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Abstract

Objective: To identify predictors of medication-placebo differences in double-blind placebo-controlled antidepressant trials

in children and adolescents with anxiety and depression.

Methods: Clinical trials in patients <18 years of age with major depressive disorder or generalized, separation or social

anxiety disorders were obtained from PubMed, the Cochrane Database and clinicaltrials.gov searches from inception through

2019. Forty-nine trials (43 published and 6 unpublished) of anxiety (j = 13) and depression (j = 36) evaluated 19 antide-

pressants in 8642 child and adolescent patients; placebo and medication response rates, trial characteristics, disorder,

medication class, and funding source were extracted. Antidepressant-placebo differences were examined using Bayesian

hierarchical models and estimates of response were determined for trial design, disorder, and medication class variables.

Using meta-regression, correlates of antidepressant-placebo difference and placebo response were examined.

Results: Funding source differentiated medication-placebo differences regardless of disorder. Industry trials had larger placebo

response rates (mean difference: 0.189 – 0.066, credible interval [CrI]: 0.067 to 0.33, p = 0.0008) and smaller medication-

placebo differences (-0.235 – 0.078, CrI: -0.397 to -0.086, p = 0.005) compared with federally funded trials. However, med-

ication response was similar for industry- and federally-funded studies (-0.046 – 0.042, CrI: -0.130 to 0.038, p = 0.252).

Conclusions: The impact of study sponsorship on trial outcome supports the assertion that industry-funded trials with high

placebo response rates and small drug-placebo differences are ‘‘failed trials’’ and should not be described as ‘‘negative trials’’

or used to determine public health estimates of antidepressant efficacy in children and adolescents with anxiety and de-

pression. Identifying the proper role and value of industry-funded trials is critical to establishing the evidence base for

antidepressants in youth.
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Introduction

The randomized double-blind placebo-controlled trial

(DBPCT) has become the standard for evaluating medication

efficacy (Bothwell and Podolsky 2016). However, trial design and

study implementation directly influence the validity of trial data

and our ability to detect medication-placebo differences. Reviews

and meta-analyses of antidepressant trials in children and adoles-

cents with anxiety and depression often fail to observe antide-

pressant efficacy, particularly in depression trials. Many trials

included in these meta-analyses have active drug response rates in

the 55%–60% range, as well as placebo response rates that some-

times approach 60% and small medication-placebo differences

(*10%), which account for the apparent lack of efficacy. Frequ-

ently, these trials are deemed ‘‘negative’’ trials leading to the con-

clusion that antidepressants are ineffective. However, the quality of

study implementation in the majority of these trials has been

questioned suggesting that studies with high placebo response rates
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should be considered ‘‘failed’’ trials rather than ‘‘negative’’ trials

and thus inappropriate for inclusion in reviews and meta-analyses

(Walkup 2017).

Declining drug-placebo differences are consistently observed in

registration trials of antidepressants in adults, but the cause remains

elusive (Khin et al. 2011). Meta-analyses and systematic reviews

suggest that dosing strategies, more recently completed studies,

population heterogeneity, study sponsorship, and the inclusion of

active comparator medications contribute to antidepressants not

demonstrating efficacy (Rutherford and Roose 2013). In adults

with major depressive disorder (MDD), increased placebo response

rates are associated with antidepressants not demonstrating benefit

(Timothy et al. 2002; Papakostas et al. 2015; Furukawa et al. 2016)

and these high placebo response rates are seen in trials with more

treatment arms, fixed (rather than flexible) dosing strategies, higher

completion rates, longer trials, more study sites, and fewer patients

enrolled from academic sites (Sinyor et al. 2010; Enck et al. 2011;

Dunlop et al. 2012; Furukawa et al. 2016). Placebo response rates

also increase at the end of study recruitment suggesting the pres-

sure to complete the trial may impact rigor in implementation

(McGlothin and Viele 2018). Corresponding with the rise in pla-

cebo response rates, the pharmaceutical industry has moved from

academic sites with university-based Institutional Review Boards

(IRBs) to commercial clinical trials sites and centralized nonaca-

demic IRBs. Although more efficient in trial start up and imple-

mentation, reducing academic sites may boost placebo response

rates and decrease the likelihood of detecting drug-placebo dif-

ferences (Sinyor et al. 2010; Enck et al. 2011; Dunlop et al. 2012;

Strawn and Croarkin 2018).

Taken together, studies with high placebo response rates and

small drug-placebo differences force the question as to whether

these trials are truly ‘‘negative’’ trials or, more appropriately con-

sidered, ‘‘failed’’ trials due to implementation problems. It is im-

portant to note the incentive structure in pursuing a clinical

indication is clearly favorable to producing a high-quality trial;

however, the costs and time involved in enhancing rigor in large

multisite multinational trials may work against quality im-

plementation and result in an increasing number of failed trials.

In children and adolescents, few studies have examined trial

success variables beyond the impact of placebo response (Dobson

and Strawn 2016). Studies with more study sites, fewer Caucasians,

fewer males, fewer patient randomizations per site, and studies

led by inexperienced investigators (those lacking significant ex-

perience in the specific disorder and/or population being studied)

have higher placebo response rates (Bridge et al. 2009; Cohen et al.

2010; Walkup 2017).

The incentive structure for antidepressant trials in youth sets the

goal as trial completion, rather than outcome. Enacted in 1997, the

Food and Drug Modernization Act (FDAMA) incentivized medi-

cation trials in youth by providing 6 months of additional patent

exclusivity if a pediatric trial was undertaken, regardless of the

outcome. Extended patent exclusivity (and consequent revenue)

resulted in a surge of antidepressant (and other drug) trials from

1997 to 2007. Then, the Pediatric Research Equity Act of 2003

(PREA) required testing of newly approved medications in chil-

dren and adolescents if the ‘‘new drug is likely to be used in

children’’ to report safety and efficacy findings on the product label

(Field and Boat 2012). However, demonstrating efficacy was still

not required. Although financial incentives were initially provided

to the pharmaceutical industry (extended patent exclusivity), civil

penalties later followed for those who failed to conduct post-

marketing studies in children and adolescents. These factors and

the demand to rapidly complete these studies implicitly shifted

study motivation from ‘‘outcome’’ (efficacy evaluation for pedi-

atric indications) to ‘‘completion’’ (for regulatory and commercial

purposes).

This situation is perhaps best understood in terms of economic

theory. First, FDAMA/PREA failed to create an incentive mecha-

nism that would produce high-quality adequately powered suc-

cessful trials that could demonstrate both efficacy and safety.

Rather, these policies created an adverse incentive structure (i.e.,

incentives that produce the opposite effect to that intended);

FDAMA and PREA incentivized low-quality underpowered hastily

implemented trials in youth.

Economically, this problem can also be viewed in terms of ex-

ternalities (i.e., economic activity that affects a third party that is

not directly involved in or benefiting from the activity). Success-

fully implemented trials produce positive externalities in that they

increase clinical knowledge and lead to superior treatments for all

of society. Poorly implemented trials produce negative externalities

because they reduce the clarity of accumulated evidence or present

misleading information and reduce knowledge acquisition. Since

only internal benefits (i.e., activities that are financially ad-

vantageous to corporate sponsors) are considered by the industry

sponsors of clinical trials, one of the main economic roles of

government is to produce/incentivize positive externalities and

limit/disincentivize negative externalities. In the current climate,

many of the trials conducted under FDAMA/PREA have disin-

centivized the positive externality associated with carefully im-

plemented meticulously conducted trials that were positioned to

demonstrate efficacy. Future policy initiatives should, therefore,

carefully consider the impact a proposed policy will have on in-

centives, and structure the policy to obtain the desired external

effects on knowledge acquisition and overall benefit to society.

Despite recognition of multiple factors that influence drug-

placebo differences, evaluating these differences across studies

involves formidable challenges. These include (1) accounting for

both observed and unobserved heterogeneity, (2) capturing the

fundamentally hierarchical structure of the studies, (3) pooling data

across trials to achieve an acceptable risk of type II error, and (4)

leveraging prior data to accurately assess outcomes (Quintana et al

2017; Lewis and Angus 2018). However, these limitations in con-

ventional meta-analytic approaches can be addressed by Bayesian

hierarchical models (BHMs). BHMs integrate multilevel informa-

tion that allows multiple effects to be estimated in parallel and

separates the observed variability into parts attributable to ‘‘random

differences and true differences’’ (McGlothlin and Viele 2018).

This allows better assessment of heterogeneity and provides more

precise estimates of the treatment effect without relying on large

sample assumptions. BHMs do not require assuming complete het-

erogeneity, as has been common in prior meta-analyses, instead

modeling the degree of heterogeneity through estimation of an

individual effects distribution.

The pressure to complete trials within budget, and on time, may

come with the risk of trial failure. It is critical to identify predictors

of ‘‘failed’’ clinical trials as ‘‘the inevitable outcome is delay and

increasing inefficiency in the development of new antidepressants’’

(Mancini et al. 2014). Moreover, the inclusion of failed trials—

particularly when the result of poor trial implementation—degrade

the estimated effect determined in meta-analyses, which results in

confusion among clinicians, patients, families, and policy makers

(Walkup 2017). With these considerations in mind, we examined

factors that potentially influence clinical trial outcome in children

and adolescents with anxiety and depressive disorders.
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Methods

Search strategy

The studies included were primarily obtained through an elec-

tronic database search of English language articles in PubMed, the

Cochrane Database, and the U.S. government clinical trials registry

located at www.clinicaltrials.gov. The following search strategies

were utilized within databases: (adolescent* OR children OR pe-

diatric OR youth) AND (anxiety OR generalized anxiety disorder

OR GAD OR depression OR MDD) AND (selective serotonin re-

uptake inhibitor OR SSRI OR serotonin norepinephrine reuptake

inhibitor OR SNRI OR selective serotonin norepinephrine reuptake

inhibitor OR fluoxetine OR paroxetine OR sertraline OR citalo-

pram OR escitalopram OR venlafaxine OR duloxetine OR nefa-

zodone OR imipramine OR clomipramine OR fluvoxamine OR

mirtazapine OR nortriptyline OR desipramine OR amitriptyline

OR desvenlafaxine OR vilazodone). Search results were filtered for

clinical trials in the child and adolescent population. Cochrane

reviews, reference lists, and Supplementary Materials were hand-

searched for additional relevant trials. Results were then cross-

checked and limited to randomized DBPCTs of antidepressants in

anxious or depressed youth (Fig. 1).

Study inclusion criteria

Randomized DBPCTs evaluating the safety, efficacy, and tol-

erability of antidepressants for the treatment of youth with anxiety

disorders and MDD were included for review. Consistent with

recent meta-analyses in this population with MDD and anxiety

disorders, studies were excluded if they included adults (age

>19 years), did not study an antidepressant, were not randomized,

were not placebo controlled, or provided adjunctive psychotherapy

to the active or control groups being analyzed (Dobson and Strawn

2016; Varigonda et al. 2016).

Data extraction

Extracted data were recorded into an Excel (Microsoft, Red-

mond, WA) spreadsheet. Based on prior research in adults, our

hypotheses and considerations for the child and adolescent popula-

tion, we extracted data regarding the following: (1) patient char-

acteristics (i.e., age, gender, and patient enrollment per site), (2)

study design (i.e., treatment arms, trial duration, fixed vs. flexible

dosing strategies, study drug and class, and placebo lead-in peri-

ods), and (3) implementation (i.e., funding type, enrollment period,

international sites, completion rates, and discontinuation rates).

The efficacy of antidepressants was reported in terms of primary

categorical outcome measures, placebo response rates (%), and

medication response rates (%), when applicable.

Statistical methods

Analyses were based on data from acute treatment phases; data

from extension and placebo lead-in phases were excluded. As

previously described, a BHM was applied to evaluate response.

BHMs—which assume that the degree of heterogeneity across

studies is unknown—facilitate the examination of the sensitivity of

the results to varying degrees of heterogeneity, including complete

heterogeneity (i.e., the studies are entirely unrelated) (Mills and

Strawn 2020). The BHM was specified as a Beta-Binomial with

FIG. 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram for selection of antidepressant trials in child
and adolescent anxiety and depression.
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hierarchical parameters, h, the mode across studies, and K, the

degree of heterogeneity across studies. The hierarchical prior used

herein is h ~ Beta ah, bhð Þ, with ah¼ 3, bh¼ 2 for a relatively un-

informative prior, K ~ Gamma aK, bKð Þ, with aK¼ 10 , bK ¼ 20 to

estimate the degree of heterogeneity. Models were generated from

Hamiltonian Monte Carlo simulation, as previously described

(Mills and Strawn 2020). From the BHM posterior simulation

samples, we determined the probability for each trial outcome (i.e.,

medication-related improvement, placebo-related improvement,

difference in placebo-medication improvement) and report this

probability with the 95% credible interval (CrI).

Sensitivity analyses were conducted in which the posterior den-

sities of differences in risk rates were examined for SSRIs, SNRIs,

and tricyclic antidepressant (TCA) trials in patients with depressive

or anxiety disorders. The extent to which the estimated unobserved

heterogeneity across trials influenced our findings was examined by

comparing the BHM with a model assuming complete homogeneity

of studies so that patient outcomes are exchangeable across all

studies and risk of incidence is assumed the same for all studies.

Statistical heterogeneity was quantified with standard measures:

the Q statistic (i.e., weighted sum of squared differences between

individual study effects and the pooled effect across trials), I2 (i.e.,

heterogeneity-related variance rather than variance attributed to

sampling error), and s2 (i.e., variance among true effect sizes)

(Higgins et al. 2003; Higgins 2008). Furthermore, the variance

parameter K in the BHM can be considered a Bayesian measure of

heterogeneity and reflects between study heterogeneity variance in

probability of response associated with medication or placebo.

Analyses were conducted in R (version: 3.4.3) and Julia (ver-

sion: 1.2.0) (Bezanson et al. 2014). The BHMs were each estimated

using 5000 iterations of the ‘‘No U-Turn’’ Hamiltonian Monte

Carlo sampler in Turing.jl (Ge et al. 2018). The posterior Markov

Chain Monte Carlo samples provide a simulation sample of the

difference in response between medication and placebo. Kernel

density estimates for this sample numerically approximate the ex-

act posterior density for the difference, with a larger simulation

sample leading to a higher degree of accuracy. Mean probability of

response rate, standard deviations (SDs), and CrIs are then com-

puted directly from the simulated posterior sample, along with the

posterior density ratio (PDR) representing posterior odds against

the null hypothesis (i.e., there is no difference) and a Bayesian

posterior p-value (Kruschke 2014; McGlothlin and Viele 2018;

Mills and Strawn 2019).

For all analyses, Bayesian PDRs and Bayesian equivalents of a

frequentist p-value for evidence against the null hypothesis (H0)

were determined and considered statistically significant at the

p < 0.05 level. Means are represented – their SDs and precision

is expressed as 95% CrIs. Regarding multiple comparisons, a

Bayesian inferential approach was selected as it eliminates the need

to adjust for multiple comparisons given the sequential relationship

between inference and hypothesis testing (Kruschke 2014).

Results

Selection of studies and study characteristics

The preferred reporting items for systematic reviews and meta-

analyses diagram in Figure 1 provides a visual for clinical trial

selection, which yielded 49 studies for inclusion. Overall, through

the specific search strategy previously described, 438 citations were

identified by the initial search and 58 potentially eligible articles

were screened with 53 assessed for eligibility; 49 DBPCTs in-

cluding >900 study sites and 8642 patients between the years 1971

and 2019 were included (Table 1). Of these included trials, 19

antidepressants from 5 medication classes were analyzed, with

Table 1. Trial Design and Patient Characteristics

Anxiety studies Depression studies Significance Federally funded Industry funded Significance

Trial category,
n (%)

Federal
(n = 9; 69%)

Federal
(n = 7; 21%)

0.001 Anxiety
(n = 9; 56%)

Anxiety
(n = 3; 11%)

0.001

Industry
(n = 3; 23%)

Industry
(n = 21; 62%)

0.010 MDD
(n = 7; 44%)

MDD
(n = 21; 81%)

0.008

Unknown
(n = 1; 8%)

Unknown
(n = 6; 18%)

0.260 Unknown
(n = 0; 0%)

Unknown
(n = 2; 8%)

0.219

Dosing, n (%) Fixed (n = 5; 38%) Fixed (n = 11; 32%) 0.333 Fixed (n = 7; 44%) Fixed (n = 5; 19%) 0.048
Flexible

(n = 8; 62%)
Flexible

(n = 20; 59%)
0.450 Flexible

(n = 9; 56%)
Unknown

Flexible
(n = 17; 65%)

0.276

Unknown
(n = 0; 0%)

Unknown
(n = 3; 9%)

0.248 (n = 0; 0%) Unknown
(n = 4; 15%)

0.075

Placebo lead-in
period, n (%)

Lead-in
(n = 2; 15%)
(2/13)

Lead-in
(n = 14; 41%)
(14/34)

0.055 Lead-in
(n = 5; 31%)
(5/16)

Lead-in
(n = 9; 35%)
(9/26)

0.427

Enrollment per
site, n

31.9 – 24.7 19.6 – 19.7 0.355 39.7 – 26.4 10.3 – 5.0 0.147

Screening size, n 215.4 – 170.6 411.3 – 239.0 0.259 251.1 – 283.7 439.1 – 166.2 0.292
Randomized

participants
136 – 121 197 – 143 0.378 85 – 82 257 – 121 0.129

International,
n (%)

n = 2/13; 15% n = 9/32; 28% 0.219 n = 1/16; 6% n = 9/25; 36% 0.017

Female (%) 49.9% – 12.8 54.4% – 9.4 0.395 49.8% – 14.1 54.7% – 6.3 0.376
Mean age (years) 11.9 – 1.5 13.9 – 1.9 0.213 12.7 – 2.2 13.6 – 1.4 0.370
Age range (years) 5–17 6–19

Enrollment per site, screening size, and participants randomized are reported as means – standard deviation.
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fluoxetine (j = 7) being the most common (Supplementary

Table S1). Regarding medication class, selective SSRIs and

TCAs were the most widely studied, representing more than half

of the included studies (Supplementary Table S2).

Study characteristics

Federal (33%) and industry (57%)-sponsored randomized

DBPCTs of anxiety (27%) and MDD (73%) in children and ado-

lescents were included. In addition, trial dosing was fixed in 33% of

trials (n = 16) and flexible in 57% (n = 28) and 33% had a placebo

lead-in. Five trials included a comparison medication (fluoxetine,

n = 4; imipramine, n = 1) and 11 studies (22%) were performed

internationally. The mean enrollment per study was 176 patients

(medication, n = 94; placebo, n = 81; comparator, n = 89) with a

range of 20–529 patients. On average, 23 patients were randomized

per study site. The median treatment duration was 8 weeks (inter-

quartile range 8–10). Approximately half of the sample was female

(53%) and the mean age was 13 years (drug mean age: 13; placebo

mean age: 13; comparator mean age: 14). Descriptive statistics for

anxiety (j = 13) and depression (j = 36) studies and for federally-

funded and industry-funded trials are provided in Table 2.

Across trials, there was no evidence of heterogeneity for placebo

response (Q’s 0.024 to 3.348, all p’s > 0.9) or medication response

(Q’s 0.038 to 1.322, all p’s > 0.9; see Supplementary Table S3,

available online). Similarly, other heterogeneity statistics (i.e., I2

and s2) did not suggest heterogeneity (see Supplementary Table S3,

available online).

Medication response

Medication response (based on clinical global impression-

improvement response criteria or other categorical response criteria)

did not differ between industry- (0.607 – 0.018, CrI 0.571 to 0.642) and

federally funded trials (0.653 – 0.038, CrI 0.575 to 0.728, p = 0.252;

Table 2; Fig. 2). Furthermore, medication response did not differ be-

tween industry- and federally funded studies of youth with anxiety

disorders ( p = 0.335) or MDD ( p = 0.741). In industry-funded tri-

als, treatment response was associated with average patient en-

rollment ( p = 0.039) and number of sites ( p = 0.023), but not with

depression ( p = 0.705) or the percentage of female participants

( p = 0.812). In federally funded trials, medication response rate was

not associated with average patient enrollment ( p = 0.574), de-

pression ( p = 0.141), percentage of girls ( p = 0.411), or the number

of sites ( p = 0.639).

Regarding design and implementation characteristics, flexible

dosing ( p = 0.099), the study of an SSRI ( p = 0.110), completion

rate ( p = 0.341), and the proportion of international sites ( p = 0.94)

did not predict treatment response.

Placebo response

Placebo response was significantly larger in industry-funded

(0.506 – 0.002, CrI 0.462 to 0.549) compared with federally funded

MDD trials (0.317 – 0.062, CrI 0.175 to 0.430) ( p = 0.0008;

Table 2; Fig. 2). There were insufficient trials to compare placebo

response between industry- and federally funded trials of anxiety

disorders. Across all trials, greater placebo response was associ-

ated with a higher proportion of females ( p = 0.005), depression

( p = 0.017), and number of sites ( p = 0.027). For each 10% increase in

female enrollment placebo response rate increased by 5.47 – 1.77%,

and for every increase in the number of sites by 10 placebo re-

sponse increased by 2.74 – 1.17%. Finally, no statistically significant
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differences were observed between average completion rates for

medication-treated patients (77.3%) and those who received pla-

cebo (76.6%).

Regarding design and implementation characteristics, flexible

dosing ( p = 0.434), the study of an SSRI ( p = 0.337), and the per-

centage of placebo completion ( p = 0.606) did not predict placebo

response. However, a greater percentage of girls enrolled in the trial

was significantly associated with placebo response ( p = 0.039),

whereas the number of international sites ( p = 0.094) was associ-

ated with placebo response at a 10% threshold.

In industry-funded trials, placebo response was predicted by

depression and trended toward being associated with the number

of sites (2.107, p = 0.059, 95% CrI -0.0148 to 0.676) but was

not associated with average patient enrollment ( p = 0.279) or the

percentage of female participants ( p = 0.211). In federally funded

studies, average patient enrollment ( p = 0.450), depression ( p =
0.235), percentage of female participants ( p = 0.078), and number

of sites ( p = 0.331) were not associated with placebo response.

There is high correlation between the funding indicator variable

and the number of study sites (r = 0.77), so both cannot be included

in the same model due to multicollinearity.

Medication-placebo differences

Differences in medication and placebo response were signifi-

cantly larger in federally funded (0.336 – 0.072, CrI 0.199 to 0.492)

compared with industry-funded trials (0.101 – 0.028, CrI 0.0.047 to

0.156) ( p = 0.005; Table 2; Fig. 2). There were an insufficient

number of anxiety SSRI trials to compare industry versus federal

funding; however, for depression trials involving SSRIs, medication-

placebo differences were smaller in industry-funded (0.079 –

0.036, CrI -0.015 to 0.177) compared with federally funded trials

(0.242 – 0.062, CrI: 0.227 to 0.359) ( p = 0.042; Supplementary

Table S4).

Discussion

This meta-analysis is the largest examination of medication and

placebo response in children and adolescents with anxiety and de-

pressive disorders. Whether these trials demonstrate the value of an-

tidepressant medication as compared with placebo is primarily related

to the funding source; drug response appears relatively consistent,

whereas industry funding drives placebo response upward. This anal-

ysis replicates and extends the findings of prior analyses that find that

trial outcomes depends on placebo response rates—rather than medi-

cation response rates and that whether a trial demonstrates efficacy is

dependent on funding source (Bridge et al. 2009; Locher et al. 2017).

These findings call into question policies, practice guidelines, and

meta-analyses that include the large number of industry-sponsored

antidepressant trials when examining the efficacy of antidepressant

medications in children and adolescents. In addition, these results are

directly relevant to regulatory agencies and indicate that clinical trial

design and implementation ultimately determine whether interven-

tions effective for adults with anxiety and depression can be identified

as effective in industry trials in children and adolescents.

Across disorders, federally funded trials have nearly a 25%

greater chance of demonstrating efficacy compared with industry-

funded trials ( p = 0.005). This is driven by an almost 20% greater

chance of elevated placebo response in industry-funded trials

( p < 0.001), whereas medication response is nearly identical

( p = 0.252). Differences in implementation may account for the

pattern of failed industry-sponsored depression studies, including

FIG. 2. Probability of events in all studies, anxiety studies and depression studies as a function of funding source. SSRI, serotonin
norepinephrine reuptake inhibitor.
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trials conducted for regulatory purposes with large number of sites,

few patients per site and prepubertal depressed patients, and pres-

sure to complete trials under the FDAMA incentive before their

respective patents expired (US FDA 2002; Bridge et al. 2007).

Given that the response rates of medication are similar across ran-

domized controlled trials and placebo response varies based on spon-

sorship, it is possible that the ‘‘superiority’’ of an intervention reflects

differences in study sponsorship, rather than the medication itself

(Emslie et al. 1997). As an example, fluoxetine was the first SSRI to be

marketed in the United States and the only SSRI ever studied in fed-

erally funded pediatric major depression studies (Emslie et al. 1997).

Under blinded conditions, the two federally funded studies were able to

keep the placebo response rate low in a range considered ideal (33%–

35%), substantially contributing to finding fluoxetine effective

(Iovieno and Papakostas 2012). Given that the other SSRIs were only

studied in industry-sponsored depression trials with high placebo re-

sponse rates and small drug placebo differences, we cannot draw

conclusions about their relative efficacy in teen depression.

Thus, the frequent finding of fluoxetine’s ‘‘superiority’’ in many

meta-analyses of antidepressants in youth may be related to rigor

required by federal funding (Cipriani et al. 2016; Strawn and

Walkup 2020). We would suggest that although the SSRIs may

differ in structure, they have similar mechanism of action and in

properly selected patients, they should also be effective. We would

posit that it is not accurate to build policy or practice guidelines or

even suggest that fluoxetine is the only effective antidepressant for

adolescent depression. Thus, clinicians considering an antidepres-

sant for a depressed or anxious child or adolescent should not

presume that fluoxetine, as identified in meta-analyses, is singularly

effective. Rather, clinicians should consider SSRIs as a class and

match key differences among antidepressants such as tolerability

and pharmacokinetics to their patient’s specific needs.

The incentive structure that subtends the findings of this meta-

analysis warrants additional discussion. Initially, the pharmaceu-

tical industry received incentives and later civil penalties for failing

to conduct postmarketing studies in children and adolescents. This

resulted in a de facto shift in the study goal away from evaluating

efficacy, as in federally funded trials, to satisfying a regulatory

requirement. In essence, the study outcome becomes moot. For

example, to satisfy FDAMA requirements, two studies of serotonin

modulators in children and adolescents with GAD were conducted

for a mere 6 months and involved nearly 600 patients who were

described as without any ‘‘comorbidity’’ (Strawn et al. 2017). In

contrast, federally funded trials that demonstrated the efficacy of

SSRIs in pediatric anxiety disorders enrolled a similar sample size

(N = 488), required >5 years to be completed and included the

expected, high rates of anxiety comorbidity (Walkup et al. 2008).

The differences between these studies are striking not just in terms

of funding, but in terms of placebo response rates (*50% vs. 24%),

number of sites (82 vs. 6 sites), and investigator expertise. As

illustrated by this juxtaposition, to satisfy requirements while

benefiting from patent extensions, the industry sponsor of the se-

rotonin modulator needed to identify large groups of investigators

who could quickly recruit, engage, treat, and retain a large number

of participants (Walkup 2017). Not unexpectedly, the assembly of

such a study team often required study investigators who were not

child and adolescent psychiatrists (note: during this era, there were

very few child and adolescent psychiatrists specializing in anxiety,

who were capable of running such a study), but rather an assemblage

of unidentified clinicians from a variety of backgrounds that in-

cluded adult and child psychiatrists from academia, private practice,

as well as for-profit research-dedicated clinics (Walkup 2017).

FDAMA and PREA have, at best, guaranteed that large clinical

trials will be conducted in children and adolescents. However, there

remains no impetus for the pharmaceutical industry to conduct

high-quality trials demonstrating efficacy in children and adoles-

cents. More carefully developed and implemented federal policies

could create the incentive structure to conduct trials that are poised

to demonstrate efficacy and safety. These policies and the regula-

tory agencies that implement them could (1) improve clinical trials

methodology, (2) incentivize clinician-scientists with the necessary

expertise to conduct these trials (Walkup 2017), (3) leverage con-

temporary statistical approaches (Suresh et al. 2020), or even (4)

include synthetic placebo data from high-quality prior trials to

control the burgeoning placebo response rates.

Even though this is the largest meta-analysis of the factors that

contribute to antidepressant and placebo response in children and

adolescents with depressive and anxiety disorders, there are several

important limitations that warrant additional discussion. First, these

analyses rely on the beta-binomial distributional assumptions of the

model for placebo and medication response rates. This assumption

is standard and can be justified as a reasonable approximation to the

data generating process resulting from a randomizing controlled

clinical trial. The availability of the raw data would allow for

testing of this assumption and evaluation of continuous outcome

measures. Second, despite the general similarity of studies and our

use of BHM to address the influence of exchangeability assump-

tions, unobserved factors may still affect the likelihood of medi-

cation or placebo response. Third, trial duration varied and could

influence the probability of placebo or medication response.

What then is the value of an industry-sponsored study? Clearly,

even ‘‘failed’’ trials can provide data on the potentially unique

safety profile of antidepressants in children and adolescents. That

said, if implementation affects study efficacy outcomes, one might

have to consider safety signals in ‘‘failed trials’’ to also be suspect.

Working to develop a strong methodology for adverse event

monitoring could make even ‘‘failed trials’’ in children and ado-

lescents more informative. Adjusting expectations for industry-

sponsored trials would also be beneficial to the field. If one

presumed that, even with the ‘‘gold standard’’ approach of a

double-blind placebo-controlled RCT, that implementation chal-

lenges might occur and lead studies to be failed, one could interpret

the literature more accurately. It is not uncommon for registration

trials to have mixed outcomes—some trials demonstrate efficacy

and some do not; that inconsistency could be properly interpreted if

there was greater transparency regarding why some studies succeed

and some fail, especially if the monitoring of implementation was

more focused on the quality of the clinical assessment. There is

great pressure on clinical trialists to recruit, treat, and retain. One

method of sample maintenance is a positive attitude of the trialist

and substantial support and encouragement for the participant—all

of which would enhance placebo response especially in depression

trials. It would also be valuable to collect data on the clinical

trialists involved in industry-sponsored studies to identify those

trialists capable, under blinded conditions, to identify drug from

placebo response. Such a registry of trials completed, and site out-

come could encourage trialists to develop true expertise in clinical

assessment. In addition, if high placebo response rates due to im-

plementation problems were to be expected, it would also be easier

to see the value of small drug-placebo differences as reflecting a

potential signal of efficacy but not necessarily a reflection of the

public health value of the medication. In short, one could consider

the medication to have some value based on trial outcome, but that

outcome should not be considered when evaluating how that
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medication would perform in the hands of a well-trained clinician

and a properly selected patient or be included in meta-analyses or

drive policy or treatment guidelines.

Summary

The differences in placebo response and the subsequent vari-

ability in medication-placebo differences for industry- and feder-

ally funded trials underscore the scientific and clinical factors that

may have coalesced in the post-FDAMA regulatory environment

and resulted in a number of ‘‘failed trials’’ in children and ado-

lescents (Walkup 2017). This raises the question of whether these

trials should be included in reviews or meta-analyses that seek to

determine the public health value of antidepressants in the treat-

ment of children and adolescents with anxiety and depression.

Ultimately, identifying the proper role and value of industry-funded

trials completed for regulatory purposes is critical to establishing

the true evidence base for antidepressants in child and adolescent

anxiety and depression. Finally, these results remind clinicians of

the importance of context in evaluating the evidence base for in-

terventions in children and adolescents (Strawn and Walkup 2020).
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