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More than fifteen years ago, it was noted that the failure rate of antidepressant clinical trials was high, and such negative outcomes were
thought to be related to the increasing magnitude of placebo response. However, there is considerable debate regarding this phenomenon and
its relationship to outcomes in more recent antidepressant clinical trials. To investigate this, we accessed the US Food and Drug Administra-
tion (FDA) reviews for sixteen antidepressants (85 trials, 115 trial arms, 23,109 patients) approved between 1987 and 2013. We calculated the
magnitude of placebo and antidepressant responses, antidepressant-placebo differences, as well as the effect sizes and success rates, and com-
pared these measures over time. Exploratory analysis investigated potential changes in trial design and conduct over time. As expected, the
magnitude of placebo response has steadily grown in the past 30 years, increasing since 2000 by 6.4% (r=0.46, p<0.001). Contrary to expecta-
tions, a similar increase has occurred in the magnitude of antidepressant response (6.0%, r=0.37, p<0.001). Thus, the effect sizes (0.30 vs. 0.29,
p=0.42) and the magnitude of antidepressant-placebo differences (10.5% vs. 10.3%, p=0.37) have remained statistically equivalent. Further-
more, the frequency of positive trial arms has gone up in the past 15 years (from 47.8% to 63.8%), but this difference in frequency has not
reached statistical significance. Trial design features that were previously associated with a possible lower magnitude of placebo response were
not implemented, and their relationship to the magnitude of placebo response could not be replicated. Of the 34 recent trials, two imple-
mented enhanced interview techniques, but both of them were unsuccessful. The results of this study suggest that the relationship between the
magnitude of placebo response and the outcome of antidepressant clinical trials is weak at best. These data further indicate that anti-
depressant-placebo differences are about the same for all of the sixteen antidepressants approved by the FDA in the past thirty years.
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Fifteen years following the advent of several new antide-
pressants in the mid-1980s, it became evident that the
“success” rate of antidepressant clinical trials was low; less
than 50% of trials demonstrated statistical superiority for anti-
depressants over placebo’?. Following Walsh et al’s finding® of
a rising placebo response, it was assumed that the clinical trial
failure rate was related to this phenomenon®.

Investigators have attempted to determine if the increasing
placebo response in antidepressant clinical trials observed by
Walsh et al® continues to this day. Meta-analytic reviews of
antidepressant clinical trials®®, or psychotropic trials in general’,
as well as patient-level data in trials for major depression®
have converged in showing that the placebo response has con-
tinued to grow over the past 15 years. Furthermore, Khin et al’
conducted an internal review for the US Food and Drug
Administration (FDA), which seemed to confirm that the mag-
nitude of placebo response was continuing to increase.
Although this group of investigators had access to specific
data, they did not identify the antidepressant trials that they
reviewed.

One discordant voice is a study published by Furukawa
et al'®, which contradicts the observation of an increase in pla-
cebo response rate in more recent trials. These investigators
conducted a review of 252 depression studies, examining the
rate of therapeutic response to placebo using various depen-
dent measures. They surmised that the proportion of placebo
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responders, defined as patients with 50% or greater reduction
in depressive symptoms, had remained the same after 1991.
However, no mechanism was offered to explain this shift from
a growing placebo response to a steady one'', nor did the
authors evaluate the effect of such a phenomenon on the out-
come of antidepressant clinical trials.

Concern over the impact of increasing placebo response on
antidepressant clinical trials has fueled a line of inquiry look-
ing for variables predicting higher rates of placebo response,
based on post-hoc analyses'®'®. Several hypotheses, such as
the idea that more severely depressed patients might be rela-
tively non-responsive to placebo, have been proposed on the
basis of associative observations from these analyses'**°. How-
ever, prospectively selecting more severely depressed patients
for antidepressant clinical trials has neither resulted in a reduc-
tion in magnitude of the placebo response nor in enhanced
antidepressant-placebo differences'®.

Research has illuminated other possible variables, such as
the flexible dosing of the investigational antidepressant, poten-
tially showing a relationship to reduction of placebo response'”.
This flexible dosing schedule has been suggested for use in anti-
depressant clinical trials but, as of now, not fully implemented.
Furthermore, retrospective analysis of earlier trials has found
that placebo response is higher in trials of longer duration'®
compared to shorter ones, although this phenomenon has not
been tested prospectively.
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Another hypothesis has been that the magnitude of placebo
response and its variability was related to the low reliability
among clinicians assessing depressed patients'®?!. It was
then recommended that patient sessions should be audio- or
video-taped and audited by a centralized group of specifically
trained raters to increase reliability. This type of enhanced
interviewing technique has been implemented, although its
effects on the outcome of more recent antidepressant trials
remain questionable**%3,

What stands out from these studies aiming to elucidate fac-
tors possibly mitigating placebo response in antidepressant
clinical trials is that such factors are elusive and complex, and
that their predictive ability varies across different contexts®*.
This lack of fruitfulness in pinpointing what may moderate
placebo response in antidepressant clinical trials has led to a
form of therapeutic nihilism.

In fact, following the observation that antidepressant effica-
cy in clinical trials appears more robust when severely de-
pressed patients are included, and that antidepressants do not
reliably perform better than placebo, criticism has been raised
regarding antidepressant’s overall therapeutic efficacy and
ability to treat the more mildly depressed population®>28,
However, other investigators do not agree with this view, con-
tending that the magnitude of the antidepressant-placebo
response in clinical trials does not reflect the actual therapeu-
tic efficacy of antidepressants in ordinary clinical practice®2,

However, in the midst of this investigative history, it has
become obvious that expectations for antidepressant effect
have changed as use of psychiatric medications has increased
exponentially in the past 30 years®®. For example, currently
one in six adults in the US are reported to have taken a psychi-
atric medication (primarily antidepressants) in the past year>*,
potentially indicating high regards for antidepressant efficacy.

This observation of a potential increase in expectations for
antidepressants has given credence to the theory that placebo
response has increased due to the heightened expectations of
clinicians and patients. Specifically, studies investigating this
theory>>>” showed that the higher the risk of receiving placebo
in an antidepressant clinical trial, the lower was the magnitude
of placebo response. The caveat is that this theory has not
been fully tested prospectively.

Given the possibility that the magnitude of placebo re-
sponse continued to increase in recent antidepressant clinical
trials and may have impacted the outcome of these trials, we
conducted the present study. We evaluated data from the med-
ical and statistical reviews of sixteen antidepressant programs
approved by the FDA from 1987 to 2013, comparing the earlier
antidepressant clinical trials to more recent ones.

We decided to conduct this analysis using the FDA clinical
trial database® for several reasons. First, these data are not
influenced by publication/investigator/analysis bias, while
these selectivity biases are common in the published litera-
ture®*?, Second, findings are verified at the source by the FDA
staff in order to authenticate them. Third, reviews conducted
by the FDA more often provide an analysis that includes the
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magnitude of antidepressant response as well as the magnitude
of placebo response, and clearly report the statistical analysis
used for efficacy approval of the antidepressant. Last, this data-
base is very large, with patient numbers in the tens of thou-
sands, allowing to observe patterns with more confidence.

We hypothesized that the magnitude of placebo response
has continued to increase in more recent antidepressant clini-
cal trials, and that such an increase in placebo response may
have reduced the frequency of successful trials. Also, we theo-
rized that an increase in placebo response would correspond
to a decrease in the antidepressant-placebo differences and
observed effect sizes of more recent antidepressant clinical tri-
als. Lastly, we explored if any of the research design features or
enhanced interview techniques proposed to help contain pla-
cebo response have been implemented, and if so, with what
results.

METHODS
Selection of trials

For the purpose of determining if the pattern of increasing
placebo response continued in antidepressant clinical trials fol-
lowing Walsh et al’s observation®, we formulated groups based
on this point in time. We assigned each trial for an investiga-
tional antidepressant to the year that the antidepressant was
approved, and grouped trials into pre-2000 and post-2000 ones.

We included only acute, parallel-group, double-blind, placebo-
controlled trials for investigational antidepressants approved
after registering a new drug application (NDA) program with
the FDA. Trials were included if they enrolled adult patients
with a primary diagnosis of major depressive disorder.

Data from treatment arms evaluating active comparator
antidepressants (approved antidepressants not under investi-
gation) were excluded from this analysis, due to the fact that
the focus of this examination was to characterize new antide-
pressants in the process of gaining approval, not performance
of established antidepressants.

In addition, we excluded data from treatment arms of inves-
tigational antidepressants at dosing levels not approved by the
FDA, as shown in product labeling. Therefore, we examined
only the clinical trial data from arms with doses expected to
guide approved use of the investigational antidepressant.

We excluded depression trials enrolling only geriatric (>65
years old) patients, children (<18 years old) and inpatients, as
well as relapse prevention or maintenance studies, as it is not pos-
sible to draw comparisons between trials studying unique popu-
lations or with confounding differences in experimental design.

Trials included and excluded in this analysis

After review of the FDA database for NDA registrations
approved between 1987 and 2013, we identified a total of
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sixteen adult depression programs for inclusion in the analy-
sis. The investigational antidepressants (with year of approval)
were: fluoxetine hydrochloride (1987), sertraline hydrochloride
(1991), paroxetine hydrochloride (1992), venlafaxine hydro-
chloride (1993), nefazodone hydrochloride (1994), mirtazapine
(1996), bupropion hydrochloride SR (1996), venlafaxine hydro-
chloride ER (1997), citalopram (1998), escitalopram oxalate
(2002), duloxetine hydrochloride (2002), desvenlafaxine succi-
nate (2008), trazodone hydrochloride ER (2010), vilazodone
hydrochloride (2011), levomilnacipran hydrochloride (2013)
and vortioxetine hydrobromide (2013).

These programs comprised a total of 125 efficacy evaluation
trials. We excluded 40 trials after applying our selection criteria:
six were conducted in a geriatric population, 22 were uncon-
trolled, four were carried out in inpatients, four had a relapse
prevention design, and four used doses not approved by the
FDA. Thus, 85 registration trials were included in this analysis.

These 85 trials had 172 treatment arms: 33 were active com-
parators and 24 utilized a dose of the investigational antide-
pressant not approved by the FDA. After excluding these 57
arms, 115 active treatment arms of investigational antidepres-
sants at approved doses remained for analysis.

Data analysis

The medical and statistical reviews conducted by the FDA
contain the published results of efficacy analysis along with
the treatment group raw baseline and change scores on the
primary efficacy measure when available. We encountered
alternative statistical methods for handling missing data from
patient dropout in the reporting and analysis of these efficacy
data. These methods included observed cases analysis, analy-
sis of covariance, and last observation carried forward (LOCF).
Since data from LOCF analysis were available for all of the tri-
als, we decided to use data (primary efficacy measure scores, p
values, and patient numbers) from these LOCF statistical com-
putation tables.

We decided to calculate percent symptom reduction as our
measure of response magnitude. We divided the mean change
score reported in the FDA reviews by the mean baseline score
and multiplied by —100 to get a percent symptom reduction
that takes into account variation in baseline and different
measurement scales. This measure was calculated for placebo
and antidepressant treatment groups separately.

We calculated the average antidepressant-placebo differ-
ence, taken by subtracting the placebo percent symptom
reduction from the antidepressant percent symptom reduc-
tion for each trial arm. In instances where placebo had a great-
er percent symptom reduction than antidepressant, this meas-
ure would be negative.

Success of a treatment arm was defined as it is in the FDA
reviews, with a p value threshold of 0.05 for endpoint analysis of
the primary efficacy measure.

We calculated effect sizes for individual treatment arm com-
parisons using Hedges’ g formula. This procedure has been used
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in previous analyses of antidepressant clinical trials®***!. As not-
ed in Turner et al's paper®®, the formula for calculation of
Hedges' g requires baseline scores, change scores and confi-
dence intervals, as well as number of patients to generate t
scores. NDA packets do not reliably report these data in full, and
therefore we followed the statistical workaround method out-
lined in the supplement to Turner’s paper*?, using the inverse t
score function in Microsoft Excel. Precise p values and degrees
of freedom are imputed into the function to calculate a t score,
which can be transformed to Hedges’ g using a specific equa-
tion. Hedges' g effect size relies on number of patients and
therefore is susceptible to sample size error. We used an appro-
priate correction to mitigate this risk.

Corrected Hedges' g scores were calculated for each trial
arm. We examined effect sizes for trial arms as opposed to
means for the trial overall, because the FDA evaluates efficacy
for trial arms separately and uses these individual comparisons
to support efficacy claims. Since the FDA approval process con-
siders these individual comparisons, we wanted to examine
individual treatment arm effects sizes both to retain the vari-
ability of signal detection among differing dose levels as well as
to replicate the data handling of the FDA approval process. To
generate a mean effect size for the two groups of pre-2000 and
post-2000, we weighted the corrected effect size by the degrees
of freedom to further account for sample size error.

All statistics were performed with IBM Statistical Package
for Social Sciences (SPSS). Independent sample t tests were
used to compare means from older antidepressant trial arms
to the more recent ones, to evaluate if any significant changes
had occurred in the distribution of scores from outcome meas-
ures. Correlations between year of new drug approval and per-
cent symptom reduction, and between year of new drug
approval and mean program effect size, were calculated using
Pearson’s coefficient.

We calculated frequency of trial design characteristics,
including duration (>8 weeks and <8 weeks), number of trial
arms (2 arms or >3 arms), and dosing schedule (fixed or flexi-
ble). We computed percentages of trials using either category
of design feature and used chi-square analysis of proportions
to explore any evidence of systematic implementation.

Statistical analysis of the results of trials using enhanced
interview assessment techniques was not possible because
only two (vortioxetine 317 and levomilnacipran MD-02) recent
trials out of 34 used such techniques.

RESULTS

Tables 1 and 2 report the program/trial essential character-
istics. Prior to 2000, there were nine antidepressant NDA pro-
grams, contributing 51 trials and 67 active treatment arms
from efficacy tables that met our inclusion/exclusion criteria.
The seven programs approved after 2000 supplied 34 trials and
48 active treatment arms for analysis. Four (6.0%) of the treat-
ment arms in pre-2000 trials and 13 (27.1%) of the treatment
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Table 3 Evaluation of efficacy outcomes in antidepressant regis-
tration trials before and after 2000

Before 2000 After 2000 p
No. programs 9 7
No. trials 51 34
No. active treatment arms 67 48
Successful treatment arms 47.8% (32/67) 63.8% (30/47) 0.09
% symptom reduction
Antidepressant 40.6% (*£13.7) 46.6% (=7.0) 0.005
Placebo 29.8% (+12.6) 36.2% (*=6.6) 0.005
Mean antidepressant-placebo 10.5% (+9.2) 10.3% (*5.0) 0.37
difference
Effect size (Hedges’ g) 0.30 (+0.24) 0.29 (£0.12) 0.42

arms in post-2000 trials had missing baseline or change score
data.

Due to missing data, we calculated placebo response magni-
tude based on 76 out of 85 placebo arms (89.4%), antidepressant
response magnitude based on 98 out of 115 treatment arms
(85.2%), antidepressant-placebo differences based on 98 out of
115 antidepressant-placebo group comparisons (85.2%), and
effect sizes based on 114 out of 115 treatment arms (99.1%).

Prior to 2000, placebo reduced symptoms on average by
29.8% (*12.6) compared to 36.2% (£6.6) in programs post-
2000, resulting in a significant increase in placebo response by

# Placebo treatment arms

6.4% (t=-2.9, df=74, p=0.005). This represents a 21.5%
change over 15 years (Table 3).

Percent symptom reduction as a measure of response mag-
nitude increased by an almost identical 6.0% in the antide-
pressant treatment arm, from pre-2000 trials at 40.6% (*=13.7)
to post-2000 trials at 46.6% (*=7.0) (t=—2.9, df=96, p=0.005).
This represents a 14.8% change over 15 years (Table 3).

Figure 1 shows placebo and antidepressant response rates
over time. Growth rate was nearly parallel in placebo and anti-
depressant treatments, with both treatment conditions having
significant positive relationships (placebo: r=0.46, p<0.001;
antidepressants: r=0.37, p<0.001) between time and percent
symptom reduction.

The antidepressant-placebo differences have remained equi-
valent over the years, as a result of matching growth in both
treatment condition responses. The mean antidepressant-
placebo difference in trials from pre-2000 was 10.5% (+9.2) as
compared to 10.3% (*=5.0) in the trials post-2000 (p=0.37)
(Table 3).

Treatment arms for antidepressant clinical trials conducted
prior to 2000 were successful in 47.8% of cases (32 out of 67
treatment arms), compared with a treatment arm success rate
of 63.8% (30 out of 47) in antidepressant trials post-2000. Chi-
square analysis of proportions determined that this difference
was not statistically significant (p=0.09).

Effect sizes based on number of patients and p values from
individual treatment arm LOCF analysis revealed no signifi-
cant change over the 31 years of antidepressant program data.
The average weighted effect size across trial arms conducted

Antidepressant treatment arms
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Figure 1 Percent symptom reduction in 74 placebo and 92 antidepressant treatment arms from 85 clinical trials for 16 antidepressant approval
programs plotted with time. The correlation between year of new drug approval and percent symptom reduction was significant in both the
placebo (r=0.46, p<0.001) and the antidepressant group (r=0.37, p<0.001).
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Figure 2 Mean effect size (Hedges’ g) of antidepressant clinical trials
based on year of approval. There was no significant relationship
between year of new drug approval and mean program effect size
(r=—0.06, p=0.85).

before 2000 was 0.30 (*=0.24), while for trials after 2000 it was
0.29 (+0.12) (p=0.42).

Figure 2 shows this trend of stability in effect size through-
out the years simplified by averaging trial effect sizes to gener-
ate overall values for each antidepressant program. Program
effect sizes were not correlated with any kind of change over
time (p=0.85).

The trial design suggestions'?, including enhanced rater
interview techniques'®?!, put forth by investigators based on
post-hoc analyses of placebo response were not implemented
in recent clinical trials. Specifically, the trends examined were
opposite in direction to the modifications in trial design previ-
ously suggested: trials were of longer duration, had a greater
number of treatment arms, and rarely used flexible dosing
schedules; all elements previously corresponding to higher
placebo response. There was no observed association between
trial design features and trial outcomes in post-2000 trials (see
Table 2 for trial design characteristics).

Regarding enhanced interview techniques , two out of
34 recent antidepressant clinical trials submitted for review by
the FDA used such techniques. Neither of these (trial 317 for
vortioxetine*® and trial MD-02 for levomilnacepran**) was suc-
cessful.

19-21

DISCUSSION

Given the present state of uncertainty in the research sur-
rounding placebo response in antidepressant clinical trials
and the importance of this phenomenon, this study aimed to
evaluate if placebo response as measured by symptom reduc-
tion has continued to rise over the past 15 years compared to
the earlier 15 years. The study also attempted to determine if
decreases in success rate and measures of antidepressant-
placebo differences accompanied the growth in symptom
reduction with placebo.

190

The study showed that the pattern of increase in placebo
response noted in 2001 by Walsh et al®* has continued. The
magnitude of symptom reduction with placebo has steadily
increased from 29.8% to 36.2% (p=0.005). These results con-
verge with the findings by Khin et al® and other investigators®”
8 that placebo symptom reduction has continued to increase
in more recent antidepressant clinical trials.

The increase in placebo response observed in recent antide-
pressant clinical trials is in contrast with a recent study by Fur-
ukawa et al'®, reporting a stability in placebo response rate
after 1991. We attribute this discrepancy to differences in study
design. That study included data from published sources,
which have been shown to contain selection bias®***® and fre-
quently use different statistical analyses from those performed
by the FDA reviewers. Therefore, use of published sources may
have resulted in different datasets. Additionally, our study
used percent symptom reduction as a measure of placebo
response and this value is on a continuum, allowing for analy-
sis of more subtle changes than a binary measure such as
number of patients meeting a therapeutic response threshold,
as used by Furukawa et al'® and many others.

Contrary to expectations, given our finding of a continued
increase in placebo response over time, the success rate of
antidepressant clinical trials has gone up over the past 15 years
(from 47.8% to 63.8%, p=0.09). This has occurred as the mag-
nitude of the antidepressant response has also gone up con-
siderably (from 40.6% to 46.6%, p=0.005).

In essence, both the magnitude of placebo response and
antidepressant response have steadily increased over the past
thirty years among these sixteen new antidepressant pro-
grams. The success rate of antidepressant trials has remained
about the same, showing a modest increase in recent years.
This is confirmed by the finding that treatment arm effect sizes
have remained about the same, with a distribution around 0.30,
and antidepressant-placebo differences continue to show a 10%
antidepressant advantage regardless of placebo response. In
other words, the newer antidepressants appear about as effica-
cious as the older ones.

Potential remedies that have been suggested in order to
mitigate placebo response, such as changes in study designs
(use of flexible dosing, shorter duration of trials, and fewer
number of treatment arms'?) seem not to have been systemat-
ically implemented or to have had effect on the outcomes of
more recent antidepressant trials. Our exploration also sug-
gests that these trial design and conduct factors may not be
causally related to the magnitude of placebo response (see
Table 2), so that the prospective implementation of these sug-
gestions may not have the effect expected based on theory or
observed from retrospective analysis. In particular, the two
antidepressant clinical trials that prospectively used enhanced
interview techniques failed to show superiority over placebo
in NDA programs for vortioxetine and levomilnacepran.

In this context, it is important to note that the current
results do not support earlier studies regarding the impact of
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placebo response on trial outcomes, which found that the mag-
nitude of placebo response was inversely associated with the
frequency of positive outcomes in trials conducted between
1987 and 1999*. This relationship holds true for those earlier
trials, but has dissolved in the more recent post-2000 trials.

What these current data show is that, in spite of the con-
tinuing growth of placebo response, antidepressants appear to
maintain an advantage of about 10% (effect size of 0.30, a
modest one), suggesting that acting to mitigate placebo re-
sponse may not be a critical component of the success and
outcomes of efficacy analysis in antidepressant clinical trials.

Potential mechanisms explaining the growth in placebo
response and relationship to trial outcomes were not fully
explored in this study. However, we noticed that there has
been a substantial increase in the sample size in both placebo
and antidepressant treatment arms in recent years. As described
by Liu et al**, increased sample size has been associated with
clinical trial outcomes of investigational hypertension medica-
tions, and the relative mechanism calls for further exploration.

A drawback to our study is that it was an observational
post-hoc analysis rather than prospective in design. More
important, FDA medical and statistical reports do not include
subject-level data. This summarization of data in FDA reviews
of new investigational antidepressants does not allow a more
detailed analysis. However, the sponsoring pharmaceutical
companies or the FDA may undertake such an analysis to pro-
vide better insight into the relationship between placebo re-
sponse and antidepressant clinical trial outcomes.

In conclusion, the results of this study suggest that the rela-
tionship between the magnitude of placebo response and the
success of antidepressant clinical trials is weak at best. These
data indicate that the antidepressant-placebo differences are
about the same for all of the sixteen antidepressants approved
by the FDA in the past thirty years. This finding has implica-
tions for guiding future clinical trials and warrants exploratory
analysis of other potential factors that may influence the out-
come of antidepressant trials.
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