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Objective: The authors examined which,
if any, research design features and pa-
tient characteristics would significantly
differ between successful and unsuccess-
ful antidepressant trials.

Method: Clinical trial data were reviewed
for nine antidepressants approved by the
Food and Drug Administration between
1985 and 2000. From the antidepressant
research programs on these medications,
52 clinical trials were included in the study.
The authors evaluated trial design fea-
tures, patient characteristics, and differ-
ence in response between placebo and an-
tidepressant.

Results: Nine trial design features and pa-
tient characteristics were present in the re-

search programs for all nine of the antide-
pressants. The severity of depressive
symptoms before patient randomization,
the dosing schedule (flexible versus fixed),
the number of treatment arms, and the
percentage of female patients were signifi-
cantly associated with the difference in re-
sponse to antidepressant and placebo. The
duration of the antidepressant trial, num-
ber of patients per treatment arm, num-
ber of sites, and mean age of the patients
were similar in successful trials (with a
greater antidepressant-placebo difference)
and less successful trials (with a smaller an-
tidepressant-placebo difference).

Conclusions: These findings may help in
the design of future antidepressant trials.

(Am J Psychiatry 2004; 161:2045-2049)

In over half of the recent clinical trials of antidepressants
later approved by the Food and Drug Administration (FDA),
the antidepressants failed to show an advantage over pla-
cebo (1). Part of the explanation might be in the increase of
patients responding to placebo and antidepressants (to a
lesser extent) in recent antidepressant clinical trials (2).
However, it is unclear as to why the response to placebo and
antidepressants is higher in recent trials than in earlier tri-
als. One possible explanation that has been previously sug-
gested is that the types of depressed patients participating
in antidepressant clinical trials are changing (3).

Several other factors may contribute to the increase of
patients responding to placebo and antidepressants in
clinical trials. In previous reports, we have noted that fac-
tors such as the severity of mood symptoms at the time of
entry into the trial (4) and the use of a flexible dose regi-
men, rather than a fixed dose regimen (5), may affect the
outcomes of antidepressant clinical trials. A trial of shorter
duration may produce a greater antidepressant-placebo
difference than a trial of longer duration, as the response
to placebo may be larger in longer trials (6). On the other
hand, a shorter trial may not allow the full therapeutic ef-
fects of an antidepressant to occur.

Additionally, a greater number of treatment arms might
increase the magnitude of the response to placebo (7).
Some reports have suggested that female patients respond
better to selective serotonin reuptake inhibitors (SSRIs)
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than to tricyclic antidepressants, in part because of better
tolerance (8, 9). However, other researchers have not been
able to replicate this finding (10).

In order to explore whether these trial design factors
and patient characteristics affected outcome among anti-
depressant clinical trials, we decided to explore the FDA
summary basis of approval (SBA) reports, obtained by
means of the Freedom of Information Act (11). We exam-
ined the trial design features and patient characteristics
that were available in the FDA SBA reports on clinical trials
of the nine antidepressants approved for sale in the United
States between 1985 and 2000. We hypothesized that both
trial design features and patient characteristics would dif-
fer significantly between successful antidepressant trials
(those with a greater antidepressant-placebo difference)
and less successful antidepressant trials (those with a
smaller antidepressant-placebo difference).

Method

We obtained FDA clinical trial data (statistical and clinical re-
ports) under the Freedom of Information Act (11) for nine antide-
pressants approved in the United States from Jan. 1, 1985, through
Dec. 31, 2000: fluoxetine hydrochloride, sertraline hydrochloride,
paroxetine hydrochloride, venlafaxine hydrochloride, nefazo-
done hydrochloride, mirtazapine, sustained-release bupropion
hydrochloride, extended-release venlafaxine hydrochloride, and
citalopram hydrobromide. The data were sent on microfiche or
paper for a small fee in response to a specific request to the FDA,
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TABLE 1. Characteristics of Clinical Trials for Nine Anti-
depressants Approved During 1985-2000, Based on FDA
Summary Basis of Approval Reports

Number
Number  Number of  of Active
Investigational Date of of Investigational Control
Antidepressant Approval Trials Arms Arms
Fluoxetine Dec. 29, 1987 4 5 1
Sertraline Dec. 6, 1991 3 5 2
Paroxetine Dec. 29, 1992 11 11 6
Venlafaxine Dec. 28, 1993 6 10 3
Nefazodone Dec. 28, 1994 8 8 4
Mirtazapine June 14, 1996 10 11 5
Sustained-
release
bupropion Oct. 4, 1996 3 8 0
Extended-
release
venlafaxine  Oct. 20, 1997 3 3 2
Citalopram July 17, 1998 4 8 0
Total 52 69 23

Freedom of Information Staff, 5600 Fishers Lane, HFI-35, Rock-
ville, MD 20857. Some of the more recent clinical trial data were
obtained over the Internet.

Of the research programs for the nine agents (fluoxetine, ser-
traline, paroxetine, venlafaxine, nefazodone, mirtazapine, sus-
tained-release bupropion, extended-release venlafaxine, and
citalopram), the FDA considered 56 clinical trials to be pivotal. Of
these, we excluded four trials from our analysis. Three were ex-
cluded because of insufficient data, such as mean total scores on
the Hamilton Depression Rating Scale (12), and one was excluded
because it focused on relapse prevention rather than response to
short-term treatment.

Among the remaining 52 trials, there were a total of 92 treat-
ment arms, 69 investigational arms, and 23 active control arms
(Table 1). We evaluated both trial design features and patient char-
acteristics and found nine features that were present in all nine of
the research programs: baseline depression severity, trial dura-
tion, flexible versus fixed doses, number of study sites, number of
treatment arms, number of patients in each condition, patient
age, percentage of female patients in the placebo group, and per-
centage of female patients in the antidepressant group. Features
such as individual Hamilton depression scale scores, duration of
depressive illness or episode, and past history were unavailable in
the FDA clinical trial database. Mean values were calculated for
each of the nine design features and patient characteristics.

For the purpose of analysis, each of the treatments containing
a flexible dose was used as an independent unit. However, this
formula was not followed for fixed-dose trials, as they had multi-
ple treatment arms that all had set doses. For the trials that con-
tained multiple treatment arms, mean scores were calculated
across treatment arms, yielding a single score for each trial. Treat-
ment arms with subtherapeutic doses (e.g., fluoxetine or paroxe-
tine at 10 mg/day) were excluded from this analysis.

The difference between antidepressant and placebo in the mean
change in the total score on the Hamilton depression scale was
used to assess the successfulness of the antidepressant trial. We
defined the antidepressant-placebo difference as follows: if the
mean change (baseline through termination) in total Hamilton
score was 12 in the antidepressant-treated group and the mean
change was 8 in the placebo-treated group, then the antidepres-
sant-placebo difference would be 4.

In our first analysis, we compared trial design features and
patient characteristics using a median-split procedure to divide
the trials into two groups on the basis of their antidepressant-
placebo differences. Among the 52 trials, the mean antidepres-
sant-placebo difference was 3.07 (range, —2.3 to 9.4). We divided
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the trials into those among which the antidepressant-placebo dif-
ference was 3.07 or higher (N=26) and those among which the an-
tidepressant-placebo difference was less than 3.07 (N=26). Thus,
the 26 trials with the lower antidepressant-placebo difference
scores (below the median score) made up the “less successful”
group and were compared to the 26 trials designated “more suc-
cessful” on the basis of higher antidepressant-placebo difference
scores (above the median score).

To further characterize specific trial design features and patient
characteristics of the antidepressant trials, we assessed factors by
subdividing the trials into four equal quartiles on the basis of their
mean antidepressant-placebo differences. We then conducted
statistical analyses comparing the two most extreme groups: the
group of 13 trials with the highest antidepressant-placebo differ-
ence scores was compared to the group of 13 trials with the lowest
difference scores. The purpose of this analysis was to enable us to
examine the design factors that differed between the most and
least successful clinical trials.

We utilized t tests in cases where parametric statistics were ap-
propriate to compare the design features of the “least successful”
and “most successful” antidepressant clinical trials. We used Mann-
Whitney U tests when the data were not appropriate for paramet-
ric analysis. In trials with missing data for select variables, we
used pairwise deletion. Pairwise deletion allowed us to not use
these trials for analyses that required the missing data but to in-
clude the trials in all other analyses. Finally, a correlational analy-
sis was conducted to assess for the presence of any linear rela-
tionships between trial features and the degree of trial success as
measured by the antidepressant-placebo difference.

Results

Of the 52 trials, 26 were grouped as “less successful” and
26 were grouped as “more successful.” The validity of this
median-split procedure was supported by an expected sig-
nificant difference between these groups in the antidepres-
sant-placebo difference in the change in the total Hamilton
depression scale score. Table 2 highlights the differences in
design features and patient characteristics between the
more successful trials and less successful trials. A higher
percentage of the more successful trials used a flexible-dose
design. Additionally, the more successful trials contained
lower percentages of female patients in both the placebo
and antidepressant groups. The more successful trials also
included patients with higher Hamilton depression scores
(more severe depression) at baseline. No differences were
found with regard to trial length, number of sites, number
of patients per treatment condition, or patient age.

In the second analysis, the 52 trials were divided into four
groups by using a quartile split. The two most extreme
groups (having the highest and lowest average antidepres-
sant-placebo differences) were compared in regard to the
nine common design features and patient characteristics
(Table 3). As expected, the magnitude of the antidepres-
sant-placebo difference scores on the Hamilton depression
scale differed significantly between the two groups. As with
our results based on a median split, the most successful tri-
als were more likely to use a flexible dosing schedule, had
lower percentages of female patients in both the placebo
and antidepressant groups, and had higher Hamilton
scores at baseline. The only difference between our results
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TABLE 2. Features of 52 Antidepressant Trials With Less or More Success According to a Median Split of Antidepressant-
Placebo Differences in Change in Hamilton Depression Rating Scale Scores?

Success of Trial, According to Median Split
of Antidepressant-Placebo Differences in Change in
Hamilton Score, With Last Observation Carried Forward

Design Feature or Patient Characteristic Less Successful (26 trials) ~ More Successful (26 trials) Significance
Mean SD Mean SD t df p
Baseline score on Hamilton Depression Rating Scale 24.94 1.61 26.38 2.61 2.39 50 <0.05
Antidepressant-placebo difference in change in
Hamilton depression score, with last observation
carried forward 1.30 1.25 4.84 1.67 8.76 50 <0.001
Length of trial (weeks) 6.23 1.14 6.04 1.66 0.49 50 0.63
Number of sites 533 4.94 3.73 3.75 1.26 45 0.21
Number of treatment arms 3.19 0.98 2.77 0.65 1.83 50 0.07
Mean number of patients per condition 73.77 36.21 57.44 26.92 1.80 48 0.08
Mean age of patients (years) 43.11 7.81 41.98 6.68 0.52 43 0.61
Mean SD Mean SD u N p
Percent of patients who were female
Placebo group 61.93 9.81 54.36 11.98 165.5 45 <0.05
Antidepressant group 62.89 7.64 54.35 11.04 127.0 44 <0.01
N % N % 1] N p
Trials using flexible doses 15 57.7 22 84.6 221.0 52 <0.01

4 Data on some variables were not available for all trials.

based on the median split and the quartile split was the
finding based on the quartile split that the most successful
trials used fewer treatment arms. Again, no difference was
observed with regard to trial length, number of sites, num-
ber of patients per condition, or patient age.

Additionally, we examined the ranges of the data for
these variables to observe whether the extent of the ranges
may have influenced the results. The range of the mean
baseline Hamilton depression score was 21.6 to 33.6. Trial
length varied from 4 weeks to 12 weeks, and the number of
treatment arms ranged from 2 to 5. The number of sites
ranged from 1 to 18. The mean number of patients per
condition ranged from 21 to 172, while the range of the
mean patient age was 33.0 to 77.1 years.

We also conducted a correlational analysis to assess for
the presence of linear relationships between trial features
and the degree of response as measured by the difference
between antidepressant and placebo in the change in the
Hamilton depression scores, with the last observation car-
ried forward (Table 4). A larger antidepressant-placebo dif-
ference was positively associated with a higher baseline
Hamilton depression score and the use of flexible dosing
schedules. Additionally, antidepressant-placebo difference
was significantly negatively associated with the number of
treatment arms and the percentages of female patients in
both the placebo and antidepressant groups. No relation-
ship was observed between outcome and trial length, num-
ber of sites, number of patients, or patient age.

Discussion

The aim of our study was to assess the existence of de-
sign features and patient characteristics in antidepressant
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clinical trials that might be associated with clinical trial
outcome. Our analysis suggests that greater severity of de-
pressive symptoms before randomization, flexible dosing
schedule (versus fixed doses), fewer treatment arms, and a
lower percentage of female patients were significantly as-
sociated with successful outcome, as defined by the differ-
ence between antidepressant and placebo in the change in
the total score on the Hamilton Depression Rating Scale.

It is not surprising that we found greater severity of de-
pressive symptoms at baseline and flexible dosing to be
associated with greater success in antidepressant trials.
We reported such phenomena in our earlier analysis of the
FDA SBA reports (1, 5), and our results support the previ-
ous finding (7) that a higher number of treatment arms is
associated with a greater magnitude of response to pla-
cebo. This in turn is likely to reduce the chances of a suc-
cessful antidepressant trial. However, it is not clear which
antidepressant trial design features and patient character-
istics mutually exist in the FDA SBA reports and the pub-
lished reports that were previously reviewed (7).

Although studies have suggested (8, 9) that women and
men may respond differently to antidepressants, we found
an unexpected and paradoxical phenomenon. Among the
FDA SBA reports, antidepressant trials with fewer women
were more successful than trials with more women. Alter-
natively, antidepressant trials with more men were more
successful than trials with fewer men. This implies that
antidepressant-placebo differences were larger among
men than among women.

However, we cannot adequately substantiate this find-
ing as the FDA SBA reports did not report individual scores
and did not present scores in relation to the sex of the par-
ticipating patients. This phenomenon was in part due to
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TABLE 3. Features of 26 Antidepressant Trials With the Least and Most Success According to a Quartile Split of Antidepressant-
Placebo Differences in Hamilton Depression Rating Scale Scores?

Success of Trial, According to Quartile Split
of Antidepressant-Placebo Differences in Change in
Hamilton Score, With Last Observation Carried Forward

Design Feature or Patient Characteristic Least Successful (13 trials) Most Successful (13 trials) Significance
Mean SD Mean SD t df p
Baseline score on Hamilton Depression Rating Scale 24.26 1.42 26.92 2.40 3.45 24 <0.01
Antidepressant-placebo difference in change in
Hamilton depression score, with last observation
carried forward 0.48 1.23 6.17 1.23 11.79 24 <0.001
Length of trial (weeks) 6.23 1.17 6.08 2.10 0.23 23 0.82
Number of sites 5.82 6.05 3.77 4.40 0.96 22 0.35
Number of treatment arms 3.15 0.99 2.46 0.52 2.24 24 <0.05
Mean number of patients per condition 64.54 24.83 49.38 21.16 1.64 23 0.12
Mean age of patients (years) 44.29 10.70 41.14 5.77 0.93 23 0.36
Mean SD Mean SD u N p
Percent of patients who were female
Placebo group 66.85 8.41 54.04 12.04 27.0 24 <0.01
Antidepressant group 64.10 8.28 56.03 10.09 36.0 24 <0.05
N % N % 1] N p
Trials using flexible doses 8 61.5 13 100.0 52.0 26 <0.05

4 Data on some variables were not available for all trials.

TABLE 4. Correlations Between Trial Features and Magni-
tude of Antidepressant-Placebo Difference in Change in
Hamilton Depression Rating Scale Scores in 52 Antidepres-
sant Trials

Correlation With
Antidepressant-
Placebo Difference

Design Feature or Patient Characteristic r N p
Baseline score on Hamilton Depression

Rating Scale 0.42 52 0.002
Dosing schedule (flexible versus fixed) 0.36 52 0.01
Trial length -0.05 52 0.75

-0.33 52 0.02
-0.08 47  0.61

Number of treatment arms
Number of sites
Percent of patients in placebo group who

were female -036 45 0.02
Percent of patients in antidepressant group
who were female -0.31 44 0.05

-0.15 50 0.29
-0.06 45  0.69

Mean number of patients per condition
Mean patient age

the FDA’s reluctance to include women of childbearing
potential in the 1980s.

We were surprised to find that the duration of antidepres-
sant trial, number of patients per treatment arm, and num-
ber of sites were not related to the outcome of the trial.
Furthermore, the ages of the patients were similar in the
successful and not so successful trials. However, the age dis-
tributions were similar among most trials, and thus we can-
not comment on the potential effects of including either ge-
riatric or pediatric populations. In short, we may have failed
to detect the possible role of these research design features
because of the limitations of the FDA SBA report data.

A number of design features, most notably dosing sched-
ule and number of trial arms, were highly intercorrelated,
making it difficult to assess the unique contribution of each
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feature to trial outcome. Again, we were not able to assess
many other possible antidepressant trial features and pa-
tient characteristics that may be associated with trial suc-
cess as these were not available in the FDA SBA reports.
These include the role of various rating scales, including
modified versions of the Hamilton Depression Rating Scale,
the Montgomery-Asberg Depression Rating Scale, and
other scales. It is possible that trial results may differ among
various countries and cultures and also that individual pa-
tient characteristics may be different among various stud-
ies. Such features may include the frequency of melan-
cholic depression, chronicity of depressive episodes or
depressive illness, and history of resistance to antidepres-
sant treatment. For example, Zimmerman et al. (13) ele-
gantly showed that fewer than 30% of depressed patients
seen in clinical practice can be included in antidepressant
clinical trials. Thus, our findings are limited to clinical trial
populations, rather than to all depressed patients.

In summary, we found that design features of antide-
pressant trials, such as severity of symptoms before ran-
domization, use of flexible dosing of antidepressants, and
fewer treatment arms, were observed significantly more
frequently among successful trials. Additionally, success-
ful trials contained a higher number of men than women.
These findings may help in the design of future antide-
pressant trials.
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