted to test the rigor of the 

findings. First, we specified priors with a normal distribution and large variance (µ=0, 

σ2=1,000) and Cauchy distribution [intercept ~ Ca (0,10), parameters ~ Ca (0,2.5)] to test 

the sensitivity of the priors and to assess the impact on the posterior distribution of the 

parameters in the trained model. Second, we excluded those who received any CBT to 

identify predictors of response for those only receiving active antidepressant treatment. 

Third, we included all children and adolescents enrolled in the RCTs at international 

locations as well as those in the US, to test whether geographical differences changed the 

predictors. Fourth, we conducted analysis among those without suicidal ideation or 



46  

behaviors at baseline to determine if the predictors differ given the importance of suicidal 

ideation or behaviors in treatment decisions, and the adverse effects of suicidality 

associated with antidepressant use. Finally, we limited the study sample to adolescents 

(ages 12-17) who received treatment with fluoxetine to identify predictors in the age 

subgroup with the highest prevalence of depression (i.e. adolescents) who received 

treatment with the antidepressant that has the best evidence of efficacy (i.e. fluoxetine). 

Additional technical details of the analytical methods are described in Appendix 7.1. All 

analysis was conducted using SAS 9.4, Cary NC.  

3.4 Results 

Characteristics of the study sample  

Figure 3.1. Flow chart of analytical sample 

Of the 1,458 children and adolescents 

enrolled in all four RCTs, 602 were 

included in the study sample (Figure 

3.1). Appendix 7.2-7.4 details the 

characteristics of the 856 children and 

adolescents who were excluded due to 

loss to follow-up, treatment with 

placebo, and enrollment outside of the 

US. Generally, there were minimal 

differences between those included and 

excluded from the analytical sample.       
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 Overall, the study sample was predominantly adolescents (n=493; 82%, mean 

age=14; SD=3), white (n=483; 80%), female (n=334; 56%) and were treated with 

fluoxetine (n=278; 46%). Appendix 7.5 compares characteristics across treatment. For 

416 (69%) who met criteria for enrollment in the RCT, this was their first episode of 

depression. More than half (n= 286; 53%) had a family history of depression. At baseline, 

20% (n=121) reported past psychotropic medication use, 16% (n=94) reported past use of 

psychotherapy, and 41% (n=248) reported comorbid psychiatric diagnoses. 

Approximately 47% (n=283) were responders (CGI-S≤2) at week 12, and three-quarters 

were partial (CGI-S≤3) responders (n=453; 75%) [Table 3.1].  

Table 3.1. Characteristics of study sample, overall and by trial (N=602)  
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Table 3.1. Continued 

Demographic characteristics, psychiatric diagnosis, and psychiatric treatment 

were generally similar among responders and non-responders. Children and adolescents 

treated with CBT and fluoxetine were more commonly responders than non-responders 

(19% vs. 12%). Relative to non-responders, those who responded had a greater absolute 

mean change in symptoms, in particular mood and somatic, from baseline to week six: 

mood (-7.8; SD=4.5 vs. -5.2; SD=4.4), somatic (-7.8; SD=4.9 vs. -4.6; SD=4.7), 
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subjective (-4.0; SD=3.5 vs. -2.7; SD=3.6), and behavioral (-6.4; SD=3.5 vs. -4.0; 

SD=3.9) [Table 3.2].  

Table 3.2. Overall comparison of characteristics of responders (CGI-S≤2) and non-

responders at week 12 
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Symptoms and magnitude of change predicting treatment response (CGI-S ≤2) 

Mood (OR: 0.90; 95% credible interval [CI]: 0.85-0.95) and somatic (OR: 0.89; 

95% CI: 0.84-0.93) symptoms were significant predictors of response in the limited 

model using the training dataset. However, the full model showed that baseline CGI-S 

score along with changes in mood and somatic symptoms predicted response at week 12. 

There was a 33% decrease in the odds of response per unit increase in CGI-S score (more 

severe depression) at baseline (OR: 0.66; 95% CI: 0.48-0.90).  There was a lower odds of 

response per unit change in symptoms (i.e. less improvement decreased the odds of 

response); mood (OR: 0.89; CI 0.84-0.94) and somatic (OR: 0.88; 95% CI: 0.84-0.93). 

The full and limited model had a similar predictive accuracy (AUC=0.66; 95% CI: 0.66-

0.66 vs. AUC=0.65; 95% CI: 0.65-0.65), and the sensitivity and specificity of both 

models was 63% and 64%, respectively, in the validation dataset (Table 3.3). 

Table 3.3. Odds ratio, AUC, sensitivity, and specificity of predictive models 
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For each individual, we estimated the posterior predicted probability of response 

using the full model. Figure 3.2 graphically displays the posterior predicted probability of 

response by mean change in each symptom, assuming the mean for all other variables in 

the full model. For example, in the comparison of posterior predicted probability of 

response and baseline to week 6 change in mood, we assumed that each individual had 

the sample average change in somatic (mean= -5.72) and sample average baseline CGI-S 

(mean= 4.58). For somatic, we assumed average change in mood (mean= -6.15).  There 

was a negative relationship between the baseline to week 6 change in mood and somatic 

symptoms and predicted response. The greater the improvement in mood and somatic 

symptoms the higher the probability of response.  There was only a slight difference in 

the predicted probability of response given baseline to week 6 change in mood or somatic 

symptoms.  

Figure 3.2. Change in symptoms by predicted probability of response in the validation 

dataset 
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Figure 3.3 shows the distribution of baseline to week 6 change in mood and 

somatic symptoms among those accurately predicted as responders and partial 

responders. Those accurately predicted to respond had a baseline to week six mean 

decrease of -9.2 (56% decrease) and -8.9 (46% decrease) in mood and somatic symptoms, 

respectively. Appendix 7.6 shows the distribution of change in symptoms stratified by 

baseline CGI-S score.  

Figure 3.3. Distribution of baseline to week 6 change in mood and somatic symptoms 

among those accurately predicted as responders and partial responders 

The findings of the sensitivity analyses were consistent with the primary analyses 

(Table 3.4). However, baseline to week 6 change in behavioral symptoms were also a 

significant predictor of response when including all children and adolescents, both in the 

US and internationally.  
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Table 3.4. Odds ratio, AUC, sensitivity, and specificity of predictive models in 

sensitivity analysis using the full model 

 

Symptom and magnitude of change predicting partial response (CGI-S ≤3) 

With the limited model, baseline to week 6 change in somatic symptoms (OR: 

0.85; 95% CI: 0.81-0.90) predicted partial response.  When considering all characteristics 

(full model), baseline CGI-S score, age 12-17, and CBT and fluoxetine combination 

treatment, in addition to baseline to week 6 change in somatic symptoms, also predicted 

partial response at week 12. Those with less improvement in somatic symptoms (OR: 

0.83; 95% CI: 0.78-0.87), more severe depression at baseline (OR: 0.50; 95% CI: 0.36-
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0.71) and age 12-17 (OR: 0.21; 95% CI: 0.09-0.45) were less likely to have partial 

response. Relative to other treatments, those in the CBT and fluoxetine combined 

treatment arm (OR: 2.95; 95% CI:1.40-6.75) were more likely to have partial response 

(Table 3.3).  The full model had slightly better predictive accuracy than the partial model 

(AUC=0.65; 95% CI: 0.63-0.65 vs. AUC=0.61; 95% CI: 0.61-0.61); Table 3.3. Those 

accurately predicted as partial responders has a 40% (mean= -7.9) decrease in somatic 

symptoms from baseline to week 6 (Figure 3.3). 

3.5 Discussion 

The main finding from this study is that the degree of baseline severity of 

depression and magnitude of change in mood and somatic symptoms in the first six 

weeks after initiating treatment are significant predictors of treatment response at 12 

weeks. The predictive models achieved moderate accuracy (~ 65%). The magnitude of 

symptom change needed to predict response at 12 weeks is approximately a 56% 

decrease in mood and 46% decrease in somatic scores from baseline to week 6. 

Predictors of partial response to antidepressant treatment is approximately a 40% 

decrease in somatic symptoms along with age, treatment with CBT and Fluoxetine, and 

baseline depression severity. There are several clinical implications of the findings. 

 The specificity in the type and magnitude of symptom changes early in the course 

of treatment that predict response can be used guide therapeutic decision making to 

optimize treatment. Our findings corroborate prior studies showing that a 50% reduction 

in overall depressive symptoms as early as four weeks after treatment initiation is 

associated with remission by week 12.141 The present study adds to this existing empirical 

evidence by identifying the specific clinical symptoms (i.e. mood and somatic) and the 
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magnitude of change needed to achieve response. Clinical practice guidelines do not offer 

specific guidance on how long after treatment initiation one might consider a re-

assessment of current treatment plan to maximize response. Our findings suggest that it is 

important to re-assess prior to 12- weeks, possibly as early as 6 weeks, in order to 

evaluate the likelihood of response given improvements in mood and somatic symptoms. 

For those unlikely to response, who have not demonstrated sufficient improvement, early 

re-assessment can help tailor treatment to optimize the likelihood of response. Potential 

considerations could include re-assessing medication adherence, psychotherapy needs, 

future medication changes, or the diagnosis and/or issues, such as substance use or 

trauma, which might impact response.  

The timing and magnitude of symptom improvement can be used as a benchmark 

to reduce unnecessary exposure to multi-drug regimens. Research in community practice 

settings shows that antidepressant treatment is augmented in as many as 45% children 

and adolescents. Those prescribed an antidepressant receive ≥ 2 co-prescribed 

psychotropic medications, most often an antipsychotic.74,79  Such practice is not 

supported by clinical evidence of efficacy.  However, there are data to show that 

antidepressant in combination with an antipsychotic is  associated with increased risk of 

new onset diabetes and weight gain.79 Children and adolescents who show a reduction of 

56% in mood symptoms and 46% in somatic symptoms within six weeks are likely to be 

treatment responders. This suggests that treatment augmentation prior to this time among 

those showing sufficient improvement in these symptoms might be premature and could 

expose these children and adolescents to the potential risks associated with psychotropic 

polypharmacy.  



56  

Considering depression severity at treatment initiation, in addition to changes in 

mood and/or somatic symptoms is critical for both achieving partial or full response. 

Those with more severe depression at baseline may require a greater magnitude of 

absolute symptom improvement in the first six weeks of treatment to achieve response. In 

fact, research shows that less than 10% of adolescents who have severe depression at 

baseline show early signs of improvement.142 Future research on symptom trajectories 

and novel approaches to accelerate and improve depression response for individuals with 

high baseline severity is needed.  

Our results should be interpreted in light of several limitations. Adherence to 

study treatment may likely impact the probability of response. Our findings are based on 

children and adolescents within a controlled RCT setting in which adherence to 

medication may be higher than the general population. Thus, application of our findings 

in community practice settings may require adequate adherence during the first six weeks 

of treatment. Our findings are based on changes in symptoms as measured by the CDRS-

R and it is possible that some clinicians do not use existing rating scales to guide 

treatment decisions. Nonetheless, the findings can be applied more generally as at least 

50% improvement in mood and somatic symptoms by week six.  Our primary analysis 

included children and adolescents who received monotherapy (i.e., antidepressant or CBT 

only) and combination therapy (i.e., both), and thus the findings may have been 

influenced by the inclusion of CBT treatment and/or combination treatment. Our 

sensitivity analysis excluding any CBT generated similar results, suggesting that our 

primary results are unlikely to be biased by the inclusion of CBT treated subjects.  In real 

world settings, considerations for depression severity at treatment initiation is needed, as 
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children and adolescents initially treated with combination therapy in community settings 

might have more severe depression. We did not compare children and adolescents 

receiving active treatment to those receiving placebo. It is possible the improvements 

observed could be similar to those who received placebo given the high placebo response 

rate observed in pediatric antidepressant RCTs.143,144 Younger age and lower baseline 

severity are associated with placebo response145, thus these factors may be considered 

when evaluating early symptom improvement in children and adolescents treated in 

community settings.  Approximately 38% of the study sample was treated with 

duloxetine, which is not approved for the treatment of depression in children and 

adolescents. Though sometimes used off-label in community settings, these findings do 

not lead us to recommend using duloxetine over other approved options. 

 In summary, our findings have implications for the monitoring of specific 

symptoms to guide treatment decisions in the management of depression in children and 

adolescents. Early improvement in mood and somatic symptoms distinguish those who 

are unlikely to respond to treatment and for whom other treatment strategies may be 

needed. Monitoring these symptoms and their trajectory can guide decisions about when 

to change a treatment regimen. This should aid in optimizing treatment in order to 

improve health outcomes of children and adolescents with depression who are cared for 

in outpatient practice settings. 
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4 AIM 2: PREDICTING SUSTAINED RESPONSE IN CHILDREN AND 

ADOLESCENTS DIAGNOSED WITH DEPRESSION IN THE UNITED 

STATED WHO RESPOND TO 12 WEEKS OF ACUTE TREATMENT 

4.1 Abstract 

Background: Between 20-60% of children and adolescents have a recurrence of 

depressive symptoms despite response to first-line acute treatment. Identifying key 

factors that predict who is likely to sustain response after acute treatment can inform 

therapeutic decision-making to reduce symptom recurrence and enhance treatment 

response. 

Objectives: Among children and adolescents who respond to 12 weeks of acute 

treatment, 1) determine the symptom(s) and the magnitude of symptom change from 

baseline to week 12 that predict sustained response at week 18, and 2) determine whether 

incremental versus overall symptom change provides better predictive accuracy.  

Methods: This study included 399 children and adolescents (ages 7-17) diagnosed with 

depression who enrolled in one of four pediatric antidepressant randomized clinical trials. 

The analytic sample were those who a) received treatment with fluoxetine, duloxetine, 

cognitive behavioral therapy (CBT) only or combination CBT plus fluoxetine, b) 

responded to a 12-week trial of treatment, c) completed 18 weeks of follow-up and d) 

were enrolled in the trial in the United States. The Children’s Depression Rating Scale 

Revised six-week incremental and overall change in mood, somatic, subjective and 

behavioral symptom scores from baseline to week 12 were the primary predictors. A 

clinical global impression-severity score ≤2 at week 18 defined the primary outcome of 

sustained response. A Bayesian logistic regression analysis using a split-sample approach 
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(i.e., 70% training and 30% validation) determined the best predictive model. Analysis of 

the training dataset assumed non-informative priors for the regression parameters. The 

posterior parameters from the trained model were used to estimate the predicted 

probability of response in the validation dataset. Sensitivity, specificity, and area under 

the curve assessed predictive accuracy. 

Results: Approximately 68% (n=272) had sustained treatment response at week 18. 

Children and adolescents with less overall improvement in mood (OR: 0.92; 95% CI; 

0.87-0.98) and somatic (OR: 0.92; 95% CI; 0.86-0.95) symptoms from baseline to week 

12 had a lower odds of sustained response. Baseline to week 6 (OR: 0.92; 95% CI; 0.85-

0.98) improvement in mood, and baseline to week 6 (OR: 0.89; 95% CI: 0.83-0.95) and 

weeks 6 to 12 (OR: 0.91; 0.84-0.98) incremental change in somatic symptoms predicted 

sustained response. The magnitude of symptom changes among those accurately 

predicted as sustained responders was an average 50% decrease in mood from baseline to 

week 6, and a 47% decrease in somatic from baseline to week 6 followed by a 7% 

decrease from week 6 to week 12. Incremental symptom changes had better predictive 

accuracy than overall symptom change (AUC: 0.64 vs. 0.61; sensitivity: 0.69 vs. 0.69; 

specificity: 0.62 vs. 0.59). 

Conclusions: Incremental changes in mood and somatic symptoms during acute 

treatment are significant predictors of sustained treatment response. These symptom 

trajectories early in the acute treatment phase can guide therapeutic decisions to 

maximize the potential for sustained response. 
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4.2 Introduction 

Among adolescents, depression is the leading cause of disability and suicide is the 

third leading cause of mortality.27 In children and adolescents, the median duration of a 

depressive episode ranges from 2 to 8 months. Approximately 10%, have spontaneous 

recovery, marked by the absence of symptoms and return to full functioning within three 

months from the first episode of depression, and over 60% recover within one year of 

their first episode. However, 70% experience a relapse (re-emergence or worsening 

depressive symptoms prior to recovery) within 1 to 2 years and 20-60% experience a 

recurrent episode (the re-emergence of symptoms during recovery) within 5 years.6,37,38 

The chronic relapsing nature of the depression results in significant and prolonged 

impairment as with each repeated episode the symptoms are more severe and the 

likelihood of treatment response is diminished.146  

Guidelines for treating depression distinguish three phases; acute (~8 to 12 

weeks), continuation (~16 weeks to 9 months after the acute phase) and maintenance (~6 

months or longer after the continuation phase).56,147,148 Each phase has a specific 

treatment goal aimed at improving symptoms and reducing the likelihood of a recurrence 

or relapse. Achieving response (i.e. significant reduction in depressive symptoms) is the 

goal of the acute treatment phase. In the continuation phase, the goal is to consolidate the 

response or partial response achieved during the acute phase in order to achieve 

remission (minimal or few symptoms, but not fully functional recovery) and avoid 

relapse. Lastly, maintenance treatment occurs during a period of recovery with the goal 

of avoiding recurrence.6,19,50,51,56,148 Despite these guidelines and treatment goals, little is 

known regarding effective treatments during the continuation phase or maintenance phase 



61  

to prevent depression recurrence or relapse,146 and empirical evidence to distinguish 

children and adolescents who are likely to continue responding, potentially achieving 

remission, from those who are likely to experience a relapse during the continuation 

phase is also lacking. 

Existing research on the efficacy of antidepressant treatment from randomized 

clinical trials (RCTs) in reducing depressive symptoms often focuses on the baseline to 

end of trial mean change in overall symptoms. However, the focus on overall symptoms 

may mask improvement in individual symptoms or symptom clusters that are indicative 

or predictive of response.103,149 This limits our ability to identify the target symptoms that 

are instrumental in achieving and sustaining response. Additionally, studies investigating 

specific symptoms or symptom clusters are largely focused on the acute treatment phase 

(~ 12 weeks), 20,141  and there is little evidence to determine which symptoms, the 

magnitude of symptom change, or the timing of symptom change that predict sustained 

response during the continuation phase. This information could guide decision-making 

after the acute phase regarding re-evaluation of treatment or diagnosis in order to sustain 

response, potentially achieving remission, and to maximize health outcomes and reduce 

relapses of depressive symptoms among youth treated in community settings.   

Building on evidence of the importance of symptom improvement early (i.e. 

within 6 to 12 weeks) in treatment ,141,147,150 we aim to develop a predictive model for 

sustained response at week 18 as a function of symptom changes observed during the first 

12 weeks of treatment. We define a duration of 18 weeks to align or findings with the 

continuation phase of treatment. We ask two research questions. First, which symptoms 

and how much change in symptoms during acute treatment (i.e. 12 weeks) predict 
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sustained response at 18 weeks? This information can inform a critical point in 

therapeutic decision-making after the acute phase as to whether treatment should be re-

assessed to maximize the likelihood of sustaining response. Second, are six-week 

incremental symptom changes (from baseline to week 6, and week 6 to week 12) or 

overall changes (baseline to week 12) better predictors of sustained response at week 18? 

This information can be used to guide and inform the frequency of symptom monitoring 

to maximize the potential to identify children and adolescents that are likely to sustain 

response. 

4.3 Methods 

Data Sources 

We analyzed pooled individual patient-level data from four RCTs evaluating 

treatment efficacy for moderate to severe pediatric depression. The RCTs are the 

Treatment for Adolescents with Depression Study (TADS), F1J-MC-HMCL (HMCL), 

F1J-MC-HMCK (HMCK), and B1Y-MC-HCJE (HCJE). TADS was funded by the 

National Institute for Mental Health (NIMH) and data are available from the National 

Database for Clinical Trials Related to Mental Illness (NDCT), a repository of the NIMH 

Data Archive (NDA) [NDA collection ID: 2145; ClinicalTrials.gov: NCT00006286].131  

TADS evaluated the efficacy of fluoxetine only (10-40 mg/d, n=109), a combination of 

fluoxetine (10-40 mg/d) plus cognitive behavioral therapy (CBT)[n=107], or CBT only 

(n=111) compared to placebo (n=112) in 439 adolescents ages 12-17 years for up to 18 

weeks in a blinded acute and a non-blinded continuation phase.11 

ClinicalStudyDataRequest.com was used to obtain data for the three industry 

sponsored trials — HMCK, HMCL, and HCJE — funded by Eli Lilly.132  HMCL and 
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HMCK evaluated the efficacy and safety of duloxetine over 36 weeks in children and 

adolescents ages 7-17. In HMCL, 463 participants were randomized to one of four 

treatment arms: duloxetine 60mg/d (n=108), duloxetine 30mg/d (n=116), fluoxetine 

20mg/d (n=117) or placebo (n=122). 94 In HMCK, 337 participants were randomized to 

one of three treatment arms: duloxetine (60-120 mg/d, n=117), fluoxetine (20-40 mg/d, 

n=117) or placebo (n=103).93 HCJE evaluated the efficacy of fluoxetine in 219 children 

and adolescents ages 8-17. Participants were randomized to receive fluoxetine (20mg/d, 

n=110) or placebo (n=110).15 HMCL and HMCK are registered on clinicaltrials.gov 

(NCT00849693 and  NCT00849901); HCJE is not registered. 

The major assessment time points of interest were baseline and weeks 6, 12 and 

18. For trials that did not conform with this schedule, we used the nearest assessment 

within one week of the time point of interest. We assumed that the one-week difference 

in measurement would introduce minimal bias. 

Study Sample 

We included children and adolescents who a) received fluoxetine, duloxetine, 

CBT or CBT plus fluoxetine, as our focus is predicting response to active treatment, b) 

achieved at least partial response (Clinical Global Impression Severity Scale [CGI-S] 

score ≤3) after 12-weeks, c) completed the 18-week follow-up to ensure evaluable data to 

assess sustained response status, and d) were enrolled in the RCT in the United States 

(US).  This study was approved by the Institutional Review Board at the University of 

Maryland Baltimore (Protocol #: HP-00084134). 
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Study Measures 

Primary predictors 

The primary predictors of interest were a) six-week incremental symptom change 

from baseline to week 6 and week 6 to week 12 and b) overall symptom change from 

baseline to week 12. The Children Depression Rating Scale Revised (CDRS-R), a 

clinician-rated 17-item instrument depression rating scale, was used in all RCTs to 

evaluate changes in depressive symptoms.117 The CDRS-R measures four symptom 

subscales;  mood (i.e., depressed feeling, depressed facial affect, irritability, excessive 

weeping), somatic (i.e., appetite disturbance, sleep disturbance, excessive fatigue, listless 

speech, hypoactivity, physical complaints), subjective (i.e., low self-esteem, excessive 

guilt, morbid ideation, suicide ideation) and behavior (i.e., difficulty having fun, social 

withdrawal, impaired school work).117 Consistent with the RCT literature,15,83,84  subscale 

scores are calculated by summing the individual items within each subscale. The total 

possible subscale score ranges are: 4 to 28 (mood and subjective), 6 to 36 (somatic), and 

3 to 21 (behavior). The absolute and percent change in each symptom subscale was 

calculated for six-week incremental symptom changes from baseline to week 6 and from 

week 6 to week 12, and for overall symptom change from baseline to week 12. 

Other predictors 

Other predictors of interest included demographic and clinical characteristics. 

Demographic characteristics were age at enrollment in the RCT (categorized as children 

ages 7-11 or adolescents ages 12-17), gender and race. Clinical characteristics measured 

at baseline across all RCTs include treatment assignment (fluoxetine, duloxetine, CBT 

only, or CBT plus fluoxetine), recurrent depressive episode, family history of depression, 

CGI-S score, and an indicator for trial. Comorbid psychiatric conditions and psychotropic 
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medication or psychotherapy treatments were measured at baseline and between baseline 

and week 12. Psychotropic medications included stimulants, mood stabilizers, 

anxiolytics, sedative/hypnotics, or other antidepressants. Psychiatric conditions included 

anxiety disorder, panic disorder, conduct disorder, oppositional defiant disorder, attention 

deficit hyperactivity disorder, suicidal ideation, deliberate self-harm, substance use/abuse 

disorder, post-traumatic stress disorder, acute stress disorder, manic disorder, 

schizophrenia, personality disorder, bipolar disorder, or psychosis.  Average weekly 

fluoxetine equivalent dose 135,136 from baseline to week 6, and week 6 to week 12 for all 

study drugs was also included as a predictor. 

Study outcome 

The primary outcome of interest was a binary measure of sustained response at 

week 18 defined as a CGI-S score of 1 (normal, not ill at all) or 2 (borderline mentally ill). 

The CGI, developed for NIMH-sponsored psychopharmacology clinical trials is a brief, 

stand-alone clinician assessment of the patient’s global functioning prior to and after 

initiating a study treatment.118,119 The CGI-S is a component of the CGI that measures 

changes in the severity of psychopathology. The CGI-S is comprised of one question: 

“Considering your total clinical experience with this particular population, how mentally 

ill is the patient at this time?” The clinician’s response is rated on a 7-point scale from 1 

(normal, not ill at all) to 7 (amongst the most extremely ill patients).119  
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Statistical Analysis 

Handling missing data 

Within RCT imputation was conducted to handle missing predictor variables. 

Using the rule of thumb 5% threshold,138 mean imputation was applied for predictor 

variables with less than 5% missing data and multiple imputation by fully conditional 

specification was used to impute values for predictor variables with 5% or more missing 

data.139,140 Appendix 7.1 details the proportional missingness for variables that required 

imputation within each trial. 

Descriptive analysis  

Several descriptive analyses were conducted to compare the characteristics of a) 

children and adolescents in the study sample, overall and stratified by response status at 

week 12 (as defined in RCTs11,151 as full responders [CGI-S≤2] vs. partial responders 

[CGI-S=3]), and b) sustained responders relative to youth who did not sustain response at 

week 18, overall and stratified by RCT.  We used chi-square test, or students t-test to 

compare characteristics.  

Predictive analysis 

Bayesian Analysis 

Bayesian logistic regression analysis 24 was performed to predict sustained 

response as a function of the primary predictors, six-week incremental and overall 

symptoms changes, and of other predictors. A Bayesian approach was used because it is 

an inferential approach that allows for the inclusion of prior knowledge and of 
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uncertainty in the parameters. The Bayesian implementation of the logistic model is 

presented in Equation 4.1. 

 

For internal validity, the pooled RCT dataset was randomly split into a training 

(70%) and a validation (30%) dataset. The training dataset was used to develop the 

predictive model assuming non-informative uniform priors (i.e. 𝑃(𝛽) ~ uniform (15,15)). 

Two independent analyses were conducted. The first evaluated incremental symptom 

changes from baseline to week 6, and week 6 to week 12, and the second evaluated 

overall symptom change from baseline to week 12. Both models included all other 

predictors described above. During model development parameters with an 95% equal-

tail credible interval (CI), the 2.5th and 97.5th percentile of the posterior distribution, 

including zero were removed from the model. The Deviance Information Criterion (DIC) 

was used to assess model fit (lower scores indicate better fit).  

The posterior distribution (mean and uncertainty) for each parameter from the 

trained logistic regression models was used to calculate the posterior probability of 

sustained response for each participant in the validation dataset.  The probability of 

response was estimated as P= 𝑒𝜆/(1 + 𝑒𝜆);  where a general form of λ is described in 

Equation 4.2. 𝛽𝑘 is a coefficient vector of the covariates and the corresponding 

coefficients (β) is the mean (and uncertainty) of the posterior distribution of parameters in 

the training dataset.  Xk represents all other predictors.  

Equation 4.1 (Bayesian implementation of the logistic model): 

𝑦 ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝜇); 𝑙𝑜𝑔𝑖𝑡(𝜇) = 𝜆 =  𝑋𝜷;  𝑃𝑟𝑖𝑜𝑟𝑠: 𝜷 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝑚𝑗 , 𝜏𝑗) 
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Equation 4.2: λ = 𝛽0 + 𝛽1 ∆𝑀𝑜𝑜𝑑 + 𝛽2 ∆𝑆𝑜𝑚𝑎𝑡𝑖𝑐 + 𝛽3 ∆ 𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 +

𝛽4 ∆𝐵𝑒ℎ𝑎𝑣𝑖𝑜𝑟 +  𝛽𝑘𝑋𝑘 

Receiver-operating characteristics (ROC) area-under-the-curve (AUC) was used 

to evaluate predictive accuracy using AUC, sensitivity and specificity. Using the 

validation dataset, we estimated the six-week incremental and overall mean and percent 

change in symptoms among those accurately predicted as sustained responders.  

Sensitivity analyses 

 We tested the sensitivity of the priors in the training dataset to changes in 

uncertainty and evaluated predictors of sustained response in different subgroups of 

children and adolescents. First, we specified priors with a normal (µ=0, σ2=1,000) and 

Cauchy distribution [intercept ~ Ca (0,10), parameters ~ Ca (0,2.5)] to test the sensitivity 

of the priors and to assess the impact on the posterior distribution of the parameters in the 

trained model. Second, we excluded those who received CBT plus fluoxetine to identify 

predictors of sustained response among those receiving monotherapy. Third, we excluded 

youth receiving any CBT to estimate the prediction model among those receiving only 

pharmacotherapy (i.e. fluoxetine and duloxetine). Forth, we included all children and 

adolescents enrolled at international locations in addition to those enrolled in the US to 

test whether geographical differences changed the predictors. Fifth, we conducted 

analysis among children and adolescents without suicidal ideation or behaviors at 

baseline and during follow-up to determine if the predictors differ for those without these 

symptoms given the impact this may have on therapeutic decisions. Additional technical 

details of the analytical methods are described in Appendix 7.1. All analysis was 

conducted using SAS 9.4, Cary NC.  
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4.4 Results 

Characteristics of the study sample 

Table 4.1 shows the characteristics of the study sample, overall and stratified by 

response status at week 12. A total of 399 children and adolescents were included in the 

study sample. Of which, 63% (n=251) were responders (CGI-S≤2) at week 12. Overall, 

the sample was predominantly white (n=318; 80%), female (n=215; 54%), adolescents 

ages 12 -18 years (n=313; 79%), who had a family history of depression (n=209; 52%). 

Just under one-third (n=120; 30%) had psychotropic medication or psychotherapy prior 

to enrolling in the RCT and 38% (n=150) had a comorbid psychiatric diagnosis. 

Appendix 7.7-7.8 details the characteristics of youth that were excluded, and appendices 

7.9 and 7.10 provides additional details of the characteristics of the study sample 

stratified by trial and treatment arm, respectively. 

The average absolute change in symptom scores from baseline to week 12 was -

8.5 (SD=4.1) for mood, -6.9 (SD=3.8) for behavior, -8.5 (SD=4.9) for somatic and -4.5 

(SD=3.5) for subjective. The greatest incremental decrease in symptom scores occurred 

during the first six weeks. Relative to those who were partial responders (CGI-S=3) at 

week 12, responders (CGI-S≤2) had significantly greater decreases in symptom scores 

from baseline to week 12 (mood: -9.5 [SD:4.0] vs. -6.9 [SD: 3.7]; behavior: -8.1 [SD:3.3] 

vs. -5.1 [SD:3.9]; somatic: -9.9 [SD:4.5] vs. -5.9 [SD: 4.4]; subjective: -4.9 [SD: 3.5] vs. -

3.7 [SD:3.4]); Table 4.1.  
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Table 4.1. Comparison of characteristics of youth with full response (CGI-S≤2) and 

partial response (CGI-S=3) at week 12, N=399 
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Table 4.1 Continued 

 

 Approximately 68% (n=272) of children and adolescents included in the study 

sustained response at week 18. Sustained responders were more often children and 

adolescents who were experiencing their first episode of depression. Among those who 

sustained response, 29% were experiencing a recurrent episode, relative to 44% of 

children who did not sustain response.  Sustained responders had a greater mean change 

in symptom scores from baseline to week 6 relative to non-responders: -7.5 (SD:4.6) vs. -

5.8 (SD=4.1) for mood, -6.1 (SD=3.9) vs. -4.8 (SD=3.6) for behavior, -7.7 (SD=4.9) vs. -
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5.3 (SD=4.6) for somatic, and -3.9 (SD=3.5) vs. 2.9 (SD=3.3) for subjective.  The mean 

change in symptoms from week 6 to week 12 was similar for sustained responders and 

non-responders.  Sustained responders also had a greater overall mean change in 

symptoms from baseline to week 12 than non-responders (Table 4.2). 

Table 4.2. Characteristics of sustained responders vs. non-responders (N=399) 
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Table 4.2 Continued 

 

Incremental and overall symptom change as predictors of sustained response 

 Figure 4.1 shows the odds ratios (OR) and 95% CI (from the training dataset), and 

the AUC, sensitivity, and specificity (from the validation dataset) of the predictive 

models for sustained response at week 18 in the six-week incremental (Figure 4.1A) and 

overall symptom change (Figure 4.1B) models. Changes in mood and somatic symptoms 

along with trial were predictors of sustained response at week 18 in the incremental 
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symptom change model.  For each unit change (i.e. less improvement) in mood from 

baseline to week 6, and somatic symptoms from baseline to week 6 and week 6 to week 

12 the odds of sustained response decreased 8%, 11% and 9% respectively (baseline to 

week 6 change in mood: OR: 0.92; 95% CI: 0.85-0.98, baseline to week 6 change in 

somatic: OR: 0.89; 95% CI: 0.83-0.98 and week 6 to week 12 change in somatic: OR: 

0.91; 95% CI: 0.84-0.98). Children enrolled in HMCK (OR: 0.28; 95% CI: 0.12-0.68) 

and HMCL (OR:0.33; 95% CI: 0.19-0.58) were also less likely to have sustained 

response, relative to those enrolled in TADS and HCJE. The AUC, sensitivity, and 

specificity of this model was 0.64 (95% CI: 0.63-0.65), 0.69 and 0.62, respectively 

(Figure 4.1A). 

The overall symptom change model produced similar findings. However, a family 

history of depression was also a predictor of sustained response (OR: 1.76; 95% CI: 1.01-

3.16). The overall symptom change model (AUC=0.61 [95% CI: 0.58-0.61], sensitivity= 

0.69, specificity= 0.59) had a slightly lower predictive accuracy when compared to the 

incremental symptom change model (Figure 4.1B). 
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Figure 4.1. Odds ratio, AUC, sensitivity, and specificity of predictive models 

 

Incremental and overall changes in somatic symptoms consistently predicted 

sustained response in sensitivity analyses. Additionally, incremental, and overall change 

in behavioral symptoms was a predictor of sustained response among youth who did not 

have suicidal ideation or self-harm at any time. Other factors identified as predictors in 

sensitivity analysis include a family history of depression, female, recurrent depressive 

episode, and trial (Table 4.3).   
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Table 4.3. Odds ratio, AUC, sensitivity, and specificity of predictive models for 

sensitivity analysis 

 



77  

Magnitude of symptom change in those accurately predicted as sustained 

responders 

In the validation dataset, children and adolescents accurately predicted to have 

sustained response had a baseline to week 6 mean decrease of -8.6 (50% decrease) in 

mood symptoms. For somatic symptoms, an initial decrease of -9.0 (45% decrease) from 

baseline to week 6, was followed by an additional decrease of -1.4 (7% decreases) from 

week 6 to week 12. Overall symptom changes of -10.4 (60% decrease) and -10.5 (52% 

decrease) in mood and somatic symptoms, respectively, were observed (Figure 4.2).  

Figure 4.2. Distribution of incremental and overall change in mood and somatic 

symptoms among those accurately predicted as sustained responders at week 18 
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4.5 Discussion 

 The main study findings are that decreases in mood symptoms from baseline to 

week 6 and in somatic symptoms from baseline to week 6 and from weeks 6 to 12 

predicted sustained response at 18 weeks. The magnitude of symptom change needed to 

predict sustained response is approximately a 50% decrease in mood symptoms from 

baseline to week 6, and a 45% decrease in somatic symptoms from baseline to week 6 

followed by a 7% decrease from week 6 to week 12. When considering overall symptom 

change from baseline to week 12, an average 60% decrease in mood and 52% decrease in 

somatic symptoms predicted sustained response at week 18.  While both incremental and 

overall change models demonstrated moderate predictive accuracy, the model with six-

week incremental symptom change predictors demonstrated slightly better predictive 

accuracy than the overall symptom change predictors.  

 Our findings suggest that improvements in mood and somatic symptoms may be 

key indicators of the likelihood of achieving sustained response at week 18. These 

findings are consistent with recent studies which demonstrate that core emotional clusters 

of depressive symptoms are more responsive to treatment in adolescents. 21 If children 

and adolescents show at least a 50% improvement in mood and 45% improvement in 

somatic symptoms during the first six weeks, then it is possible those children and 

adolescents could have sustained response at 18 weeks with continued treatment. 

Additional, improvement in somatic symptoms provide further evidence of the likelihood 

of sustaining response. Among children and adolescents who respond to 12 weeks of 

acute treatment, evaluating these symptoms can help to inform decision making for the 

continuation phase. A re-assessment of psychiatric comorbidities, or a re-evaluation of 
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the plan for the treatment continuation could be warranted among those who do not show 

sufficient improvement.  

Identifying which symptoms (i.e. mood and somatic) to evaluate is the first step. 

But it is also necessary to evaluate when the symptom change occurs. The overall 

improvement in mood and somatic symptoms from baseline to week 12 was largely 

driven by improvements during the first six weeks. Only somatic symptoms had 

additional, though minimal, improvement from weeks 6 to 12. These results are 

consistent with previous studies in children and adolescents which shows that the first six 

weeks of treatment is a clinically relevant time point characterized by the largest 

symptom improvement. Additionally, somatic symptoms have the greatest additional 

improvement later in acute treatment relative to other symptoms. 20,141 The incremental 

symptom change model had a slightly better predictive accuracy than overall symptom 

change model. This highlights the importance of timing in evaluating symptom change. 

The results suggests that six-week incremental symptom changes, particularly those 

observed in the first six weeks, maximizes the likelihood of accurately distinguishing 

children and adolescents that are likely to have sustained response at week 18 from those 

who might experience a recurrence or relapse. This also aligns with treatment guidelines 

which support ongoing monitoring at regular intervals.6,53,55  The observed differences 

between mood and somatic symptoms could reflect heterogeneity in the effect of 

antidepressants across depressive symptoms. Research in adults show that antidepressants 

are generally more effective in treating the emotional symptoms of depression than other 

symptom clusters. 103,128  Further research in children and adolescents is needed, however 

these findings likely reflect a similar phenomenon as mood symptoms had more 
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improvement than somatic symptoms during the first six weeks. Additionally, co-morbid 

anxiety disorder is common among children and adolescents diagnosed with depression. 

152 Antidepressant have demonstrated efficacy in the treatment of anxiety disorder in 

children and adolescents,153 therefore it is possible that early symptom improvement in 

mood and somatic symptoms could be attributed to improvement in symptoms of 

anxiety.154  

Suicidal ideation or behaviors,  and deliberate self-harm are important 

considerations in treatment decision making given that these are significant symptoms of 

depression45 as well adverse effects of antidepressant use. 111,112 In the sensitivity analysis 

which excluded children and adolescents with these symptoms, we found that six-week 

incremental changes in behavioral symptoms, as opposed to mood and somatic, were 

significant predictors of sustained response. This implies that in the absence of suicidal 

ideation and behaviors or self-harm, improvement in behavioral symptoms which 

includes difficulty having fun, social withdrawal, and impaired schoolwork are the 

clinical relevant target symptoms which distinguish those who are likely to have 

sustained response. Interventions focused on targeting these symptoms, for example, 

working with schools to improve performance, can help to ensure that these children and 

adolescents sustain response to treatment. 

 Several important limitations of our study should be considered when 

interpreting the findings. First, we did not capture adherence to treatment which likely 

has a significant influence on sustained response and the generalizability of these results 

to youth treated in community settings. It is possible our findings reflect the subgroup of 

children and adolescents with relatively high levels of treatment adherence. Second, 
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youth enrolled in TADS were informed of their treatment assignment after 12 weeks. It is 

possible that knowledge of treatment assignment may have influenced sustained 

response. However, all youth included in the study received active treatment. These 

findings also reflect real world practice as children and adolescents treated in community 

settings are aware of the treatment received. Third, we defined sustained response based 

on clinical severity as measured by the CGI-S to reflect changes in the psychopathology 

of depression and underlying severity of disease. It is possible that clinical improvement 

as measured by the CGI-I may have produced different results. Forth, we included youth 

treated with combination therapy of CBT and Fluoxetine which is a potential 

augmentation strategy. However, sensitivity analysis excluding these children and 

adolescents demonstrate similar findings. Fifth, approximately 28% of the study sample 

was treated with duloxetine, which is not approved for the treatment of depression in 

children and adolescents. Though sometimes used off-label in community settings, these 

findings do not lead us to recommend using duloxetine over other approved options. 

Lastly, the primary predictive model demonstrated moderate accuracy as the sensitivity 

and specificity was 0.69 and 0.62, respectively. Thus there is a 36% change that the 

predictive model will incorrectly classify a child or adolescent as a sustained responder, 

and 31% chance that a child or adolescent who will achieve sustained response will be 

incorrectly classified as a non-responder. 

In conclusion, among children and adolescents who respond to acute treatment, 

incremental improvement in mood and somatic symptoms distinguish those who are 

likely to sustain response at 18 weeks. Evaluating these symptoms following acute 

treatment, with a focus on the six-week incremental magnitude of change can aid in 
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decision making and planning for optimizing treatment during the continuation phase to 

potentially reducing the likelihood of a recurrence or relapse of depressive symptoms. 
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5 AIM 3: PREDICTED RESPONSE AND PSYCHOTROPIC 

AUGMENTATION OR SWITCH AMONG ADOLESCENTS DIAGNOSED 

WITH DEPRESSION WHO ARE TREATED WITH FLUOXETINE 

 

5.1 Abstract 

Background: Among youth diagnosed with depression who are prescribed 

antidepressant treatment in outpatient community practice, regimen changes such as 

psychotropic augmentation or switch and antidepressant discontinuation is common early 

in treatment. This raises concerns as to whether such changes are implemented among 

adolescents who would otherwise respond to the antidepressant.  

Objectives: To determine the odds of antidepressant medication switch or augmentation 

with another psychotropic in relation to the predicted probability of antidepressant 

response among adolescents diagnosed with depression. 

Methods: Adolescents (ages 12-17) who were diagnosed with depression and treated 

with fluoxetine were identified using the IQVIA Pharmetrics Plus claims data. 

Adolescents (ages 12-17) enrolled in the Treatment for Adolescents with Depression 

Study (TADS) who were randomized to receive treatment with fluoxetine monotherapy, 

completed 12 weeks of follow-up and had complete data were included in a donor data 

sample. Following implementation of combined sample multiple imputation, we applied 

a previously developed predictive model for antidepressant response at 12 weeks as a 

function of early symptom change. The independent variable was the predicted 

probability of response at 12-weeks, which was tested at three different thresholds: ≥0.44, 

≥0.50 and ≥0.60. The dependent variable was psychotropic augmentation, defined as the 

addition of another psychotropic medication or another antidepressant for ≥15 days, or 
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switch, defined as a change to a psychotropic medication or another antidepressant for 

≥15 days, within 12-weeks of fluoxetine initiation. Logistic regression analysis estimated 

the odds of augmentation or switch in adolescents with a high 12-week predicted 

probability of response relative to those with a low 12-week predicted probability of 

response. 

Results: A total of 307 commercially insured adolescents were included in the analytical 

sample. Of which, 12% had an augmentation or switch within 12-weeks of fluoxetine 

initiation. Adolescent who had augmentation or switch were more often diagnosed with 

conduct or oppositional defiant disorder (3% vs. 4%) and other psychiatric disorders 

(21% vs. 13%). The most common psychotropic medication used during the 12-week 

follow up among adolescents with augmentation were other antidepressants (58%), 

antipsychotics (24%) and anti-anxiety medications (6%). There was no significant 

difference in the odds of augmentation or switch among those with a high 12-week 

predicted probability of response relative to those with a low 12-week predicted 

probability of response at all cut point levels (p≥0.44: OR=1.01 [95% CI=0.22-4.71]; 

p≥0.50: OR=1.04 [95% CI=0.21-5.25]; p≥0.60: OR=0.96 [95% CI=0.12-7.69]). 

Conclusion: The odds of augmentation or switch between adolescents with a high versus 

low predicted probability of response were similar. This indicates potential lack of 

alignment between predicted response and clinical practice in real world settings. 
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5.2 Introduction 

Approximately 13%3 of adolescents, ages 12-17, in the United States (US) are 

diagnosed with depression. Selective Serotonin Reuptake Inhibitors (SSRIs), are the 

recommended first line pharmacotherapy for the treatment of pediatric depression and are 

the most commonly prescribed antidepressant class in outpatient care.5,7,54,55 Currently, 

two SSRIs –fluoxetine8 and escitalopram9 –have a Food and Drug Administration (FDA) 

approved indication for first line treatment of depression in children and adolescents ages 

8-18 and 12-17, respectively. Adding psychotherapy or switching antidepressants is 

recommended for the more than 40% of children and adolescents who fail to respond to 

initial antidepressant treatment after a trial of adequate dose and duration.18,19 Based on 

evidence in adults and expert opinions in children and adolescents, medication 

augmentation strategies are also sometimes recommended for patients who fail to 

respond to first line options or who have a partial response to monotherapy.18 

A problem in community settings is that regimen changes such as psychotropic 

augmentation, switching or discontinuation may occur soon after starting antidepressant 

treatment and before achieving an adequate antidepressant dose or duration. 

Approximately 45% of children and adolescents diagnosed with depression are 

prescribed more than one psychotropic medication,73,74 and 7-8% of children and 

adolescents switch the initial antidepressant treatment.155,156 The median duration of 

pediatric fluoxetine or other SSRIs treatment is approximately 58 days and fewer than 

40% of new initiators of fluoxetine or other SSRIs continue treatment after three 

months.156  This raises a concern that first line medication trials may not be adequate 

before switching to less evidence-based options. It is unclear whether these regimen 
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changes are happening solely among adolescents  in which changes may be warranted 

(i.e. those who show early signs of non-response such as limited improvement or 

worsening functioning after medication initiation, are unable to tolerate the initial 

antidepressant or due to other factors such as patient/family preference), or whether this 

is also occurring among adolescents who are likely to respond to the initial antidepressant 

with continued treatment. If the former, then this would suggest therapeutic decisions are 

following recommended clinical guidelines. If the latter, this would suggest a need for 

practice changes to promote more effective management of depression and reduce 

potential exposure to treatment practices, such as early augmentation, which may place 

youth at risk of serious side effects.79,136  Currently, we lack empirical evidence linking 

the probability of treatment response with therapeutic decision-making in real-world 

settings.  

The use of prediction model can help to facilitate empirical evaluations of the 

relationship between the likelihood of treatment response and early regimen changes in 

real world settings. However, to date, antidepressant response prediction models have 

been mainly developed using randomized clinical trial (RCT) data.141,157 There have been 

limited attempts to translate response prediction into real-world data to facilitate 

empirical evaluations of the association between the likelihood of treatment response and 

the regimen changes observed in clinical practice. A main barrier has been that 

information from depression rating scales (such as the Children’s Depression Rating 

Scale – Revised or Clinical Global Impression scale) used to measure treatment response 

in RCTs are not available in real-world data. However, methods such as combined 

sample multiple imputation (CSMI),25 can be applied to implement prediction models 
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developed using data from RCTs to real world data. CSMI involves pooling data from 

two samples; a donor sample (the “impute from” dataset) which includes key variables of 

interest, and a target sample (the “impute to” dataset) in which the key variables are 

missing by design. CSMI treats the missing variables in the pooled data as a missing data 

problem and addresses this using standard multiple imputation (MI) approaches. CSMI 

has been used with survey data to yield unbiased estimates.158,159 The application of 

CSMI for translating prediction models developed using data from RCTs to real world 

data is  a novel approach, which  to our knowledge, has not been tested in pediatric 

depression. 

The objective of this study is to estimate the odds of antidepressant medication 

switching or augmentation in relation to the predicted probability of antidepressant 

response among adolescents receiving care in community settings. The findings of this 

study can enhance our understanding of real-world treatment practices by providing 

information on whether early regimen changes such as augmentation or switching occurs 

in adolescents who may otherwise respond to antidepressant treatment. We apply a 

predictive model, previously developed using data from RCTs, which estimates the 

probability of antidepressant response at 12 weeks as a function of early symptom 

change. Each commercially insured adolescent receives a probability of treatment 

response, which we then use to compare the odds of antidepressant switch or 

augmentation. In order to estimate the prediction model in real world data, we implement 

CSMI to impute symptom change scores from adolescents enrolled in a RCT, i.e. the 

Treatment of Adolescents with Depression Study (TADS), to a cohort of commercially 

insured youth who receive care in community settings (using the IQVIA PharMetrics 
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Plus administrative claims database). An underlying assumption of CSMI is that the 

target and donor samples are from the same underlying universe. To fulfil this 

assumption and increase the internal validity of CSMI we selected a cohort of 

commercially insured adolescents with similar characteristics as those enrolled in TADS. 

This was achieved by applying the inclusion and exclusion criteria of TADS and 

matching the commercially insured youth to TADS enrolled youth using propensity score 

matching. This study was approved by the Institutional Review Board at the University of 

Maryland Baltimore (Protocol #: HP-00084134). 

5.3 Methods 

Data Sources  

The primary data for adolescents receiving care in real world settings is derived 

from a 10% random sample of commercially insured enrollees in the IQVIA PharMetrics 

Plus database. The IQVIA PharMetrics® Plus database comprises adjudicated claims and 

enrollment information for commercially insured individuals and their dependents across 

the US. The data, which spans 2006 to 2015, includes medical inpatient and outpatient 

claims, outpatient pharmacy claims, enrollment and demographic information. The 

inpatient and outpatient claims include data on medical diagnoses via International 

Classification of Disease codes (ICD-9 and ICD-10), clinical procedures via Current 

Procedural Terminology codes (CPT), and the dates of service. Claims for dispensed 

prescriptions provide information on the date of dispensing, days supplied, quantity 

dispensed, and National Drug Codes (NDC), which is a unique code used to identify drug 

name and strength. Demographic characteristics and dates of enrollment in the insurance 

plans are included in the enrollment data. 
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Individual patient level data from the Treatment of Adolescent with Depression 

Study (TADS) served as the donor data source for CSMI. TADS is a RCT which 

evaluated the efficacy of fluoxetine only (10-40 mg/d, n=109), a combination of 

fluoxetine (10-40 mg/d) and CBT (n=107), or CBT only (n=111) compared to placebo 

(n=112) in 439 adolescents ages 12-17 years for up to 18 weeks in the acute and 

continuation phases.11  Data for TADS was obtained from the National Database for 

Clinical Trials Related to Mental Illness (NDCT), a repository of the NIMH Data Archive 

(NDA) [NDA collection ID: 2145; ClinicalTrials.gov: NCT00006286]. NDCT is a 

collaborative informatics platform that provides a national resource to support and 

accelerate discovery related to clinical trial research in mental health through sharing of 

human subject data from all clinical trials funded by the institute.131  

Study Cohorts 

Commercially Insured Cohort 

 We identified a base cohort of commercially insured adolescents in the IQVIA 

database based on the inclusion and exclusion criteria of TADS (Appendix 7.11).137 This 

was performed to fulfil the assumption of CSMI that the target and donor samples are 

from the same underlying population. The TADS inclusion criteria were ages 12-17 

years, diagnosed with depression (stable and pervasive for at least 6 weeks), in outpatient 

care, and medication free before the start of the RCT (no use of medication for depression 

for at least 2 weeks to limit carry over effects of past treatment).137  To operationalize 

these criteria, we identified commercially insured youth who were treated with fluoxetine 

and had no evidence of fluoxetine use in the previous two weeks. The first date of service 

of fluoxetine dispensing which met the criteria defined the index date. We selected 
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adolescents who were ages 12-17 years at the index date and who were diagnosed with 

depression in an outpatient setting at least 6 weeks prior to the index date. Additionally, 

we required continuous enrollment in medical and prescription benefits during the 1-year 

baseline period prior to the index date. The continuous enrollment criterion is unique to 

administrative claims data to ensure accurate capture of baseline information which is 

otherwise unobserved if adolescents are not enrolled in the insurance plan. 

 We excluded youth who met any of the following TADS exclusion criteria; 1) had 

a psychiatric hospitalization 3 month prior to the index date, 2) were diagnosed with 

schizophrenia, bipolar, psychosis, autism, pervasive development disorder, substance use 

disorder, or intellectual disability in the past year, 3) had a suicidal ideation or attempt in 

the past 6 months, 4) has use of antipsychotics, anxiolytics, mood stabilizers or sedative 

in the past 6 months, 5) had unstable stimulant use (change in total daily dose greater 

than 25%) in the past year, 6) had use of  an anorexic, antiarrhythmic, anticoagulant, anti-

diarrheal, ,anti-hypertensive, anti-nausea, anti-seizure medication, diuretic, hypoglycemic 

agent, or opioids in the past 14 days, 7) had Obsessive Compulsive Disorder (OCD) 

which required behavioral therapy in the past year,  8) had use of other antidepressants or 

behavioral therapy in the past 14 days, and 9) had a procedure indicating potential 

pregnancy in the past year. Additionally, we excluded adolescents who were not 

continuously enrollment in medical and prescription benefits during the 12 weeks 

defining follow-up after the index date. 

TADS Cohort 

 Adolescents enrolled in TADS were included in the donor sample for CSMI if 

they were randomized to receive treatment with fluoxetine monotherapy, completed 12 
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weeks of follow-up and had complete data. Adolescents randomized to receive other 

treatments or placebo were excluded as our focus is on response to fluoxetine treatment.  

Study Measures 

Independent Variables 

The primary independent variable is the predicted probability of response at 12 

weeks. We implemented a predictive model (Equation 5.1) previously developed in Aim 

1 using Bayesian logistic regression with data from four pediatric antidepressant RCTs. 

The model was developed to predict response at 12 weeks as a function of baseline to 

week 6 change in depressive symptoms. The sensitivity and specificity of the predictive 

model is 0.65 and 0.67, respectively. Additional details on the estimation of the 

predictive model are described in Appendix 7.12. The probability (P) of responding to 

treatment at 12 weeks was calculated using Equation 5.2.  

 

A binary measure for the 12-week predicted probability of response was 

operationalized to facilitate interpretation of the findings. The binary measure was 

defined as a high 12-week predicted probability of response versus a low 12-week 

predicted probability response. Several cut points defining high probability were tested to 

estimate the likelihood of augmentation or switch given varying levels of high 

Equation 5.1: 𝜆 = 𝛽0 +  𝛽1 ∗ ∆𝑚𝑜𝑜𝑑 +  𝛽2 ∗ ∆𝑠𝑜𝑚𝑎𝑡𝑖𝑐 

 

Where 𝛽0 = -1.743; 𝛽1 = -0.121 and 𝛽2= -0.108; Δ=observed change in mood and 

change in somatic symptoms from baseline to week 6 

 

Equation 5.2: 𝑃 =
𝑒𝜆

1+𝑒𝜆
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probability. We defined high 12-week predicted probability as p≥0.44 which was 

identified in the prior internally validated predictive model in Aim 1 as the ideal cut-point 

distinguishing those likely to respond. We also tested more conservative cut points 

including p≥0.50 and p ≥0.60. 

Other key variables of interest 

Other key variables of interest that were applied at varying stages of analysis 

(detailed in the statistical analysis section) include demographic and clinical 

characteristics. Demographic characteristics were age at enrollment in TADS or 

fluoxetine initiation for commercially insured adolescents, gender and region (i.e. east, 

midwest, south, west). Clinical characteristics measured at baseline and/or during follow-

up included recurrent depression, severe depression, use of psychotherapy or use of 

psychotropic medications, and comorbid psychiatric conditions. Recurrent depression and 

severe depression were defined in the IQVIA data based on ICD-9 diagnosis codes. 

Psychotropic medications included stimulants, mood stabilizers, anxiolytics, 

sedative/hypnotics, or other antidepressants. Baseline use of psychotropic medications 

were captured in the 6 to 12 months prior to the index date and other antidepressants were 

captured from 2-weeks to 12 months prior to the index date. This was because we 

excluded, based on the TADS criteria, adolescents who has use of psychotropic 

medications (i.e. stimulants, mood stabilizers, anxiolytics, sedative/hypnotics, 

antipsychotics) in the 6 months prior to the index date and other antidepressants in the 14 

days prior to the index date. Comorbid psychiatric conditions included anxiety or panic 

disorder, conduct or oppositional defiant disorder, attention deficit hyperactivity disorder 

(ADHD), suicidal ideation or deliberate self-harm, substance use disorder or abuse, post-
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traumatic stress disorder or acute stress disorder, and manic disorder, schizophrenia, 

personality disorder, bipolar disorder, or psychosis. We also captured adequate SSRI dose 

(defined in TADS as 20mg of fluoxetine, citalopram or paroxetine, 50mg of sertraline, 

100mg of fluvoxamine or 10mg of escitalopram for at least 6 weeks’ duration) during 

baseline (i.e. 2-weeks to 12 months prior to the index date), and average weekly 

fluoxetine dose from baseline to week six and weeks six to 12.  

Dependent Variable 

 The primary outcome is a regimen change defined as augmentation or switch 

within 12 weeks of fluoxetine initiation. Augmentation is defined as addition of another 

psychotropic medication that overlapped with fluoxetine for ≥15 days.  A switch was 

defined as a change from fluoxetine to another psychotropic medication for more than 15 

days. A 15-day duration was used to account for potential medication tapering (Figure 

5.1). Psychotropic medication classes included mood stabilizers, anxiolytics, 

antipsychotics, sedative or hypnotics, or other antidepressant (i.e. escitalopram, 

duloxetine, etc.). ADHD medications (i.e. stimulants) were not included when defining 

augmentation or switch given continued use of ADHD medications prior to fluoxetine 

initiation was not an exclusion criterion. 
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Figure 5.1 Defining fluoxetine augmentation or switch 

 

Statistical Analysis 

Propensity score matching 

 Greedy nearest neighbor propensity score matching was implemented to select a 

cohort of commercially insured adolescents with similar baseline characteristics to 

adolescents enrolled in TADS. This was performed prior to the implementation of CSMI 

to fulfil the CSMI assumption that the donor (i.e. TADS enrolled adolescents) and target 

(i.e. commercially insured adolescents) samples are drawn from the same underlying 

population.25,158 Additionally, propensity score matching increases the internal validity of 

CSMI and supports a more robust imputation of the symptom change scores from the 

TADS enrolled adolescents to the commercially insured adolescents by ensuring the 

samples have similar characteristics. 

The propensity score was estimated using logistic regression as the probability of 

enrollment in TADS as a function of baseline demographic (i.e., gender and age) and 
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clinical characteristics (i.e. recurrent depression, severe depression, use of psychotherapy 

or use of psychotropic medications, and comorbid psychiatric conditions).  We identified 

up to 10 commercially insured adolescents for every adolescent enrolled in TADS. 

Several strategies were tested to identify the maximum sample of matched commercially 

insured and TADS enrolled adolescents with similar baseline characteristics. We used 

propensity score caliper ranges of 0.01 and 0.02, and tested several recommended 

trimming approaches160 (i.e. no trimming, trimming the non-overlapping propensity score 

distributions, and trimming the 5th and 95th percentiles of the propensity score 

distribution). Changing the caliper increased the range of the propensity score within 

which a commercially insured adolescent could be matched to a TADS enrolled 

adolescent. Trimming excluded adolescents for which a match would not be found due to 

a lack of overlap of the propensity scores distributions of the two cohorts. Trimming also 

excluded adolescents with a very high (≥95th percentile) or very low (i.e. ≤5th percentile) 

propensity scores as this is indicative of underlying and/or unobserved differences in 

characteristics of adolescents whose propensity scores fall in the tail ends of the 

distribution.  

Standardized mean differences (SMD) were used to compare the baseline 

characteristics of the matched cohorts after implementing each strategy. As 

recommended161, a SMD <0.2 was used to indicate good balance and similarity of each 

characteristic between matched TADS enrolled and commercially insured adolescents. 

We selected the matched cohort based on the strategy that retained the largest matched 

sample and produced the best balance of all baseline characteristics among TADS 

enrolled and commercially insured adolescent.  
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Combined Sample Multiple Imputation (CSMI) 

After identifying the propensity score matched TADS enrolled and commercially 

insured adolescents, CSMI was implemented to operationalize the predicted probability 

of response at 12 weeks among commercially insured adolescents. As shown in equation 

1, the prediction model developed using the RCT data was estimated as a function of 

baseline to week 6 change in mood and somatic symptom scores. The change in symptom 

scores are unmeasured in the IQVIA claims data, therefore CSMI was implemented to 

impute the change in mood and somatic symptom scores for commercially insured 

adolescents. The CSMI approach, developed by Rendall et al.25, extends the standard 

within-data MI 162,163 approach by applying MI across two different datasets. CSMI pools 

data from two datasets; a donor dataset (i.e. TADS) and a target dataset (i.e. IQVIA) and 

treats the absence of symptom scores in the target dataset as a missing data problem to be 

addressed by standard MI techniques. CSMI has been successfully implemented to pool 

survey data 25,158,159 and is appropriate in this setting as the symptom change scores in the 

IQVIA dataset are missing-by-design; meaning the reason the variable has a missing 

value is because it was not collected, not due to non-response or lost to follow-up. 

Therefore, the missing-at-random assumption of MI is more easily met. CSMI assumes 

that the patients in each dataset are sampled from a common underlying population. This 

assumption is likely met as we implemented the inclusion and exclusion criteria for 

TADS to identify the base cohort of commercially insured adolescents and also 

implemented propensity score matching between the two cohorts. 
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CSMI to impute missing change in mood and somatic symptom scores in the 

target IQVIA dataset (i.e. the “impute to” dataset) from the donor TADS dataset (i.e. the 

“impute from” dataset) was implemented as follows: 

• Estimate imputation model for missing symptoms change score: Using MI by fully 

conditional specification, we developed an imputation model for E [Δ symptom| X1, 

X2….Xk] where Δ symptom is the baseline to week 6 change in mood or somatic 

symptoms (as required for equation 1), and Xk is a vector of key variables included in 

the imputation model. These variables included baseline demographic (i.e. age, 

gender), clinical characteristics (i.e. recurrent depression, severe depression, use of 

psychotherapy or use of psychotropic medications during baseline or follow-up, and 

comorbid psychiatric conditions during baseline or follow-up), and the average 

fluoxetine daily dose from baseline to week 6, and week 6 to week 12. This 

imputation step created multiple iterations (m) of complete datasets with imputed 

change scores for each commercially insured adolescent. We defined m=40 to 

maximize the efficiency of the imputation model. Efficiency was estimated as 

(1 +
𝜆

𝑚
 )−1; where λ is the fraction of missing information and m is the number of 

imputations.164 Thus m=40 provided 98% efficiency. 

• Estimate the predicted probability of response: We estimated the 12-week predicted 

probability of response using Equations 1 and 2 in each of the m iterations of 

‘complete’ multiply imputed datasets. The binary definitions for high vs. low 12-

week predicted probability of response was also estimated.  
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Descriptive analysis 

Descriptive analysis compared the characteristics of 1) TADS enrolled and 

commercially insured adolescents prior to- and after matching, 2) TADS enrolled and 

commercially insured adolescents excluded during propensity score matching, overall 

and stratified by cohort, and 3) adolescents with and without augmentation or switch 

among the matched commercially insured cohort. Standardized mean differences, chi-

square (for categorical variables) or T-test (for continues variables) was used. 

We graphically compared the distribution of imputed change in mood and somatic 

symptoms among commercially insured adolescents with the distribution of the observed 

change among adolescents enrolled in TADS across each imputed dataset. The 

Kolmogorov-Smirnov test was used to compare the empirical distributions of imputed 

symptom change scores among commercially insured adolescents relative to observed 

symptom change scores among TADS enrolled adolescents, across imputed datasets. A 

non-significant p-value indicated that the distributions were similar and indicated good 

imputation.165  Additionally, we graphically compared the proportion of commercially 

insured adolescents with an estimated high 12-week predicted probability of response, 

across imputed datasets. 

Logistic Regression Analysis 

 Within each imputed dataset, logistic regression estimated the odds of 

augmentation or a switch within 12 weeks of fluoxetine initiation among commercially 

insured adolescents with a high versus low 12-week predicted probability of response. A 

separate model was estimated for each cut point defining high probability of response. 
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All models were adjusted for demographic and unbalanced characteristics (SMD>0.2) 

between those that augmented and those who did not.  These characteristics included age, 

gender, region, diagnosis of disruptive behavioral disorders, recurrent depression, 

baseline psychotropic medication or psychotherapy use, past fluoxetine use, other 

psychiatric diagnosis at baseline, and severe depression. Standard multiple imputation 

techniques, based on Rubin’s rules25,158,166, to combine parameter estimates and standard 

errors across imputed datasets was conducted to obtain the final odds ratio and 95% 

confidence interval.  

Sensitivity Analysis 

To allow a longer duration of time to observe an augmentation or switch we 

conducted sensitivity analysis limiting the cohort to commercially insured adolescents 

with 6-months of follow-up. We estimated the odds of an augmentation of switch within 

6 months of fluoxetine initiation among commercially insured adolescents with high vs. 

low 12-week predicted probability of response. We also estimated the likelihood of 

augmentation or switch in the unmatched sample of commercially insured adolescents. 

Propensity score matching identified a sample of adolescents in real world settings with a 

similar propensity for enrollment in TADS. Thus, this sensitivity analysis was conducted 

to test the robustness of our findings in a more diverse sample of commercially insured 

adolescents. All analysis was conducted using SAS 9.4, Cary NC. 
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5.4 Results 

Characteristics of the base cohort 

 Of the 4,986 commercially insured adolescents who met the inclusion criteria, 

3,405 (68%) were subsequently excluded. As such the base cohort included 1,581 

commercially insured adolescents (Appendix 7.13). Of the 109 adolescents enrolled in 

TADS who were randomized to treatment with fluoxetine only, a total of 88 (80.7%) met 

criteria for inclusion in the donor sample. Overall the combined sample of TADS 

enrolled and commercially insured adolescents (n=1,669) were on average 15 years old 

(SD=1.58), and were predominantly females (N=1,083; 65%), with use of psychotropic 

medications or psychotherapy during the baseline period (1,103; 66%) and comorbid 

psychiatric disorders (n=821; 49%). Relative to TADS enrolled adolescents, the 

commercially insured adolescents in the base cohort (prior to matching) were more often 

adolescents who had baseline use of psychotropic medications or psychotherapy 

(n=1,087; 69% vs. n=16; 18%), and comorbid psychiatric diagnosis (n=790; 50% vs. 

n=31; 35%). A larger proportion of commercially insured youth had baseline use of 

ADHD medications (n=193; 12% vs. n=2; 2%), psychotherapy (n=931; 59% vs. n=14; 

16%), and comorbid anxiety or panic disorder (n=576; 36% vs. n=13; 15%); Table 5.1. 

Appendix 7.14 compares the characteristics of TADS enrolled and the commercially 

insured adolescents who were fluoxetine free for 6 months (n=601). 
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Table 5.1 Comparison of Baseline Characteristics among TADS enrolled and 

Commercially Insured Adolescents Before Matching (n=1,669) 

 

 



102  

Characteristics of the matched cohort 

 Figure 5.2 shows the SMDs in baseline characteristics between TADS enrolled 

and commercially insured adolescents after implementing each propensity score 

matching strategy. Appendix 7.15 shows the propensity score distribution for TADS 

enrolled and commercially insured adolescents. A 1 to 10 match with a 0.01 caliper after 

trimming the non-overlapping propensity score distribution identified matched TADS 

enrolled (n=57) and commercially insured (n=307) adolescents with the best balance of 

baseline characteristics. Comparison of the baseline characteristics between TADS 

enrolled and commercially insured adolescents showed good balance as the absolute 

SMDs for all baseline characteristics was ≤0.2.  

After trimming the non-overlapping propensity score distribution, a total of 1,041 

adolescents remained in the combined sample (n=78 TADS enrolled and n=963 

commercially insured). Overall trimming excluded 628 adolescents; 618 commercially 

insured and 10 TADS enrolled adolescents. Of the 1,041 adolescents remaining after 

trimming, 677 were not matched (n=21 TADS enrolled and n=656 commercially insured) 

using a 10 to 1 match with 0.01 caliper (Appendices 7.16-7.19). Table 5.2 details the 

characteristics of the TADS enrolled and commercially insured adolescents that were 

included and excluded during the propensity score matching process. Overall a total of 

1,305 adolescents were excluded (n=31 TADS enrolled and n=1,274 commercially 

insured) during the propensity score matching process. A lower proportion of 

commercially insured adolescents who remained in the sample, relative to those who 

were excluded, were adolescents with recurrent depression (n=25; 8% vs. n=288; 23%), 

baseline psychotropic medication use or psychotherapy (n=83; 27% vs. n=1,004; 79%), 
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or comorbid psychiatric diagnosis (n=57; 19% vs. n=733; 58%). Adolescents that 

remained in the sample were less often those who had use of ADHD medications (n=4; 

1% vs. n=189; 15%), other antidepressants (n=3; 1% vs. n=224; 18%), or psychotherapy 

(n=79; 25% vs. n=853; 67%) at baseline, or adolescents with a comorbid diagnosis of 

anxiety or panic disorders (n=31; 10% vs. n=545;43%) or ADHD (n=21; 7% vs. n=236; 

19%); Table 5.2. 

Figure 5.2 Standardized Mean Differences in Baseline Characteristics between TADS 

Enrolled and Commercially Insured Adolescents After Propensity Score Matching 
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Table 5.2 Comparison of Baseline Characteristics Between Adolescents Included and 

Excluded after Propensity Score Matching, stratified by TADS and Commercially 

Insured Cohorts 
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 Of the 307 matched commercially insured youth, 38 (12%) had augmentation or 

switch during the 12-weeks of follow-up. Relative to commercially insured adolescents 

who did not have augmentation or switch, adolescent who had augmentation or a switch 

were more often diagnosed with conduct or oppositional defiant disorder (n=5; 13% vs. 

n=11; 4%) and other psychiatric disorders (n=8; 21% vs. n=35; 13%).  Those with 

augmentation or switch were less often those who had past use of fluoxetine (prior to the 

14 day was out period) when compared to those without augmentation or switch (n=22; 

58% vs. n=205; 76%). adolescents who had an augmentation or switch, the most 

common psychotropic medication used at any time during follow-up was another 

antidepressant (n=22; 58%), followed by antipsychotics (n=9; 24%) and anti-anxiety 

medications (n=7; 18%); Table 5.3. Appendix 7.20 compares the characteristics of 

adolescents with and without augmentation or switch in the base cohort of commercially 

insured adolescents prior to matching. 
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Table 5.3 Comparison of Characteristics among Commercially Insured Youth with and 

without Augmentation 12-weeks after Fluoxetine Initiation (n=307) 
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Table 5.3 Continued 

 

Imputed change in mood and somatic symptom scores and predicted probability of 

response 

Figure 5.3 shows the distribution of the imputed change in mood and somatic 

symptom scores among matched commercially insured adolescents across the 40 

iterations of imputed datasets relative to the observed change score in the donor sample 

of TADS enrolled adolescents (Imputation 0 in figure 5.3). As expected, there was 

variation in the distribution of imputed change scores across each iteration of multiply 

imputed datasets for commercially insured adolescents. However, the distribution of 

imputed scores for both mood and somatic symptoms among commercially insured 
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adolescents generally had a similar distribution as the observed symptom change among 

adolescents enrolled in TADS. Appendix 7.21 shows the distribution of imputed and 

observed change in mood and somatic symptom scores without matching. 

Figure 5.3 Comparison of the distribution of observed (i.e. TADS enrolled - Imputation 

0) and imputed (i.e. Commercially Insured Adolescents - imputations 1 to 40) change in 

Mood (Left) and Somatic Symptoms (Right) in the matched samples 

 Change in Mood Change in Somatic 

Im
p
u
ta

ti
o
n

 

*Dot indicates the average imputed change score. P-value based on the Kolmogoriv-Smirnov test 

comparing the empirical distribution of observed vs. imputed change scores 
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The proportion of matched commercially insured adolescents with a high 12-week 

predicted probability of response using cut points of ≥0.44, ≥0.50 and ≥0.60 across 

imputed datasets is displayed in Figure 5.4. Generally, a lower cut point resulted in a 

larger proportion of adolescents being identified as having a high 12-week predicted 

probability of response. The inverse was observed for higher cut points.  

Figure 5.4 Proportion Identified as High probability of Response Across Imputed 

Datasets among Commercially Insured Youth 
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Likelihood of augmentation or switch 

 Among the matched sample of commercially insured adolescents, there was no 

significant difference in the odds of augmentation within 12-weeks of fluoxetine 

initiation among those with a high 12-week predicted probability of response relative to 

those with a low 12-week predicted probability of response at all cut point levels (p≥0.44: 

OR=1.01 [95% CI=0.22-4.71]; p≥0.50: OR=1.04 [95% CI=0.21-5.25]; p≥0.60: OR=0.96 

[95% CI=0.12-7.69]). Similar findings were observed in sensitivity analysis with 6-

months of follow-up (p≥0.44: OR=1.02 [95% CI=0.29-3.57]; p≥0.50: OR=1.09 [95% 

CI=0.28-4.26]; p≥0.60: OR=0.99 [95% CI=0.18-5.65]). Sensitivity analysis in the 

unmatched base cohort of commercially insured adolescents also showed similar 

findings. There was no significant difference in the likelihood of augmentation or switch 

among adolescents with a high 12-week predicted probability of response relative to 

those with a low 12-week predicted probability of response. The findings were consistent 

for all cut points defining high 12-week predicted probability of response and during 12-

week and 6 months of follow-up (Table 5.4). 
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Table 5.4 Odds of Augmentation or Switch After Fluoxetine Initiation in Commercially 

Insured Adolescents with High vs. Low Probability of Response at 12 weeks 

 

5.5 Discussion 

 The study set out to empirically evaluate the relationship between predicted 

response and psychotropic augmentation or switching among adolescent diagnosed with 

depression who receive care in community settings. This knowledge can enhance our 

understand of treatment practices in clinical settings and inform whether regimen changes 

such as augmentation or switching occurs in adolescents who may otherwise respond to 

antidepressant treatment. We found no significant difference in the likelihood of 

fluoxetine augmentation or switch among adolescents with a high probability of response 

at 12-weeks relative to those with a low probability of response at 12-weeks. The 

findings from this study offers several implications that can enrich our understanding of 

therapeutic effectiveness in the context of real-world practice. It is possible that several 
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factors may underpin clinical decisions to augment or switch treatment regardless of the 

likelihood of response. We also implemented an innovative CSMI approach to estimate 

the response prediction model developed using RCT data in real world data. The 

application of CSMI offers several implications for future research which can be used to 

expand upon methods for translating evidence from RCTs to real world settings.  

Several factors may explain our findings and provide a rationale for augmentation 

or switching regardless of the likelihood of treatment response. These include factors 

such as antidepressant adherence, ongoing psychosocial stressors, tolerability of 

fluoxetine and/or comorbidities. Adherence to antidepressant treatment is particularly 

important in pediatric depression because of the limited efficacy of antidepressants12 and 

duration of time needed to achieve a therapeutic dose. Adherence is also essential for 

achieving response as non-adherence can undermine the effectiveness of an 

antidepressant.167  However, previous research shows that approximately 50% of children 

and adolescents ages 5-17 years-old are non-adherent to antidepressant treatment during 

the first 3 months of initiation. 168,169 A lack of adherence due to patient behavior or 

preference170, could present as treatment failure resulting in regimen changes in 

community setting which may not align with an adolescents predicted probability of 

response.  Ongoing psychosocial stressors and community contextual factors such as 

family discord, maltreatment, peer victimization, and poverty are all factors that can lead 

to a poor depression prognosis due to increased severity of depression, treatment-resistant 

depression, increased suicidal ideation and behaviors and worse treatment outcomes. 

32,171-173  Therefore, children and adolescents with ongoing psychosocial stressors may 

continue to have negative perceptions and difficulties in school and social functioning 
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despite antidepressant treatment.174,175 This may delay the treatment’s effect123 leading to 

early changes in the antidepressant regimen. Approximately 60% of adolescents 

experience mild to severe side effects with SSRI use.176,177 A failure to tolerate fluoxetine 

may influence regimen changes early in the course of treatment despite the likelihood of 

achieving response.  The development of adverse side effects such as increased suicidal 

ideation or behaviors178, activation syndrome179 and other adverse effects of SSRIs (i.e. 

sedation, agitation or irritability), are significant concerns which may lead to a switch to 

another antidepressant or antidepressant subclass in order to reduce these side effects.   It 

is also possible that the decision to augment or switch might be influenced by comorbid 

psychiatric disorders as opposed to depression response. Our results indicate that those 

who augmented or switched were more often adolescents with comorbid oppositional 

defiant disorder (ODD) and conduct disorders.  

 To our knowledge, this is one of the first studies to implement CSMI to estimate 

response prediction models developed using RCT data in real world data. The application 

of this method to pharmacoepidemiological research is an important first step which has 

several methodological implications. In this study fulfilling the assumptions of CSMI 

resulted in a highly selected sample of commercially insured adolescents. Previous 

studies which have implemented CSMI using survey datasets did not suffer from this 

issue as the base cohort from the donor and target datasets included individuals with 

similar characteristics.25,158 This negated the need to implement the same inclusion and 

exclusion criteria for the target and donor samples or the need for propensity score 

matching. But our application of CSMI suggests that there is a need to build on CSMI or 

implement alternate approaches which have more flexible assumptions. Such research 
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can improve the usability of CSMI in pharmacoepidemological research and facilitate the 

inclusion of a more diverse real-world sample. Future research could investigate the 

implementation of propensity score weighting methods, such as those employed by Kern 

et al., with CSMI.160,180 The use of weighting, instead of matching, could maintain the 

sample size and create a pseudo sample of the real world cohort that is representative of 

those enrolled in the RCT, or vice versa. However statistical and methodological 

considerations are needed to further investigate the implication for conducting imputation 

with a pseudo sample and to determine whether the target sample or donor sample should 

be weighted. Augmentation of the imputation model with external real-world data is 

another potential area for future research. This could potentially improve the validity of 

the imputation model by including variables collected in external data sources (i.e. 

national surveys) to inform the imputation. Lastly, the conduct of more pragmatic clinical 

trials in pediatric depression can facilitate the translation of RCT findings to clinical 

practice. Pragmatic trials which include a sample of children and adolescents which are 

more representative of those who receive care in community settings can overcome the 

need for propensity score matching with CSMI.  

 There were other limitations of this study. We applied a previously developed 

internally validated predictive model. However, it is possible the model could perform 

differently in other data sources. Differences in the measurement of diagnosis or 

medication use between the TADS and IQVIA data sources may have impacted our 

findings. For example, diagnoses in TADS were self-reported or measured with 

diagnostic instruments while the identification of diagnosis in the IQVIA data relied on 

diagnostic codes. However, since the IQVIA cohort were also prescribed an 
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antidepressant it is less likely that differences in diagnostic assessment would invalidate 

the results. These findings reflect the use of fluoxetine among adolescents and may not be 

generalizable to other antidepressants or children. Our findings may also reflect the low 

observed prevalence of an augmentation or switch limiting the ability to detect significant 

results.  Lastly, we did not evaluate patient preference which may significantly influence 

the decision to augment or switch the antidepressant.  

 In summary, we found no significant difference in the odds of augmentation 

among adolescents with high 12-week predicted probability of response relative to those 

with a low 12-week predicted probability of response. It is possible that the other factors 

beyond expected treatment response (or lack thereof) is influencing augmentation and 

switching in the first 12 weeks of acute treatment. The implementation of a novel CSMI 

approach is the first step in translating response prediction models developed using RCT 

data to real world data to monitor treatment response in adolescents who receive care in 

community settings. However, much more research is needed to expand and/or further 

develop analytical approaches that can include the broader population of adolescents 

diagnosed with depression. 
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6 CLINICAL AND PUBLIC HEALTH IMPLICATIONS, AND 

CONSIDERATIONS FOR PHARMACOEPIDEMIOLOGIC RESEARCH 

Changes in therapy following an initial antidepressant regimen occur soon after 

treatment initiation among many children and adolescents diagnosed with depression in 

community settings. The problem in community settings is that non-evidence-based 

regimen changes such as psychotropic augmentation, switching or discontinuation may 

occur soon after starting antidepressant treatment and before achieving an adequate 

antidepressant dose or duration. It raises a concerning clinical question: ‘are therapeutic 

decisions to change an antidepressant regimen soon after initiation being made for 

children and adolescents who would otherwise have responded to the initial 

antidepressant?’ This dissertation research sought to answer this question using a 

translational approach. First, a Bayesian logistic regression predicted the likelihood of 

initial (12 week) and sustained (18 week) response to treatment as a function of early 

changes in depressive symptoms (i.e. mood, somatic, subjective and behavioral) and 

other demographic and clinical factors using a dataset from randomized trials. Second, 

combined sample multiple imputation (CSMI) was applied to translate the prediction 

model from the RCT data into real world data in order to empirically evaluate the 

likelihood of psychotropic augmentation or switching in adolescents who are predicted to 

respond to treatment. The findings of this dissertation research have clinical and public 

health implications for evidence-based practice and provide considerations to advance 

pharmacoepidemiologic methods for treatment effectiveness research. 
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Clinical and public health implications 

A clinician faced with a youth diagnosed with depression can often face a clinical 

dilemma of whether to continue the current treatment or to re-assess the treatment and/or 

diagnosis. In order to facilitate such clinical decision making, clinical practice guidelines 

for treating depression in children and adolescents recommend “frequent follow-up 

contacts that allow sufficient time to monitor the subject’s clinical status, environmental 

conditions, and, if appropriate, medication side effects”6 and “systematic and regular 

tracking of goals and outcomes from treatment…including assessment of depressive 

symptoms and functioning in several key domains”53  Despite this, in real world settings 

the prevalence of follow-up symptom monitoring is low, as more than two-thirds of 

adolescents do not receive a follow-up symptom assessment.181 There are also disparities 

in the frequency of follow-up between treatment guidelines and real world clinical 

practice, as general follow-up care in real world setting occurs less frequently than 

recommended.182 Additionally, while clinicians may be generally aware and accepting of 

the need to use rating scales to monitor symptoms,  the actual implementation of 

validated rating scales to evaluate depressive symptoms is limited in clinical practice. 

Fewer than 20% of clinicians routinely measure symptoms with validated rating scales.183 

Some reasons for the limited uptake in the use of validated rating scale, despite guideline 

recommendations, include lack of training to use rating scales and time-consuming 

implementation.184-186  

Our findings that changes in symptom clusters of depression, as early as six 

weeks after treatment initiation, predict initial and sustained treatment response further 

underscores the need for routine and deliberate follow-up care in order to monitor 
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depressive symptoms. Our findings have implications for structured and systematic 

follow-up care coupled with the implementation of measure-based care. Measurement 

based care, the routine use of validated symptom rating scales in clinical practice 187,188  

has been found to improve depression outcomes188,189 through informed clinical decision 

making.185,190 Implementing measurement based care can improve the health outcomes of 

children and adolescents diagnosed with depression by 1) providing a quantitative and 

objective metric to inform clinical decision making, and 2) facilitating patient education 

and ongoing engagement of children and their families in their care.   

Implications for quantitative and objective metric to inform clinical decision making 

Our findings suggest that symptom change at six-week intervals distinguishes 

those that are likely to respond to treatment. Therefore, implementing measurement-

based care at the initial visit and in frequent follow up visits, at consistent intervals, can 

provide a qualitative and objective metric to inform a clinical decision. Evaluating 

symptoms quantitatively and at regular intervals provides clinicians with an estimate of 

the patient’s current symptom status and symptom trajectory over time.190 The magnitude 

of symptom change observed can then inform a clinical judgement about whether the 

improvement is sufficient and treatment can be continued, or whether symptom change is 

insufficient and the treatment and/diagnosis should be re-assessed. Among those judged 

to have insufficient symptom improvement, potential considerations could include an 

evaluation of medication adherence, adequacy of treatment dosing, psychotherapy needs, 

future medication changes, the depression diagnosis and comorbidities, or issues, such as 

substance use or trauma, which might impact response.  Additional considerations could 

include an assessment of the psychosocial and community level factors which could 
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support the need for wraparound programs that coordinates community based services.191 

Implementing measurement based care can also help to track residual symptoms.185 

Research has shown that despite achieving remission,  approximately 47% of children 

and adolescents report at least one residual symptom, with the most common being 

impaired school work, insomnia, and irritability. 20 Given that those who experience 

residual symptoms, particularly irritability, are more likely to experience relapse or 

recurrence of depression,185 it is essential for clinicians to track and target these difficult 

to treat symptoms early in treatment.20 Lastly, implementing measurement based care, at 

deliberate pre-specific intervals help to create roadmap of the treatment plan and 

facilitates a future oriented perspective for patients and their families. 

The magnitude of symptom improvement deemed “sufficient” to inform clinical 

decisions remains a clinical judgment. The results of this dissertation indicate that a 56% 

decrease in mood and 46% decrease in somatic symptoms from baseline to week 6 

distinguish children and adolescents that are likely to respond to initial treatment. Others 

have used a benchmarks of 50% reduction to quantity sufficient improvement.141,185,192 

However,  the magnitude of change deemed sufficient should be driven by clinical 

judgement and experience, as well as patient level circumstances. The routine use of 

validated scales in clinical practice helps to enable a more informed clinical judgement 

by objectively quantifying the magnitude of symptom change that has occurred. 

Implications for patient education and ongoing engagement 

The implementation of measurement-based care in routine clinical practice not 

only facilities clinical decision making, but also patient education and engagement in 

their care. Measurement based care which provides feedback to patients about treatment 
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progress and illness course, results in faster symptom improvement among youth, as well 

as a greater sense of involvement in the treatment process and a better understanding of 

depression.190,193,194 The level of patient education and engagement, facilitated by the 

implementation of measurement based care, can also improve adherence. 190 Adherence 

to antidepressant treatment is particularly important in pediatric depression because of the 

limited efficacy of antidepressants12 and because non-adherence can undermine the 

effectiveness of an antidepressant.167  But, approximately 50% of children and 

adolescents ages 5-17 years-old are non-adherent to antidepressant treatment during the 

first 3 months of initiation. 168,169 Using validated rating scales helps patients recognize 

improvement in symptoms, including small changes which might not be perceived 

without the use of quantitative measurement-based scales. This can facilitate adherence 

by supporting optimism about the treatments effect.195   

Considerations for pharmacoepidemiologic research 

Our successful application of CSMI to translate a response prediction model 

developed using RCT data into real world data (RWD) is an important contribution to 

pharmacoepidemiologic research. Lessons learned through this research highlight key 

areas for scientific advances as it relates to broadened application of CSMI beyond use in 

survey data25 for which it was originally developed. Several considerations for future 

research include 1) use of methodological approaches which can maximize 

generalizability, 2) selection of the real-world cohort, and 3) strategies for building on the 

imputation models in CSMI. 
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Considerations for maximizing generalizability 

A fundamental assumption of CSMI is that the patient population of the donor 

(i.e., the RCT) and the target data (i.e., the RWD) are sampled from the same underlying 

universe. The methods implemented to fulfill this assumption can limit generalizability of 

the findings in RWD. To fulfil this assumption, the approach used in this dissertation was 

to apply the inclusion and exclusion criteria of an RCT (the Treatment of Adolescents 

with Depression Study, TADS) to select the cohort of adolescents from the IQVIA 

PharMetrics Plus administrative claims database who received care in community 

settings. Propensity score matching was used to achieve a RWD sample that closely 

resembled the TADS sample. The results can only generalize to this population sub-set 

and is not representative of all children and adolescents diagnosed with depression and 

receiving treatment in community settings. Several methodological considerations 

including propensity score weighting and the use of pragmatic clinical trials could be 

tested in future research to maximize the generalizability of findings.  

As this is the first known application of CSMI in this setting, propensity score 

matching was implemented in the dissertation as an efficient method to ensure the TADS 

and real-world sample had similar characteristics. The use of propensity score matching 

facilitated a more direct imputation from the RCT to RWD, increased internal validity of 

the imputation model, and is easy to understand. However, a limitation of propensity 

score matching is a reduction in the sample size and generalizability, as those who cannot 

be matched are excluded from the analysis.160 An alternative approach that does not limit 

the sample size is standardized mortality ratio (SMR).160,196 Kern et al.180 assessed 

methods for generalizing experimental treatment effects to target populations. Unlike this 
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dissertation research that attempted to select a cohort from RWD that looked like the 

RCT sample, these authors used propensity score weighting to create a pseudo population 

of experimental RCT participants who “look like the target population”.180 It might be 

possible to use similar methods with CSMI to overcome the need for propensity score 

matching. However, the challenge lies in the appropriateness of using weights with 

imputation and the impact that a pseudo sample might have on the validity of the 

imputation model. Another application of Kern et al.’s180 approach could forego CSMI 

and instead conduct the analysis using a re-weighted RCT sample that “looks like” a real 

world population. This would require that all relevant real-world outcomes, such as 

augmentation and switching, are available in the RCT data.  

The use of data from a pragmatic RCT, which enrolls broader more diverse 

patient populations,197 can also be considered as a way to maximize generalizability. The 

Adolescent Depression Antidepressant and Psychotherapy Trial (ADAPT)198 trial is one 

example of a pragmatic antidepressant trial designed to show the real-world effectiveness 

of SSRIs among adolescents in routine clinical care. The sample from an RCT such as 

ADAPT may look more similar to a cohort in RWD. Therefore, it is possible that CSMI 

could be used without the need for a propensity score or other cohort selection 

approaches.  

Considerations for selecting the real-world cohort 

Cohort selection from the RWD was based on the inclusion and exclusion criteria 

of the RCT (i.e. TADS). Operationalizing the RCT criteria in administrative claims data 

can be difficult. It is important to consider a) the extent to which the criteria can be 

operationalized in RWD, and b) whether the strict application of the criteria may result in 
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the selection of a biased or unrepresentative real-world sample. In this dissertation some 

TADS inclusion criteria, such as “Teenager is confined to jail or to a juvenile justice 

facility”, could not be operationalized in the RWD. Others were operationalized using a 

claims-based definition. For example, the TADS inclusion criterion “Full-Scale IQ >80” 

was operationalized as a diagnosis of intellectual disability. In this dissertation it is 

unlikely that the inability to operationalize some criteria or the use of a claims-based 

definitions would significantly impact the cohort selection. For instance, we used 

outpatient prescription claims data to identify the cohort which limits the likelihood that 

an adolescent was in a juvenile justice facility. Additionally, the criteria for diagnosing 

intellectual disability199 aligns with the TADS criteria. Future researchers conducting 

similar studies should consider the limitations of the real-world data, the feasibility of 

operationalizing the inclusion and exclusion criteria, and the implications on cohort 

selection.  

Considering whether the strict application of the criteria may result in the 

selection of a biased real-world sample is also important. This dissertation applied the 

TADS inclusion criteria which selected adolescents who were medication free (i.e., did 

not receive treatment for depression) in the past 14 days. TADS implemented this 

criterion to avoid carry over effects of past treatments which could confound the efficacy 

results. The application of this criteria may have selected a cohort of prevalent users in 

the RWD if adolescents had used fluoxetine prior to the 14-day washout period. While 

the inclusion of prevalence users in this study was consistent with the intent of TADS and 

relevant for this dissertation, the implications of this in the context of 

pharmacoepidemiologic methods to mitigate bias warrant further discussion. Prevalent 
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users are individuals who had past use of the medication and their inclusion in research 

can introduce bias in that these are individuals who are most likely to respond to or 

tolerate treatment.200 In this dissertation, the prediction model was developed using data 

from trials which included prevalent users therefore it was necessary to capture a similar 

cohort in RWD. It is possible that including prevalent users may have impacted our 

findings if there are differences in past fluoxetine use between those that had 

augmentation or switch versus those who did not. To account for potential confounding, 

past fluoxetine use was adjusted for in the analysis. However, it is important to note that 

including prevalent use reflects real world practice as many children and adolescents may 

try multiple medications. In this study, limiting the sample to new users, i.e. those 

without any previous antidepressant medication use, would have likely resulted in the 

selection of a cohort that was neither reflective of TADS nor real world settings. Future 

researchers should consider, within the context of the specific research question, whether 

the strict application of the inclusion and/or exclusion criteria could introduce biases such 

as prevalent use bias, the magnitude and direction of the bias, and the implications for the 

interpretation of the findings.  

 Consideration of strategies for building the imputation models in CSMI 

It is possible that the use of external information can be used to improve the 

validity of the imputation model. A study by Van Hook et al.159 which compared several 

methods for imputing immigrant legal status using survey data tested a “logical combined 

sample multiple imputation” approach to determine whether CSMI can be improved if 

the imputation model was informed by outside information about legal status. The 

authors demonstrated that including outside information of “probably legal” and the 
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predicted probability of being unauthorized resulted in unbiased estimates. It might be 

possible to implement an analogous approach in the setting of CSMI with RCT and RWD 

by including the propensity score in the imputation model. Given that using the 

propensity score in regression models is the least recommended method for propensity 

scores implementation160, future research which tests this approach should first 

investigate the potential to increase bias. Additionally, linking administrative claims data 

and RCT data with external data sources such as census data or other national surveys 

could facilitate the inclusion of community and psychosocial factors in the imputation 

model.  Synergized real-world data sources which capture clinical factors from 

administrative claims and/or electronic health records, individual level psychosocial 

factors (i.e. poverty, education, social functioning) and community contextual factors (i.e. 

crime, health care resource, community deprivation) are needed. In 

pharmacoepidemiology major initiatives such as the Food and Drug Administration’s 

Sentinel program201 and Observational Health Data Sciences and Informatics (OHDSI)202 

have combined administrative claims data and/or electronic health records across 

different sources of data into a common data model. Future research building off of these 

initiatives to combine data across multiple sources (i.e. administrative claims, electronic 

health records, census data, national surveys and RCTs) could facilitate the use of 

external factors in the imputation model.  

In summary, this dissertation research offers evidence which can be used to 

inform actionable practice changes to promote more effective antidepressant management 

in children and adolescents diagnosed with depression. The results also have implications 

for advancing analytical methods for bridging the gap between evidence from RCTs and 
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real world settings in order to enrich our understanding of real world practice patterns and 

their impact on health outcomes of children and adolescents diagnosed with depression. 
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7 APPENDICES 

7.1 Technical supplement of analytic methods for Aims 1 and 2 

Handling missing data 

 Within RCT imputation was conducted to handle missing predictor variables. 

Using the rule of thumb 5% threshold,138 mean imputation was applied for predictor 

variables with less than 5% missing data and multiple imputation (MI) by fully 

conditional specification (FCS) was used to impute values for predictor variables with 

5% or more missing data.139,140 MI by FCS is a flexible method that allows imputation for 

both continuous and categorical variables on a variable-by-variable basis. As such an 

appropriate regression model can be specified for each variable based on the conditional 

distribution.139  A regression or predictive mean matching can be applied for missing 

continuous variables, a logistic method can be used for binary or ordinal variables, and a 

discriminant function method can be used for binary or nominal variables. In the MI by 

FCS methods used in this study, the appropriate method was applied for each variable 

given the conditional distribution.164   

Within RCT imputation was applied to the entire sample of youth who completed 

12 weeks of follow-up (total n=1,094; TADS n=378; HMCK n=257; HMCL n=307; 

HCJE N=152). This was done to allow all participants to contribute to the imputation in 

order to reduce bias. Table 7.1.1 below, shows the overall proportion of missing variables 

within each trial among children and adolescents who completed 12 weeks of follow-up. 

Of the 602 participants that were included in the study sample for Aim 1, n=65 (10.8%) 

were those for which predictor variables were imputed (Table 7.1.2). Of the 399 



128  

participants that were included in Aim 2, n=41 (10.3%) were those for which predictor 

variables were imputed (Table 7.1.3). 

Table 7.1. Proportion missingness for predictor variables with missing data within each 

trial among participants who completed 12 weeks of follow-up (n=1,094)  
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Table 7.2 Aim 1 - Proportion missingness for predictor variables with missing data 

within each trial (n=602) 
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Table 7.3. Aim 2 - Proportion missingness for predictor variables with missing data 

within each trial among participants in the Aim 2 analytical sample (n=399) 

 

Bayesian Analysis 

A Bayesian logistic regression analysis was performed to predict response as a 

function of baseline to week six change in symptoms and other predictors.  In a Bayesian 

analysis, we derive posterior distributions by combining the information from the current 

data and evidence from prior data (informative priors).24,203The general form and 

Bayesian implementation of the logistic model are presented in Equations 7.1 and 7.2. 



131  

 

For internal validity, the pooled RCT dataset was split into a training (70%) and a 

validation (30%) dataset. The training dataset was used to develop the predictive model. 

Analysis of the training dataset assumed non-informative uniform priors for the 

parameters (i.e. P(𝛽) ~ uniform (15,15)). Sensitivity analysis specified priors with a 

normal distribution and large variance (µ=0, σ2=1,000) and Cauchy distribution [intercept 

(0,10), parameters (0,2.5)] to test the uncertainty of the priors and to assess the impact of 

variations in uncertainty on the posterior distribution of each parameter in the trained 

model. Tables 7.1.4 and 7.1.5 presents the mean, standard deviation, and 95% credible 

interval (CI) of the posterior distribution of the parameter estimates in the training dataset 

and the associated prior sensitivity analysis for Aims 1 and 2. The deviance information 

criterion (DIC) used to evaluate model fit is also presented. The results indicate that the 

posterior distribution was robust to variations in uncertainty of the prior. 

For each individual in the validation dataset, we calculated the posterior 

probability of response as a function of observed characteristics of the patient and the 

mean (and uncertainty) of the posterior distribution of each parameter in the training 

model. The probability of response was estimated as P=  e^λ/(1+e^λ );  where a general 

form of λ is described in Equation 7.3, Xk represents all other predictors, and βk is a 

coefficient vector of the covariates; the corresponding coefficients (β) is the mean of the 

Equation 7.1 (general form of the Bayesian model): P (𝛽|y) ∝ [P (y|𝛽) *P(𝛽)]; where 

P (y|𝛽) = likelihood, P(𝛽) = prior, and P (𝛽|y) is the posterior distribution of a 

parameter 𝛽, given a dataset y. 

Equation 7.2 (Bayesian implementation of the logistic model): 

𝑦 ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝜇); 𝑙𝑜𝑔𝑖𝑡(𝜇) = 𝜆;  𝑃𝑟𝑖𝑜𝑟𝑠: 𝛽 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝑚𝑗 , 𝜏𝑗) 



132  

posterior distribution of parameters in the validation dataset and refer to log odds of 

response as a function of the predictors. 

Equation 7.3: λ =β0 + β1 Δ mood + β2 Δ somatic+ β3 Δ subjective + β4 Δ behavior+ βk Xk  

Table 7.4. Aim 1 - Posterior distribution of model parameter estimated with uniform 

priors (and prior sensitivity) in the training dataset a 
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Table 7.5. Aim 2 - Posterior distribution of model parameter estimates with uniform (and 

prior sensitivity) in the training dataset a 

 

Measures predictive performance 

 The predictive accuracy, sensitivity and specificity of the model was evaluated 

using Receiver-operating characteristics (ROC) area-under-the-curve (AUC) analysis in 

the validation dataset. The ROC curve shows the relationship between sensitivity and 1-

specificity across all cut-points defining the probability of response, with an AUC=1 

indicating perfect discrimination of responders and non-responders (values closer to one 

means better predictive accuracy), and an AUC=0.5 indicating minimal discrimination. 
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24,204  Sensitivity and specificity of the predictive model was calculated by identifying the 

ideal cut-point (c) to classify a responder given their posterior probability of response. 

Three criteria were used to determine the ideal cut-point (c): 

The Youdin Index (J), which measures overall efficiency and is the point on the ROC that 

is furthest from chance (AUC=.5). J=max(sensitivity(c)+specificity(c) -1. 

The closest to (0,1) criteria (ER), which is the distance from the perfect point on the ROC 

plot where 1-specifity=0 and sensitivity=1.  ER=min ([√(1 − sensitivity (𝑐))2 + (1 − 

specificity (𝑐))2 ]). 

Distance (D), which measures the minimum absolute difference between sensitivity and 

specificity. D=min (|sensitivity (𝑐)- specificity (𝑐)|). 24,205   

Tables 7.1.6 and 7.1.7, shows the cut-point(c) for each criteria and the associated 

sensitivity, specificity, true positives proportion, false positive proportion, and proportion 

misclassified in Aims 1 and 2. Each criterion was compared and the cut-point (c) that 

maximized sensitivity and specificity was selected. Individuals were then classified as a 

responder if their predicted posterior probability of response was equal to- or exceeded 

the threshold of cut-point(c). We compared the predicted response to the observed 

response to identify the proportion of individuals a) accurately predicted to respond (true 

positives), b) inaccurately predicted as responders (false positive), and c) the proportion 

misclassified (the false negatives and false positives). 
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Table 7.6. Aim 1 - Measures of predictive performance of the models using Receiver-

operating characteristics (ROC) area-under-the-curve (AUC) analysis a 
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Table 7.7. Aim 2 - Measure of predictive performance of the models in the validation 

dataset using Receiver-operating characteristics (ROC) area-under-the-curve (AUC) 

analysis a 
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7.2 Aim 1 - Baseline Characteristics of All Youth by Trial Among Youth with and 

without CGI-S at week 12 (N=1458) 
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Appendix 7.2 continued 
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7.3 Aim 1 - Characteristics of excluded placebo and included treated youth among 

youth with CGI-S at week 12 (N=1094) 
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7.4 Aim 1 - Characteristics of Treated Youth by Geography, Overall and 

Stratified by Trial (N=768) 
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7.5 Aim 1 - Characteristics of youth included in the study, by randomized 

treatment (N=602) 
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7.6 Aim 1 - Distribution of baseline to week 6 change in mood and somatic 

symptoms among those accurately predicted as responders, stratified by 

baseline CGI-S score  
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7.7 Aim 2 - Comparison of characteristics of responders (CGI-S≤3) and non-

responders at week 12, overall and by trial (n=602) 
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7.8 Aim 2 - Characteristics of week 12 responders (CGIS≤3), with and without 

CGI-S at week 18, overall and by trial (N=453) 
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7.9 Aim 2 - Comparison of characteristics of youth included in the study; by trial 

(N=399) 



146  

7.10 Aim 2 - Comparison of characteristics of youth included in the study; by 

treatment (N=399) 
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7.11 Aim 3 - TADS inclusion and exclusion criteria and their application in the 

IQVIA administrative claims data 
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7.11 Continued 
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7.11 Continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



150  

 

7.12 Aim 3 - Additional Methods Related to the Development of the Predictive 

Model 

Pooled individual patient-level data from one government and three industry 

sponsored randomized controlled trials for antidepressant in pediatric depression were 

used to develop the predictive model. These include the treatment for adolescents with 

depression study (TADS) funded by the National Institute for Mental Health (NIMH), 

and the F1J-MC-HMCL (HMCL), F1J-MC-HMCK (HMCK), and B1Y-MC-HCJE 

(HCJE) RCTs funded by Eli Lilly. Data for TADS was obtained from the National 

Database for Clinical Trials Related to Mental Illness (NDCT), a repository of the NIMH 

Data Archive (NDA) [NDA collection ID: 2145; ClinicalTrials.gov: NCT00006286]. 

Data for the three industry sponsors studies was obtained from 

ClinicalStudyDataRequest.com, a consortium of sponsors and funders that provide a 

platform for sharing patient-level data from clinical studies.132 HMCL and HMCK are 

registered on clinicaltrials.gov: NCT00849693 and  NCT00849901; HCJE is not 

registered. The study sample included children and adolescents ages 7-17 who were 

diagnosed with depression. We included those who a) received treatment with fluoxetine, 

b) completed 12 weeks of follow-up, and c) were a US-enrolled participant. 

The primary predictors of interest were baseline to week 6 changes in depressive 

symptoms from baseline to week six as measured by the Children Depression Rating 

Scale Revised (CDRS-R). The individual items of CDRS-R define specific symptom 

subscales.117,134 Based on clinical experience and theory, Poznanski et al117, the 

developers of the CDRS-R, defined four symptoms subscales as mood (i.e., depressed 
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feeling, depressed facial affect, irritability, excessive weeping), somatic (i.e., appetite 

disturbance, sleep disturbance, excessive fatigue, listless speech, hypoactivity, physical 

complaints), subjective (i.e., low self-esteem, excessive guilt, morbid ideation, suicide 

ideation) and behavior (i.e., difficulty having fun, social withdrawal, impaired school 

work). Consistent with the RCT literature,15,83,84  subscale scores are calculated by 

summing the individual items within each subscale. The absolute change in each 

symptom was calculated as the difference between the baseline and week 6 individual 

subscale score.  

The primary outcome of interest was response at week 12 defined as a score of 1 

or 2 on the Clinical Global Impression Severity Scale (CGI-S).  The CGI is consistently 

used in RCTs and is sensitive to distinguishing treatment severity and response. 120-122 The 

CGI-S is a component of the CGI that measures changes in the severity of 

psychopathology. The CGI-S is comprised of one question: “Considering your total 

clinical experience with this particular population, how mentally ill is the patient at this 

time?” The clinician’s response is rated on a 7-point scale from 1 (normal, not ill at all) to 

7 (amongst the most extremely ill patients).119  

Other key predictors of interest included demographic and clinical characteristics. 

Demographic characteristics were age at enrollment in the RCT (adolescents ages 12-17), 

gender and race. Clinical characteristics measured at baseline across all studies include 

first episode depression, family history of depression, use of psychotherapy, use of 

psychotropic medications (i.e., stimulants, mood stabilizers, anxiolytics, 

sedative/hypnotics, or other antidepressant), CGI-S score, and an indicator for trial. 

Comorbid psychiatric conditions measured at baseline, and between week one and week 
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six include anxiety or panic disorder, conduct or oppositional defiant disorder, attention 

deficit hyperactivity disorder, suicidal ideation or deliberate self-harm, substance use 

disorder or abuse, post-traumatic stress disorder or acute stress disorder, and manic 

disorder, schizophrenia, personality disorder, bipolar disorder, or psychosis.  Average 

weekly fluoxetine dose from week one to week six was also measured.  

A Bayesian logistic regression analysis 24, was performed to predict response as a 

function of baseline to week 6 change in symptoms and other predictors.  The general 

form and Bayesian implementation of the logistic model are presented in Equations 7.4 

and 7.5. 

For internal validity, the pooled RCT dataset was randomly split into a training 

(70%) and a validation (30%) dataset. The training dataset was used to develop the 

predictive model assuming non-informative priors (i.e. P (𝛽) ~ uniform (15,15)). During 

development of the predictive model in the training dataset parameters with a 95% equal-

tail credible interval (CI), the 2.5th and 97.5th percentile of the posterior distribution, 

including zero were removed from the model. Sensitivity analysis specified priors with a 

normal distribution and large variance (µ=0, σ2=1,000) and Cauchy distribution [intercept 

(0,10), parameters (0,2.5) ] to test the uncertainty of the priors and to assess the impact of 

variations in uncertainty on the posterior distribution of each parameter in the trained 

model. Table 7.12.1 presents the mean, standard deviation, and 95% credible interval 

(CI) of the posterior distribution of the parameter estimates in the training dataset and the 

Equation 7.4 (general form of the Bayesian model): P (𝛽|y) ∝ [P (y|𝛽) *P(𝛽)]; where 

P (y|𝛽) = likelihood, P(𝛽) = prior, and P (𝛽|y) is the posterior distribution of a 

parameter 𝛽, given a dataset y. 

Equation 7.5 (Bayesian implementation of the logistic model): 

𝑦 ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝜇); 𝑙𝑜𝑔𝑖𝑡(𝜇) = 𝜆;  𝑃𝑟𝑖𝑜𝑟𝑠: 𝛽 ~ 𝑛𝑜𝑟𝑚𝑎𝑙(𝑚𝑗 , 𝜏𝑗) 
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associated prior sensitivity analysis. The Deviance Information Criterion (DIC) was used 

to assess model fit (lower scores indicate better fit).  

Table 7.8. Aim 3 - Posterior distribution of model parameter estimates with uniform 

priors (and prior sensitivity) in the training dataset a 

 

The mean and uncertainty of the posterior distribution for each parameter estimate 

from the trained logistic regression model with uniform distribution was then used to 

obtain the posterior probability of response for trial participant in the validation dataset.  

The probability of response (P) was estimated as shown in Equation 7.6 below, where the 

general form λ is described in Equation 7.7. Xk represents all other predictors, and βk is a 

coefficient vector of the covariates; the corresponding coefficients (β) is the mean (and 

uncertainty) of the posterior distribution of parameters from the training dataset. 

 

Equation 7.6: P = 
𝑒𝜆

1+ 𝑒𝜆
      

 

Equation 7.7: λ =β0 + β1 Δ mood + β2 Δ somatic+ β3 Δ subjective + β4 Δ behavior + βk Xk  
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The predictive accuracy, sensitivity and specificity of the model was evaluated 

using Receiver-operating characteristics (ROC) area-under-the-curve (AUC) analysis in 

the validation dataset. The ROC curve shows the relationship between sensitivity and 1-

specificity across all cut-points defining the probability of response, with an AUC=1 

indicating perfect discrimination of responders and non-responders (values closer to one 

means better predictive accuracy), and an AUC=0.5 indicating minimal discrimination. 

24,204  Sensitivity and specificity of the predictive model was calculated by identifying the 

ideal cut-point (c) to classify a responder given their posterior probability of response. 

Three criteria were used to determine the ideal cut-point (c): 

1) The Youdin Index (J), which measures overall efficiency and is the point on the ROC 

that is furthest from chance (AUC=.5). J=max(sensitivity(c)+specificity(c) -1. 

2) The closest to (0,1) criteria (ER), which is the distance from the perfect point on the 

ROC plot where 1-specifity=0 and sensitivity=1.  ER=min ([√(1 − sensitivity (𝑐))2 + 

(1 − specificity (𝑐))2 ]). 

3) Distance (D), which measures the minimum absolute difference between sensitivity 

and specificity. D=min (|sensitivity (𝑐)- specificity (𝑐)|). 24,205   

The predicted response was compared to the observed response to identify the 

proportion of individuals a) accurately predicted to respond (true positives), b) 

inaccurately predicted as responders (false positive), and c) the proportion misclassified 

(the false negatives and false positives). Table 7.12.2 shows the ROC, the cut-point(c) for 

each criteria and the associated sensitivity, specificity, true positives proportion, false 

positive proportion, and proportion misclassified. 
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Table 7.9 Aim 3 - Measure of predictive performance of the models using Receiver-

operating characteristics (ROC) area-under-the-curve (AUC) analysis a 
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7.13 Aim 3 - Flow Chart of Commercially Insured Base Cohort Selection 
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7.14 Aim 3 - Comparison of Baseline Characteristics among TADS Enrolled (n=88) 

and the Commercially Insured Adolescents who were Fluoxetine Free for 6 

Months (n=601). 
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7.15 Aim 3 - Propensity Score Distribution Among TADS Enrolled and 

Commercially Insured Adolescents 
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7.16 Aim 3 - Comparison of Baseline Characteristics Among Adolescents Included 

and Excluded After Trimming Non-Overlapping Propensity Score 

Distribution (n=1,669) 
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7.17 Aim 3 - Comparison of Baseline Characteristics Among Adolescents Included 

and Excluded After Trimming Non-Overlapping Propensity Score 

Distribution, stratified by TADS and commercially insured cohort 
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7.18 Aim 3 - Comparison of Baseline Characteristics Between Matched and Not 

matched Adolescents After Propensity Score Matching 10:1 match using 0.01 

Caliper (n=1,041) 
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7.19 Aim 3 - Comparison of Baseline Characteristics Between Matched and Not 

matched Adolescents After Propensity Score Matching 10:1 Match Using 0.01 

Caliper, Stratified by TADS and Commercially Insured Cohorts 
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7.20 Aim 3 - Comparison of Characteristics among Commercially Insured Youth 

(before matching), with and without Augmentation 12-weeks after Fluoxetine 

Initiation (n=1,581) 
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7.20 Continued 
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7.21 Aim 3 - Comparison of the distribution of observed (i.e. TADS enrolled - 

Imputation 0) and imputed (i.e. Commercially Insured Adolescents - 

imputations 1 to 40) change in Mood and Somatic Symptoms – no matching. 

 

 

 

 

Im
p
u
ta

ti
o
n

 

Change in Mood Change in Somatic 

*Dot indicates the average imputed change score. P-value based on the Kolmogoriv-Smirnov 

test comparing the empirical distribution of observed vs. imputed change scores 
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