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was numerically larger in the flexible-dose trials than in 
fixed-dose trials (mean of −2.9 vs −2.0 on HDRS units).

Conclusions: Treatment effect has declined over time  
in MDD trials, and there has been a high failure rate for 
these trials during the entire period, but the reasons for 
these findings remain elusive. Baseline disease severity 
seems to be a more important factor in study outcome 
than study duration, dosing regimen, sample size, time 
when studies were conducted, and regions where data 
were generated. Close attention is needed to a variety of 
factors in the design and conduct of these studies, includ-
ing patient population, diagnostic considerations, patient 
assessment, and clinical practice differences. These consid-
erations become increasingly important as globalization of 
clinical trials continues to increase.
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Objective: There has been concern about a high rate 
of placebo response and a substantial failure rate in recent 
clinical trials in major depressive disorder (MDD). This 
report explores differences in efficacy data from placebo-
controlled MDD trials submitted in support of new drug 
applications (NDAs) over a 25-year period.

Method: We compiled efficacy data from 81 random-
ized, double-blind clinical trials, with 21,611 evaluable 
patients, that were submitted to the US Food and Drug 
Administration as part of NDAs for an antidepressant 
claim between 1983 and 2008. Trial data were limited 
to completed, randomized, multicenter, double-blind, 
placebo-controlled clinical trials in adult patients di-
agnosed with MDD according to DSM-III or DSM-IV 
criteria. The database was further limited to patients who 
were involved in clinical trials for drugs widely viewed as 
effective antidepressants and for doses of these drugs also 
viewed as effective doses. Trials were rated as successful 
if they showed statistical superiority vs placebo for the 
investigational drug on change in Hamilton Depression 
Rating Scale (HDRS) score (last-observation-carried-
forward data). (Trials with multiple investigational drug 
groups were successful if there was superiority in at least 1 
drug group after adjustment for multiplicity.) In particular, 
we explored differences in effect size and success rate of 
these trials, based on when the studies were conducted, 
geographic location of the study sites (US vs non-US), trial 
duration, dosing regimen, study size, and baseline disease 
characteristics.

Results: Eighty-one percent of MDD patients were 
enrolled in US sites. Although the observed placebo and 
drug responses at non-US sites tended to be larger than 
at US sites, the treatment effect (drug-placebo difference) 
was similar (mean change from baseline of about –2.5 
units in HDRS total score) in US and non-US trials. In 
both US and non-US trials, the placebo response showed a 
modest increase over the observation period (1983–2008). 
Treatment effect clearly diminished over this same period, 
at a similar rate for both US and non-US trials despite 
a marked increase in the sample size of the trials. Our 
analysis showed that 53% of all MDD trials in the last 25 
years were successful. US trials had a higher success rate 
than non-US trials (58% vs 33%). Before 1995, the overall 
success rate was 55%, compared to 50% for trials in 1995 
or later, and, in general, 6-week trials had a higher success 
rate than 8-week trials (55% vs 42%). It should be noted 
that the earlier trials were mostly 6 weeks, and the 6-week 
trials had higher mean baseline HDRS scores than the 
8-week trials. Study size did not seem to influence trial 
success rates. Mean baseline HDRS total scores declined 
over the 25-year observation period for patients in both  
US and non-US trials, as did treatment effect in these 
trials, again, regardless of region. Fixed-dose trials had a 
numerically slightly greater success rate than flexible-dose 
trials (57% vs 51%), although on average treatment effect 

There have been a number of changes in recent years 
in the design and conduct of placebo-controlled trials  

intended to support new drug applications (NDAs) submitted 
to the US Food and Drug Administration (FDA), including 
a shift in where these trials are conducted. Globalization of 
clinical trials is rapidly becoming a reality, including trials for 
psychiatric indications. Although the United States remains 
in the lead regarding the total number of clinical investiga-
tors involved in clinical trials in recent years, growth in the 
numbers of both clinical investigators and clinical trial sites 
is observed largely outside the United States, in particular, 
Asia, Eastern Europe, and Latin America.1–4 It is anticipated 
that by the year 2012 about 65% of FDA-regulated trials will 
be conducted at sites outside the United States.4

FDA accepts data generated from foreign sites for NDAs 
as long as they are from adequate and well-controlled tri-
als that are conducted in compliance with the standards of 
Good Clinical Practice.5 There have been concerns, however, 
about the applicability of foreign data in the US population.6 

Possible ethnic differences have been one concern,7–10 but 
perhaps somewhat less so as the US population becomes 
increasingly heterogeneous. Other concerns persist, how-
ever, particularly about the applicability of foreign data to US 
practice because of possible regional differences in disease 
characteristics, medical practice, and both placebo response 
and treatment response.6,10

Notice of Correction, 5/3/11: Figures 1, 2, and 3 displayed incorrect legends. In Figures 1, 2A, and 3, the legend should have been “△ Trial with mean baseline 
HDRS score < 20” and “■ Trial with mean baseline HDRS score ≥ 20.” In Figure 2B, the legend should have been “■ Trial with mean baseline HDRS score ≥ 20.” 
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Additionally, for clini-
cal trials conducted in 
psychiatric illnesses, we have 
observed other changes in the 
way these trials are designed 
and conducted. Particularly 
for trials in major depressive 
disorder (MDD), trials have 
tended to have larger sam-
ple sizes and have become 
somewhat longer, and there 
has been greater diversity in 
patients entered. With regard to patient characteristics, we 
have noted a gradual decline in MDD severity at baseline in 
patients entered into clinical trials over this time period.

It has long been noted that, of the randomized placebo-
controlled multicenter trials conducted in support of an 
antidepressant claim, approximately 50% of these trials 
have failed.11,12 It has been suggested that this high failure 
rate may be a result of a substantial increase in the placebo  
response in these antidepressant trials, particularly in the last 
decade.13,14

This article provides the results of exploratory analyses to 
examine differences in effect size and success rate of placebo-
controlled MDD trials submitted in support of NDAs over 
the past 25 years. The focus is on drugs widely accepted as 
effective and, for these drugs, at doses viewed as effective. 
Differences are examined with regard to when the trials were 
conducted, the geographic location of the study sites, sample 
size per treatment arm, trial duration, dosing regimen, and 
baseline disease characteristics.

METHOD

Data Collection
Eighteen antidepressant programs in support of NDAs 

submitted to FDA between 1983 and 2008 were identified. 
Trial data from all NDAs, regardless of approval status, were 
collected initially and were limited to randomized, multi-
center, double-blind, placebo-controlled clinical trials of 4 to 
12 weeks’ duration with 40 or more patients in at least 1 treat-
ment arm. Patients enrolled in these trials were adult patients 
(age ≥ 18 y) diagnosed with major depressive disorder (MDD) 
according to DSM-III or DSM-IV criteria. Trials limited to 
known drug responders, such as those in maintenance studies 
using a randomized withdrawal design, were not included.

This search resulted in 86 MDD trials with a total of  
23,817 evaluable patients, defined as patients with a baseline 
and at least 1 postbaseline efficacy assessment. The year of 
trial conduct was also noted; if the time of trial initiation 
was not available, the NDA submission date was recorded. 
Because the question of greatest interest is what trial design 
and other factors might affect the success of trials for drugs 
and doses known to work, the analyses focus on data from 
this pool of trials for antidepressants widely accepted to be 
effective and, for these drugs, at doses considered to be with-
in the effective range. Thus, the results reported are based 

on data for 21,611 patients  
derived from 81 clinical tri-
als in this pool.

Change from baseline in 
mean total score of a depres-
sion rating scale is typically 
the primary efficacy measure 
for antidepressant trials. In 
these MDD trials, the most 
commonly used rating scales 
were the Hamilton Depres-
sion Rating Scale (HDRS)15 

and the Montgomery-Asberg Depression Rating Scale 
(MADRS).16 Both HDRS and MADRS have been evaluated 
extensively.17–20 They are highly correlated and have similar 
sensitivity in detecting antidepressant efficacy in drug trials. 
Among the MDD trials in our dataset, almost all studies used 
change from baseline to endpoint in HDRS total score as the 
prespecified primary endpoint. Two placebo-controlled trials 
used the MADRS as the primary measure. Both trials, however, 
collected HDRS scores as well, and results from the 2 rating 
scales trended in the same direction. We therefore incorporat-
ed all trials that used either HDRS or MADRS as the primary  
efficacy measure in the database and analyzed the dataset 
using mean change from baseline to endpoint in the total 
HDRS-17 or -21 scale score, with missing data imputed by the 
last-observation-carried-forward (LOCF) approach.

Trial data used in this analysis came from studies in which 
all participating subjects provided informed consent.

Data Analysis
This meta-analysis included short-term, placebo-

controlled trials that were judged to be of adequate size and 
to have appropriate patient populations and entry criteria. 
Because individual patient-level datasets were not available 
in our electronic archives for studies submitted prior to 1997 
and for some of the studies after 1997, the analyses for this 
article were based on aggregated data from sponsors’ study 
reports.

Demographic characteristics (age, gender, race), drop-
out rate, and baseline disease status in terms of mean HDRS  
total scores were summarized and compared between the US 
and non-US trials. Most trials were of either 6 or 8 weeks’ 
duration; therefore, comparisons based on trial duration were 
limited to these 2 durations. Raw mean changes from baseline 
in HDRS total score at final visit for placebo and drug treat-
ment arms were calculated based on LOCF data for both US 
and non-US populations.

Mean treatment effect was calculated as the drug-
placebo difference, ie, mean change in HDRS total score 
for the antidepressant group minus mean change for the  
placebo group.

Each trial was rated as a success or failure based on 
whether it succeeded in showing statistical superiority for 
the investigational drug over placebo on change from base-
line to endpoint in the HDRS total score based on LOCF 
data. For trials that included multiple investigational drug 

Clinical Points

A similar treatment effect (drug-placebo difference) was ■■
observed in US and non-US MDD trials.

A rising placebo response and declining treatment effect ■■
over time and a persistently high trial failure rate remain 
concerns.

Baseline disease severity is a particularly important ■■
factor in study outcome.
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groups (different dosages), a trial was rated as successful if 
there was statistical superiority in at least 1 investigational 
drug group after adjusting for multiplicity. The multiplic-
ity adjustment was based on the preplanned analysis that in 
every instance was judged by FDA to adequately control the 
overall study-wise type I error rate. Mean treatment effect 
and trial success rate were assessed with regard to where  
(US vs non-US) and when (prior to 1995 [1983–1994] and 
afterward [1995–2008)]) the trials were conducted, sample 
size per arm (< 50, 50–100, > 100), trial duration (6 weeks 
or 8 weeks), dosing regimen (fixed-dose vs flexible-dose  
design), and baseline disease severity (HDRS total score).

This analysis is descriptive only, as there were undoubt-
edly many unidentified interaction/confounding factors and 
data from individual patients were not available. Statistical 
modeling based on summary data has the potential to be 
misleading. Thus, we have limited data presentations in this 
article to simple plots, tables, and other summary statistics.

RESULTS

Among the 86 trials in 18 NDAs, 65 trials were conducted 
solely in the United States, 1 trial was conducted only in  
Canada, 5 were mixed trials conducted in both the United 
States and Canada, and 15 trials were conducted solely in 
foreign countries. For the purposes of this article, the North 
America region (United States and Canada) is referred to 
as the United States because the Canadian sites contributed 
a very limited amount of data (< 3%). This meta-analysis 
(n = 81) focused on clinical trial data from drugs accepted as 
effective and at doses viewed as effective for these drugs. Ex-
ploratory analyses using the data from all 86 trials regardless 

of dosing or outcome provided similar 
results. Two-thirds of trials (n = 53) used 
a flexible-dose design, and one-third of 
the trials (n = 28) were fixed-dose tri-
als. Most of the trials (77%) were 6- or 
8-week trials, but 3 trials were 4 weeks in 
duration and 9 trials had up to 12 weeks 
of double-blind treatment.

Table 1 lists the numbers of partici-
pants for the US and non-US sites, as 
well as the demographic characteristics, 
baseline disease status, and dropout rates. 
Eighty-one percent of the MDD patients 
were enrolled in US sites. Patients were 
predominantly Caucasian (87%), were 
61% female, and had a mean age of 43 
years and an average baseline HDRS to-
tal score of about 24. Of the 81 trials, 5 
trials had a mean baseline HDRS total 
score < 20. The mean baseline HDRS to-
tal scores for trials with a baseline HDRS 
score ≥ 20 were 24.3 for US trials and 25.3 
for non-US trials. All 5 trials with a mean 
baseline HDRS total score < 20 were con-
ducted in the United States and were of 8 

weeks’ duration. This may account for the lower mean baseline 
HDRS total score observed for 8-week trials in the US as com-
pared to outside the US (22.4 vs 25.6). The average dropout 
rate was slightly higher in the US trials (34.5%) compared to  
non-US trials (26.7%). The average dropout rate for trials 
with 6 weeks’ duration was also slightly higher (38%) than 
for those with 8 weeks’ duration (30%).

The mean changes from baseline in HDRS total score for 
the placebo groups were −8.0 (range, −3.7 to −12.4) for the 
US trials and −9.5 (range, −4.8 to −13.8) for the non-US trials. 
The mean changes from baseline in HDRS total score for the 
antidepressant groups were −10.4 (range, −5.3 to −16.1) for 
the US trials and −12.5 (range, −6.3 to −15.4) for the non-US 
trials. Figure 1 provides a comparison of observed treatment 
effects (ie, drug-placebo difference) for the US and non-US 
trials. The horizontal axis denotes the estimated change from 
baseline to endpoint in HDRS total score in each treatment 
group, and the vertical axis, the total number of evaluable pa-
tients per treatment arm in the corresponding trial. In Figure 
1A (US trials), the data are separated into trials with a mean 
baseline HDRS total score ≥ 20 (n = 61) and trials with a mean 
baseline HDRS total score < 20 (n = 5). No difference in the 
treatment effect relative to placebo was observed between the 
US and non-US trials. The mean treatment effect (marked 
by a vertical line in the figure) was −2.5 with a standard de-
viation (SD) of 2.0 regardless of the region. The treatment 
effects from the 5 MDD trials with mean baseline HDRS total 
score < 20 were smaller than for the other trials (Figure 1A).

It has been suggested that the high failure rate of anti-
depressant trials has resulted from an increasing placebo 
response over time.13,14 Figure 2 was generated in order to 
explore possible changes in placebo response and effect size 

Table 1. Demographic Features and Baseline Disease Characteristics of MDD Patients
US Trials 
(n = 66)

Non-US Trials 
(n = 15)

Overall 
(N = 81)

Total patients in ITT population, No. (%) 17,481 (80.7) 4,180 (19.3) 21,661 (100.0)
Age,a,b mean (SD), y 41.8 (4.9) 46.9 (9.1) 42.8 (6.2)
Gender,a % female, mean (SD) 59.6 (9.1) 67.4 (7.1) 61.1 (9.2)
Race,c % Caucasian, mean (SD) 86.7 (8.4) 92.7 (15.7) 87.4 (9.6)
Dropout rate,a %, mean (SD)

All trials 34.5 (10.4) 26.7 (11.4) 33.0 (10.9)
6-Week trialsd 38.4 (10.0) 31.9 (7.1) 37.7 (9.9)
8-Week trialse 30.4 (9.3) 26.9 (11.3) 29.6 (9.7)

Baseline HDRS total score, mean (SD)
All trials 23.8 (2.7) 25.3 (2.1) 24.1 (2.6)
Trials with mean baseline HDRS score < 20f 18.2 (1.0) … 18.2 (1.0)
Trials with mean baseline HDRS score ≥ 20g 24.3 (2.2) 25.3 (2.1) 24.5 (2.2)
6-Week trialsh 25.2 (2.4) 24.6 (2.4) 25.1 (2.4)
8-Week trialsi 22.4 (2.3) 25.6 (1.5) 23.1 (2.5)

aData missing from 2 or 3 US trials.
bTwo US trials and 1 non-US trial were geriatric trials.
cData missing from 8 US and 7 non-US trials.
dTwenty-seven US and 4 non-US trials with a duration of 6 weeks.
eTwenty-four US and 7 non-US trials with a duration of 8 weeks.
fFive US trials with mean baseline HDRS total score < 20 in each treatment group.
gSixty-one US and 15 non-US trials with baseline HDRS score ≥ 20 in each treatment group.
hBaseline HDRS total score calculated based on data from 34 US and 4 non-US trials with 6-week 

treatment duration.
iBaseline HDRS total score calculated based on data from 24 US and 7 non-US trials with 8-week 

treatment duration.
Abbreviations: HDRS = Hamilton Depression Rating Scale, ITT = intent to treat, MDD = major 

depressive disorder.
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Figure 1. Treatment Effect Relative to Placebo (drug-placebo difference) Based on Mean Change From Baseline to Endpoint (LOCF) 
in HDRS Total Scores in US and Non-US MDD Trialsa

aDashed lines indicate mean treatment effect.
Abbreviations: HDRS = Hamilton Depression Rating Scale, LOCF = last observation carried forward, MDD = major depressive disorder.
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aHorizontal axes denote the trial start date, if known, or, if unknown, the NDA submission date.  bCalculated as the drug-placebo difference, ie, mean 
change in HDRS total score for the antidepressant group minus mean change for the placebo group.

Abbreviations: HDRS = Hamilton Depression Rating Scale, MDD = major depressive disorder, NDA = new drug application.

Figure 2. Placebo Responses and Treatment Effects Over Time in US and Non-US MDD Trials
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aTrial start date, if known, or, if unknown, the NDA submission date.  bCalculated as the drug-placebo difference, ie, mean change in HDRS total score for 
the antidepressant group minus mean change for the placebo group.

Abbreviations: HDRS = Hamilton Depression Rating Scale, MDD = major depressive disorder, NDA = new drug application.

Figure 3. Potential Impact of Sample Size in US and Non-US MDD Trials
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over time. The top plots (Figure 2A) and the bottom plots 
(Figure 2B) display the observed placebo responses and treat-
ment effects over time (1983–2008) in the US and non-US 
trials, respectively. These plots suggest an increase in placebo 
response for US and non-US trials over this time period. The 
plots for observed treatment effect (drug-placebo difference) 
suggest a diminishing treatment effect size over time in both 
US and non-US trials, with the typical effect size moving to-
ward 2 HDRS units in contrast to earlier values closer to 3.

Treatment effect was also assessed with regard to sample 
size per arm. Figure 3A shows a trend for sample size per 
arm to increase over time. Despite this increase in sample 
size per arm, there has been a decrease in treatment effect 
(Figure 3B).

Success rates for trials were also explored. A trial was con-
sidered successful if efficacy was demonstrated in at least 1 
investigational drug group. In trials in which several doses 
were compared to placebo, a multiplicity adjustment was 

applied based on the preplanned procedure that in every 
instance adequately controlled the overall study-wise type I 
error rate. The overall trial success rate over the 25 years was 
53% (Table 2); it was higher in US trials compared to non-US 
trials (58% vs 33%). For 8-week trials, the overall success rate 
was 42%, and roughly the same for US and non-US trials. Six-
week trials had a slightly higher overall success rate compared 
to 8-week trials (55% vs 42%); however, the numbers were 
too small to provide any basis for comparing US and non-
US trials. The results in Table 2 included the 5 MDD trials in 
the United States with mean baseline HDRS total scores < 20. 
These trials were of 8 weeks’ duration, and only 1 was suc-
cessful. If these trials were excluded from the analysis, the 
success rate for 8-week trials would be 50%. Trials conducted 
prior to 1995 (1983–1994) had a 55% success rate, compared 
to a 50% success rate for trials conducted from 1995 to 2008. 
When success rates were calculated based on placebo arm 
sample sizes of < 50, 50–100, and > 100, the success rates were 
observed to be 61%, 48%, and 53%, respectively. The average 
mean treatment effect in studies conducted before 1995 was 
−3.0 HDRS units (SD = 2.4) as compared to −1.8 HDRS units 
(SD = 1.0) in trials conducted since 1995.

Two of the panels in Figure 4 display the mean base-
line HDRS total score over time in each region. The figure 
reveals a slightly downward trend in US trials over time.  
Although there is no clear trend in non-US trials, there were 
fewer trials. The same figure reveals an increasing treatment  
effect as the baseline HDRS total score increases, regardless 
of region.

Two-thirds of the MDD trials (53 of 81) utilized a flex-
ible dosing regimen. The potential impact of dosing regimen 
on placebo response and treatment effect in our dataset 
was also explored. As can be seen in Table 3, the observed 
placebo response was similar for these different dosing strat-
egies; however, the observed treatment effect was larger for 
flexible-dose studies compared to fixed-dose studies, both 

Table 2. Success Rates of MDD Trialsa

Study Time Periodb US Trials Non-US Trials Overall
Entire time span

All trialsc 38/66 (58) 5/15 (33) 43/81 (53)
6-Week trials 21/34 (62) 0/4 (0) 21/38 (55)
8-Week trials 10/24 (42) 3/7 (43) 13/31 (42)

1983–1994
All trialsc 24/39 (62) 3/10 (30) 27/49 (55)
6-Week trials 18/30 (60) 0/4 (0) 18/34 (53)
8-Week trials 4/7 (57) 1/3 (33) 5/10 (50)

1995–2008
All trialsc 14/27 (52) 2/5 (40) 16/32 (50)
6-Week trials 3/4 (75) … 3/4 (75)
8-Week trials 6/17 (35) 2/4 (50) 8/21 (38)

aThe numerators in the cells indicate the number of successful trials, and 
the denominators indicate the total number of trials. Success rates are 
expressed as percentages in parentheses.

bFor study conduct time period, the study start date was used. If not 
available, the new drug application submission date was used.

cIncluded all studies with duration between 4 to 12 weeks, inclusive.
Abbreviation: MDD = major depressive disorder.



Exploratory Analyses of Efficacy Data From MDD Trials

469
Reprinted with correction(s) to pages 467 and 468.
J Clin Psychiatry 72:4, April 2011

overall and within US and non-US studies separately. The 
mean effect sizes in HDRS units were −2.9 (SD = 2.3) for 
flexible-dose versus −2.0 (SD = 1.5) for fixed-dose studies. 
Trial success rates, however, were slightly greater in fixed-
dose studies compared to flexible-dose studies (57% vs 51%). 
Flexible- and fixed-dose trials did not differ meaningfully in  
dropout rates.

DISCUSSION

The purpose of this meta-analysis was to look for pos-
sible differences in treatment effect and success rate of 
placebo-controlled MDD trials in drugs determined to be 
effective and at effective doses for these drugs, based on 
when and where the trials were conducted and with regard 

Table 3. Placebo Response, Treatment Effect, Dropout Rate, and Trial Success Rate by Dosing Regimen
Fixed Dosing Flexible Dosing

US Trials Non-US Trials Overall US Trials Non-US Trials Overall
No. of trials 22   6 28 44   9 53

Placebo responsea −7.7 (2.0) −9.9 (0.7) −8.1 (2.0) −8.0 (1.8) −9.3 (3.1) −8.2 (2.1)
No. of drug groups 48 14 62 71 14 85

Treatment effectb −2.0 (1.3) −2.2 (1.9) −2.0 (1.5) −2.9 (2.3) −2.7 (2.4) −2.9 (2.3)
Dropout rate, %, mean (SD) 33.2 (9.2) 18.5 (9.7) 30.0 (11.0) 35.0 (11.0) 32.2 (9.2) 34.0 (10.7)
Trial success rate,c % 59 50 57 57 22 51
aBased on mean change from baseline in Hamilton Depression Rating Scale total score (SD).
bAveraged treatment effect (drug-placebo difference) over total number of drug groups (SD).
cTrials were rated as successful if they showed statistical superiority vs placebo for the investigational drug on change 

in Hamilton Depression Rating Scale (HDRS) score (last-observation-carried-forward data). (Trials with multiple 
investigational drug groups were successful if there was superiority in at least 1 drug group after adjustment for multiplicity.)

aTrial start date if known, or if unknown, the NDA submission date.  bCalculated as the drug-placebo difference, ie, mean change in HDRS total score for 
the antidepressant group minus mean change for the placebo group.

Abbreviations: HDRS = Hamilton Depression Rating Scale, MDD = major depressive disorder, NDA = new drug application.

Figure 4. Mean Baseline HDRS Total Scores for Each MDD Trial and Treatment Effect by Baseline HDRS Total Score 
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to trial duration, sample size per arm, and baseline disease 
characteristics. The potential impact of dosing regimen on 
treatment effect was also explored.

As drug research has expanded globally, questions have 
been raised about the applicability of data from diverse for-
eign sites to the US population. One concern has been about 
possible differences in response in the placebo group and 
effect size across different geographic regions. In our meta-
analysis, responses in both placebo and drug groups from 
non-US trials tended to be larger than those observed in 
the US trials; however, treatment effect (drug-placebo dif-
ference) was on average about the same for US and non-US 
trials. This finding needs to be interpreted with caution as it 
was based on estimates from the aggregated data rather than 
individual patient-level data. Furthermore, these estimates 
were based on the LOCF imputation method, which was the 
only estimation approach available for all trials. Estimates 
from LOCF data are likely to be biased when the mechanism 
of missing data is not completely at random, particularly in 
the presence of a high dropout rate.21

Another concern for antidepressant trials has been an  
apparent increasing placebo response over time,13,14 along 
with a decrease in treatment effect size. High placebo response 
is considered a major factor contributing to the substantial 
failure rate observed in MDD trials. We have confirmed this 
finding; that is, we observed an increasing placebo response 
for both US and non-US trials conducted over a 25-year 
period, along with a decline in treatment effect size. As pre-
viously reported, conducting larger studies has not generally 
produced a better outcome for depression trials.22 Despite 
a marked increase in the sample size per treatment arm of 
the trials in our database over time, treatment effect size in  
depression trials has been diminishing over time, and the 
trend appears to be similar in US and non-US trials.

Several authors have commented on the relatively mod-
est overall success rate for antidepressant trials.11–13 The 
overall trial success rate of all MDD trials over the 25-year 
period for our current meta-analysis was 53%. When broken 
out by time of trial conduct, the success rate was 55% for  
trials conducted during the earlier time period (1983–1994) 
and 50% for more recently conducted trials (1995–2008). 
This later time period included 5 MDD trials in the United 
States with mean baseline HDRS total scores < 20, and only 
1 of them was successful. When these MDD trials involving 
more mildly ill patients were excluded, the overall success 
rate was 55%.

It has been challenging to try to understand the basis 
for an apparent decrease in treatment effect in MDD trials 
over time. One possibility that has been suggested is that the 
effect of antidepressants is heavily influenced by baseline 
disease severity, perhaps because of underlying differences 
in disease. It is a widely held view that enrolling more  
severely ill patients with MDD should increase the chances 
of having a successful trial. Previously published results are 
mixed, however, in showing a clear relationship of baseline  
depression scores to placebo response or antidepressant  
effect.23–27 Our analyses suggest that trials enrolling patients 

with higher mean baseline HDRS total scores tend to have 
larger treatment effects regardless of region. In addition, 
trial duration, patients’ average baseline HDRS total scores, 
time of study conduct, and the trial success rates seem to 
be correlated. It appears that the earlier trials were mostly 
6 weeks, and the 6-week trials had higher mean baseline 
scores and higher success rates than the 8-week trials. 
Because our research is based only on the limited study-
level efficacy data from 81 MDD trials, we were not able to  
employ inferential statistical methods to adjust for con-
founding and interaction effects.

It has been suggested that flexible-dose trials should be 
favored for MDD because of a greater probability of success 
with these trials. Khan et al28,29 reported success rates in  
51 MDD trials of 59.6% (34/57 of the antidepressant treat-
ment arms) for those of flexible-dose design compared to 
only 31.4% (11/35 of the antidepressant treatment arms) for 
those of fixed-dose design. Khan’s group reported that symp-
tom reduction (defined as percent change in mean HDRS 
total score) was similar for the antidepressant treatment 
arms in both flexible- and fixed-dose trials, but the magni-
tude of symptom reduction with placebo was smaller in the 
flexible-dose trials compared to that observed in the fixed-
dose trials. Our analysis found similar placebo responses but 
some increase in treatment effect size in the flexible-dose 
trials compared to fixed-dose trials. Unlike Khan et al, we 
actually found a slightly higher overall success rate for fixed-
dose (57%) trials compared to flexible-dose trials (51%). 
A major reason for these differences between our analyses 
compared to the Khan et al analyses is the different databases 
used; we extended the database by including 37 more recent 
trials that were not part of Khan and colleagues’ original  
database. We calculated success rates using number of  
trials as the denominator (an approach that we prefer), 
while Khan’s group calculated success rate using total num-
ber of treatment arms as the denominator. This difference 
in approach did not, however, affect the results for each  
database looked at separately. Specifically, when our ap-
proach was applied to the same trials included in Khan’s 
original analysis, our trial success rates were similar to Khan’s  
findings, ie, success rates of 61% for flexible-dose trials and 
33% for fixed-dose trials. Similarly, when Khan and col-
leagues’ approach was applied to our 37 more recent studies 
(not part of their original database), the findings were in 
favor of the fixed-dose design, with a success rate of 60.5% 
(23/38 of the drug treatment arms) compared to 34.5% 
(10/29) for the flexible-dose arms. Using our approach for 
these more recent trials, the success rate was 70.6% (12/17) 
for the fixed-dose trials compared to 30% (6/20) for the 
flexible-dose studies. 

Although the reasons for the different trends in success 
rate between flexible- and fixed-dose studies for earlier 
compared to more recent MDD trials are not entirely clear, 
the placebo response (mean = −9.2; SD = 2.3) was larger in 
the more recent set of flexible-dose studies compared to 
the earlier studies (mean = −7.6; SD = 1.9), while the per-
centage of patients assigned to placebo remained consistent 
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around 40% (SD = 8). We also note that, in the earlier fixed-
dose studies, about 25% (SD = 6.3) of patients were assigned 
to placebo with a mean placebo response around −8.5 
(SD = 1.5), while for the more recent fixed-dose studies the 
proportion of placebo patients was 31% (SD = 9.0), with a 
mean placebo response of −7.9 (SD = 2.2). Another meta-
analysis by Papakostas and Fava30 published in 2009 and 
based on MEDLINE/PubMed databases noted that a greater 
probability of receiving placebo, higher baseline severity, and 
earlier year of publication predicted greater treatment effect. 
It was noted in the same paper that fixed- versus flexible-
dose design and trial duration did not influence treatment 
effect defined as response rate.

Sponsors have endeavored for years to find ways to avoid 
high placebo response and high failure rates for MDD tri-
als. One approach has been a placebo run-in period, ie, an 
attempt to identify and exclude placebo responders. It has 
been shown, however, that using a placebo run-in phase has 
not been a successful strategy in lowering the placebo re-
sponse rate, nor has it increased drug-placebo differences 
in MDD trials.31–33 An alternative enrichment design, ie, the 
sequential parallel comparison design, has been proposed as 
an approach to minimizing placebo response in psychiatric 
trials.34,35 Further evaluation of the strengths and weaknesses 
of this study design and its implications will be needed. This 
novel design has not yet been applied in a regulatory set-
ting. Targeting sicker patients by setting higher thresholds 
for enrolling patients would appear to be the single step that 
would best increase success, but this approach could be offset 
by score inflation at study sites, a serious concern in study 
conduct.36 Other factors contributing to high failure rates 
of trials include poor interrater reliability, interview quality, 
and rater bias.37,38 Centralized ratings have been proposed 
as one approach for improving the precision of patient rat-
ings.38,39 Another approach to improving patient ratings has 
been the use of self ratings, particularly through computer 
automated systems.40,41

One of the limitations of our exploratory analysis was the 
fact that individual patient-level datasets were not available 
in our electronic archives for studies submitted to FDA prior 
to 1997, and for some of the studies after 1997. Consequently, 
the meta-analysis for this article was performed entirely 
based on the aggregated data from study reports submitted 
by various sponsors. These findings, therefore, must be con-
sidered preliminary until patient-level data can be compiled 
to support more definitive future analyses. Such analyses will 
be feasible as FDA moves toward a standard of having all 
industry sponsors submit datasets in a global platform for 
regulatory submissions using the electronic common techni-
cal document (e-CTD) specifications42 and in the Clinical 
Data Interchange Standards Consortium (CDISC), such as 
Study Data Tabulation Model (SDTM) standard and ADaM 
(Analysis Data Model) standard.43 Standardization of data 
structures and terminology will facilitate the conduct by 
FDA of a more efficient and comprehensive data review. In 
addition, having standards for electronic submissions will 
enable data aggregation and the population of cross-study 

and cross-product databases that will greatly enhance FDA’s 
capability to perform meta-analyses. However, the success 
of such meta-analyses still depends on having high-quality 
data.

Global drug development is inevitable, and continued ef-
forts are needed to try to understand differences between 
findings from US and non-US sites, although, at least for 
antidepressants, US and non-US sites appear to have simi-
lar overall treatment effect sizes. Differences in study results 
from trials conducted in various geographic regions for other 
disorders, however, have been reported.10,44–46 Possible rea-
sons for such discrepancies may include differences in body 
weight, drug metabolism, and other ethnic and genetic dif-
ferences, but also might involve differences in regulatory 
requirements, medical practice, access to care, and exposure 
to medications prior to the trials. These differences should 
be taken into account when planning global trials. Another 
factor that is not addressed in this article is the compli-
ance issues that reflect clinical practice. The consideration 
of population pharmacokinetic data is beyond the scope of 
this article.

Although we are reassured by the finding of a comparable 
treatment effect (drug-placebo difference) in US and non-
US MDD trials, the rising placebo response over time and 
the high overall trial failure rate remain concerns. Great care 
is needed in designing and conducting multiregional studies, 
with attention to possible differences in patient population, 
diagnostic practices, disease severity, and clinical care of pa-
tients. Much additional work is needed to improve the design 
and conduct of MDD trials, and this effort would benefit 
from cooperation among academicians, industry sponsors, 
and regulators.
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