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Background: The development of new antidepres-
sant drugs has reached a plateau. There is an unmet need
for faster, better, and safer medications, but as placebo-
response rates rise, effect sizes shrink, and more studies
fail or are negative, pharmaceutical companies are in-
creasingly reluctant to invest in new drug development
because of the risk of failure. In the absence of an iden-
tifiable human pathophysiology that can be modeled in
preclinical studies, the principal point of leverage to
move beyond the present dilemma may be improving
the information gleaned from well-designed proof-of-
concept (POC) studies of new antidepressant drugs with
novel central nervous system effects. With this in mind,
a group of experts was convened under the auspices of
the University of Arizona Department of Psychiatry and
Best Practice Project Management, Inc.

Participants: Forty-five experts in the study of
antidepressant drugs from academia, government (U.S.
Food and Drug Administration and National Institute of
Mental Health), and industry participated.

Evidence/Consensus Process: In order to define the
state of clinical trials methodology in the antidepressant
area, and to chart a way forward, a 2-day consensus con-
ference was held June 21–22, 2007, in Bethesda, Md., at
which careful reviews of the literature were presented
for discussion. Following the presentations, participants
were divided into 3 workgroups and asked to address a
series of separate questions related to methodology in
POC studies. The goals were to review the history of
antidepressant drug trials, discuss ways to improve
study design and data analysis, and plan more infor-
mative POC studies.

Conclusions: The participants concluded that the
federal government, academic centers, and the pharma-
ceutical industry need to collaborate on establishing a
network of sites at which small, POC studies can be
conducted and resulting data can be shared. New tech-
nologies to analyze and measure the major affective,
cognitive, and behavioral components of depression in
relationship to potential biomarkers of response should
be incorporated. Standard assessment instruments
should be employed across studies to allow for future
meta-analyses, but new instruments should be devel-

oped to differentiate subtypes and symptom clusters
within the disorder that might respond differently to
treatment. Better early-stage POC studies are needed
and should be able to amplify the signal strength of drug
efficacy and enhance the quality of information in clini-
cal trials of new medications with novel pharmacologic
profiles.
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century. However, if there is to be further progress in de-
veloping antidepressant drugs, we must seriously rethink
and reconceptualize future study designs. A draft report
from the Agency for Healthcare Research and Quality con-
cluded that current antidepressants produce symptomatic
remission in only one-third of depressed patients with their
first course of medication.*1–4 Some meta-analyses of large
data sets suggest small differences in efficacy among the
classes of antidepressants.†2,5–8 Yet, none of these differ-
ences can be considered clinically meaningful, and there is
a great unmet need for better medications to treat major
depressive disorder (MDD).

The primary end points in clinical trials have not
changed substantially over the past 40 years. There are no
generally accepted surrogate markers of disease or treat-
ment response, and there is no consensus on the moderat-
ing or mediating factors that might affect response to
active drug or placebo.10,11 At least half of recent antide-
pressant clinical trials have been negative due to a high
placebo response rate.12

For more than a decade, the selective serotonin reup-
take inhibitors (SSRIs) and the serotonin-norepinephrine
reuptake inhibitors (SNRIs) have been the most widely
used antidepressants. There have been no recent break-
through developments in novel mechanisms of action or
enhanced effect size. For example, since 2002 the only
“new” antidepressants to be introduced in the United
States are escitalopram (a stereoisomer of an already mar-
keted drug, citalopram), duloxetine (a relatively older mol-
ecule that resurfaced to become the second member of the
SNRI class in the United States), and a patch-delivered
formulation of selegiline (an irreversible monoamine oxi-
dase inhibitor [MAOI] first synthesized in the 1970s). New
drugs emerging since 1991 have fallen by half each year,
even though there has been a doubling of research sup-
ported by the National Institute of Mental Health (NIMH)
and an abundance of new biotechnical tools.105 The same
animal models that were used 40 years ago to screen for
potential antidepressants are still being used today. Drug
development costs are increasing, yet the number of drugs
resulting in new drug applications is decreasing (see U.S.
Department of Health and Human Services,13 Figure 1).

Certainly, most antidepressant drug discovery and de-
velopment efforts fail because MDD is a heterogeneous ill-
ness, and the pathophysiology of the disorder (or any po-
tential subcategory) is incompletely understood. As long
as MDD is defined phenomenologically rather than bio-
logically, it will be impossible to specify pharmacody-
namic effects that reliably predict improvements in clinical
outcome. Clinically, we need a more precise diagnosis,
more detailed analysis of the behavioral profile of depres-
sion, and more effective and safer treatments. There is a
great need for antidepressants that (1) work faster, (2) have

higher rates of response and remission, (3) continue work-
ing longer, (4) work in partially responsive or refractory
patients, and (5) have fewer side effects and potential
drug-drug interactions. The situation is approaching an
impasse, and, in an era in which relatively safe and inex-
pensive SSRIs have become the standard for comparison,
fewer companies may choose to invest in developing new
drugs until there are more robust predictors of clinical ef-
ficacy. If payers will not reimburse for the extra cost of a
novel, patent-protected medication because of the lack of
evidence of a differentiating advantage, the market for new
antidepressants will decrease. Moreover, until new clinical
trial methods are developed and validated, hypothetical
new drugs that potentially could be more efficacious for a
subset of patients with MDD might not be discovered.

Bottlenecks in the overall drug development process
highlighted by the U.S. Food and Drug Administration
(FDA) include a limited number of biomarkers and surro-
gate end points for predicting clinical efficacy in animal
models and early-stage clinical testing.14 This is certainly
true for antidepressants. At this time, the primary point of
leverage to advance antidepressant drug development is to
enhance the quality of information in early-stage proof-of-
concept (POC) studies to amplify the signal of drug effi-
cacy and to control better for the impact of the placebo
effect. Progress in this area might suggest more relevant
animal models for screening antidepressant drugs, as well
as improved methodology for pivotal phase 2 and phase 3
trials. Most if not all currently available preclinical models
of depression were based on effects of monoaminergic
compounds (MAOIs, tricyclic antidepressants [TCAs],
SSRIs, and SNRIs), suggesting the potential for a mono-
aminergic bias. Finally, while these preclinical models
have been useful in screening for different classes of
monoaminergic compounds, their utility with novel agents
needs to be demonstrated.‡15–20 Importantly, no extant pre-
clinical behavioral paradigm qualifies as a validated ani-
mal model for the pathophysiology of MDD, or for a spe-
cific disaggregated component of the syndrome.

In an attempt to encourage informed innovation in the
design of POC studies that might amplify signal strength
of drug efficacy in antidepressant trials, the University
of Arizona Department of Psychiatry and Best Practice
Project Management, Inc., convened a consensus develop-
ment conference on June 21–22, 2007, in Bethesda, Md.

A ntidepressant medications have provided a major
benefit to countless patients since the mid-20th

*In a publication that appeared 6 months after this conference, Turner
et al.4 reported that the “true” effect size of antidepressant medications
based on all published as well as unpublished results is smaller than in
the published literature.
†Other studies offer some evidence that various drug types affect differ-
ent symptoms.9

‡Interestingly, many novel mechanisms may also be effective in
these preclinical behavioral paradigms, including mGlur5 negative al-
losteric modulators, vasopressin antagonists, and multiple other neuro-
peptidergic mechanisms.15–20
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Attendees included 45 participants from academia, the
National Institutes of Health (NIH), consumer advocacy,
the FDA, and the pharmaceutical industry. This article rep-
resents a consensus of the participants.

HISTORY OF ANTIDEPRESSANT CLINICAL TRIALS

Antidepressant clinical trials began in the 1960s with
small samples of severely ill inpatients and large effect
sizes of drugs versus placebo. In the past 2 decades, anti-
depressant clinical trials have moved to large outpatient
populations with resultant small to moderate average ef-
fect sizes.21 Tricyclic antidepressants and MAOIs domi-
nated the early years of antidepressant drug development,
leading to monoaminergic-based theories of the patho-
physiology of MDD. The middle generation of antide-
pressants included maprotiline, amoxapine, nomifensine,
bupropion, and trazodone, with TCAs as the reference
standard. When SSRIs were first tested, TCAs were used
as the active comparator. Most recently, the SSRIs have
become the standard of comparison for other novel an-
tidepressants. While monoaminergic-focused pharmaco-
therapy still dominates the antidepressant pharmacopoeia
and drug pipeline, extant data no longer support a mono-
aminergic “deficit” as an adequate explanation for MDD.22

Most early inpatient trials found TCAs to be superior to
placebo. Since then, the capacity to demonstrate superior
efficacy of a new putative antidepressant compared with
placebo has steadily declined. From 1985 to 1997, 55% of
new and 42% of standard antidepressant trials from the
FDA Summary Basis of Approval (SBA) data sets failed to
demonstrate significant drug versus placebo differences.23

In a review of published studies between 1980 and 2000,
the percentage of patients assigned to TCAs or SSRIs who
had a greater than 50% improvement rose each year, but
the percentage of patients assigned to placebo who showed
this level of improvement rose as well, with a relatively
greater increase in placebo response rates.21 The placebo
response rates in these trials varied from 10% to 50%, with
a disproportionate number of the more recent studies at the
higher end of this distribution. One consequence of these
temporal trends is that sample sizes of 30 in studies con-
ducted in the 1960s produced the same power we now get
from sample sizes in the hundreds, due to shrinking drug-
placebo differences (i.e., the between-group effect size).

What explains the growing number of failed antide-
pressant drug trials? First was a secular trend in the pop-
ulation of patients available for studies. Changing care
delivery in the community and growing awareness of the
availability of treatments for depression have altered the
pool of subjects for antidepressant research. Although
rating-scale scores look comparable across the decades,
current study populations are less severely ill than earlier
inpatient populations in other respects, such as level of
global or functional impairment. Fewer severely ill pa-

tients are available for studies now—unless they are non-
responders to prior treatment. Existing randomized, con-
trolled trial (RCT) designs are inadequately sensitive to
drug-induced changes in the less severely ill (see, for ex-
ample, Thase et al.8). Also, the placebo response rate is
greater in patients who are less severely ill. Thus, larger
studies are now required to achieve the statistical power
of earlier studies. However, larger studies are as likely to
fail due to a proportional offsetting increase in error vari-
ance resulting from the greater number of sites and/or
faster pace of sample accrual. Factors at both ends of the
severity spectrum diminish the ability to detect meaning-
ful drug-placebo differences: mildly ill patients have a
higher placebo response rate, and if multiple treatments
have failed in severely ill patients before they come to
clinical trials, they are less likely to respond to the next
therapy.

Second, the diagnosis of depression has expanded. In
the early days of modern psychopharmacology, the em-
phasis was more dimensional, with a focus on core fea-
tures of functionally impaired subjects. The move to cat-
egorical diagnostic criteria allowed diverse presentations
to qualify for MDD. Two patients can now fully meet the
MDD criteria without a single overlapping symptom. For
example, one patient could have depressed mood, weight
gain, hypersomnia, fatigue or loss of energy, and recurrent
thoughts of death, while another exhibits markedly dimin-
ished interest or pleasure, significant weight loss, insom-
nia, psychomotor retardation, feelings of worthlessness
or guilt, and diminished ability to think or concentrate. A
drug with a specific biochemical or neuroanatomic mech-
anism may not produce the same result in these 2 different
individuals.

Rating Scales, Measuring Symptoms, and End Points
The first studies of antidepressant effects used global

ratings, even before the Clinical Global Impressions scale
was developed. The publication of the Hamilton Rating
Scale for Depression (HAM-D) in 1960 was a watershed
event.24 The original had 21 total items, 17 of which were
to be scored. Hamilton recommended that 2 experienced
psychiatrists rate the scale independently, and their ratings
were summed to get a total score. The recommendations
changed over time to an average of the 2 scores and were
then further streamlined to a single rater with established
reliability.25 The HAM-D has been criticized for not fully
covering the diagnostic criteria for MDD.25–27 It was
developed more than a decade before the introduction of
the first sets of operationalized diagnostic criteria, and
fully 20 years before the publication of the Diagnostic
and Statistical Manual of Mental Disorders, Third Edition
(DSM-III). The HAM-D was intended to give a broad ap-
praisal of the overall severity of depression, not to replace
a diagnostic evaluation or clinician’s global impression,
and it was supposed to be used by experienced clinicians
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only. It measured symptoms most commonly seen in
Hamilton’s inpatient unit; that is, those of older, more se-
verely ill, and less treatment-resistant patients. For this
reason, the HAM-D is more circumscribed and inconsis-
tent in its coverage of the symptoms that often character-
ize milder depressive episodes, and it is less useful in
teens and children than in adults. The rating scale is at its
sharpest in moderate to severe depression, losing preci-
sion as severity increases.28

In addition to the above, the HAM-D is heavily
weighted toward anxiety and somatic symptoms. There
is no measure of hostility, even though hostility was
once considered a defining characteristic of major depres-
sion29–31 and early studies of antidepressants highlighted
reduction in hostility as the initial indicator of antidepres-
sant efficacy.32–34 There also is little coverage of symptoms
related to motivation and enjoyment, key elements of the
depressive spectrum. Many of its items are extraneous
to treatment outcome. The HAM-D asks just 1 question
about functionality, but functionality is the issue of great-
est concern to mental health consumers (Depression and
Bipolar Support Alliance, unpublished survey results). All
of these criticisms notwithstanding, the HAM-D contin-
ues to be widely used.

There have been many revisions to the HAM-D. In
1967, Hamilton35 added the cognitive triad of hopeless-
ness, helplessness, and worthlessness to create a 24-item
scale. Guy36 developed brief standardized diagnostic
probes, although these too were global ratings and largely
impressionistic. Miller and colleagues37 were the first to
publish a structured interview for the HAM-D. They also
were the first to attempt to add reverse vegetative symp-
toms, such as hypersomnolence, hyperphagia, and weight
gain.37 An even more detailed structured interview guide
was developed in 1988 by Janet Williams (Structured In-
terview Guide for the HAM-D [SIGH-D]),38 and subse-
quently this was supplemented for the reverse vegetative
symptoms (Structured Interview Guide for the HAM-D–
Seasonal Affective Disorder version).39 Thase and col-
leagues40,41 at the University of Pittsburgh Medical Center
also developed supplemental HAM-D items rating reverse
vegetative symptoms for use in studies assessing the effi-
cacy of MAOIs, although ultimately they suggested using
it as a “stand alone” for studies of patients with prominent
vegetative reversal.40 While there are several alternate ver-
sions of the HAM-D, the 17-item version remains the
most widely used. On different versions, some items are
scored differently.42

After almost 50 years, the HAM-D retains its primacy
as a measure of the overall severity of MDD. Although
sometimes referred to in jest as the “lead standard” be-
cause of its imperfections, the HAM-D contains a valid,
single dimensional “core” subscale of 5 or 6 items.43–46

The structured interview guides improve the precision of
administration, and outstanding reliability coefficients can

be achieved if raters are trained properly.38 However, what
is possible under optimal circumstances and what hap-
pens in large multicenter trials may be highly divergent:
rater training for industry-sponsored trials can be variably
effective, with less-than-adequate attention to establish-
ing and maintaining reliability over time. The impact of
imprecise ratings of the primary dependent measure can
have a devastating effect on RCTs: with a reduction in
reliability, there is a corresponding drop in power and
design sensitivity.47 That translates into requiring even
larger sample sizes to assess the efficacy of a new drug.

Beyond the HAM-D, the Beck Depression Inventory
(BDI)48 and the Montgomery-Asberg Depression Rating
Scale (MADRS)49 have the next longest track records.
The BDI, now used exclusively as a self-report measure
and more likely to be included in a study of psychother-
apy than pharmacotherapy, differs from the HAM-D in
that it is dominated by cognitive symptoms of depression.
Self-report assessments such as the BDI may be vulner-
able to score inflation by a subset of patients with more
marked subjective distress, a potential limitation that may
be amplified by the emphasis on cognitive symptoms of
depression (i.e., pessimism and hopelessness). For ex-
ample, in one study patients who had disproportionately
high BDI scores (as compared with HAM-D scores) were
relatively nonresponsive to pharmacotherapy.50 The BDI
has minimal coverage of neurovegetative symptoms of
depression. The self-report is more useful for some pur-
poses, like screening or office practice, than others, and
historically, self-report measures have not been preferred
for use in studies conducted for regulatory purposes.
However, FDA officials have recently indicated that self-
report is a valid measure in assessing outcomes.106,107

The symmetric structure and equal weighting of items
on the MADRS give it a slight edge over the HAM-D
in psychometrics. The MADRS is less “imbalanced”
than the HAM-D with respect to ratings of anxiety and,
as such, may be less affected by sedating or nonsedating
effects of antidepressants. The unidimensional core of
MADRS also consists of a larger proportion of the
total scale items. Despite these strengths, however, the
MADRS has not shown obvious superiority to the HAM-
D in demonstrating antidepressant drug effects.51

Additional alternatives to the HAM-D, BDI, and
MADRS include the Inventory of Depressive Symptom-
atology (IDS; Clinician [C] and Self-Report [SR] and
regular and Quick [Q] versions)26 and the Patient Health
Questionnaire. Each offers unique strengths over the
HAM-D (assessment of the full DSM syndrome criteria),
but for this small improvement, one loses continuity
across nearly 50 years of research with the HAM-D, and,
for the most part, investigators have selected the older
standards, using newer scales as secondary measures.
Some experts believe it is now time to break with tra-
dition, while others are more conservative, favoring
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retention of the HAM-D. Some people have tried to adapt
the HAM-D for self-report, because self-report, in con-
cept, can take out the clinician variable. It is more cost-
effective to capture self-report in an electronic format,
such as Interactive Voice Response or Web-based tools.

The results of RCTs in depression reflect not only rat-
ing scales, but how the scales are administered. As men-
tioned previously, reliability and standardization of ratings
are seldom addressed or monitored. Expectations and de-
mand characteristics insidiously and pervasively distort
pretreatment and posttreatment ratings. Depression ratings
drift downward over the study’s course as staff become
more familiar with the patient and provide interpersonal
support and as patients and raters expect improvement.

In addition, most studies offer financial incentives that
may inflate initial ratings. If excluding a patient results in
a $500 payment, while enrollment produces up to $14,000
in fees for a multistage trial, one can understand how an
on-site evaluator may be more likely to obtain a score of
21 (i.e., above the enrollment threshold) than an indepen-
dent, off-site evaluator, particularly when the distinction is
relatively subtle (e.g., the difference between a score of 21
and a score of 19—i.e., just below the threshold). As in-
take severity threshold scores have increased in an effort
to improve signal detection, a countervailing bias (deliber-
ate or unconscious) toward elevating scores to get more
patients into the study may be operating. Another secular
trend that may affect the sensitivity of the measures could
be related to the fact that less-well-trained personnel per-
form these clinician-rated measures in clinical trials.

One more issue is the difference between how clini-
cians define outcomes (i.e., symptom reduction or re-
sponse or remission rates) and what patients define as
improvement. Clinicians define recovery by decreases in
irritability and suicidal thoughts and increases in sleep and
appetite. Patients, on the other hand, want to have mean-
ingful work; satisfying relationships; safe, stable housing;
and hope (Zimmerman et al.52 and Depression and Bipolar
Support Association, unpublished survey results). The se-
verity of depressive symptoms is only partially and vari-
ably related to functional impairment.53 With current de-
pression end points, symptomatic improvement does not
necessarily result in improved functional capacity.53 The
breadth of depression assessments could be expanded by
adding global functioning, quality of life, social and vo-
cational functioning, sexual functioning, and selected
comorbidities, such as anxiety, pain, or insomnia. This
breadth is most easily attained by the addition of brief, but
comprehensive self-report scales.

Given the heterogeneity of depressed patients, the
clinician-patient differences in expectations, and the lack
of concordance between symptomatic improvement and
function, some antidepressants that appear to perform well
in research studies have been disappointing in practice—
and in the market (such as trazodone, nefazodone, moclo-

bemide, and reboxetine). This poor performance has been
related, in part, to side effects and adverse events. While
statistical significance in RCT demonstrations of efficacy
is important, it may not translate to clinical significance,
effectiveness, or tolerability.

Site Selection
When modern psychopharmacology was “born” in

the 1950s, clinical investigation was conducted by scien-
tists at academic centers or research sites in public and
private mental hospitals. A majority of patients in con-
temporary RCTs are enrolled by investigators at private
for-profit outpatient sites. Typically, operational groups
within pharmaceutical companies choose trial sites. The
decision makers usually focus on throughput (perfor-
mance metrics) based on prior experience. Quality may be
sacrificed for speed of enrollment. Since speed is critical
in the cost of drug development, many large pharmaceuti-
cal companies have developed their own databases on site
performance and whether a site can discriminate an active
drug from placebo. Site differences in differentiating drug
and placebo response in phase 3 antidepressant trials
have been well documented.54 Information on quality and
performance metrics is considered competitive and not
shared between companies. While site metrics for pivotal
trials are reasonably well understood, site requirements
for POC studies with novel antidepressants need to be
determined, including access to specific populations or
subpopulations, quality/reliability of clinician ratings,
and potential access to cutting-edge technology that may
suggest surrogate end points. Because of their access to
research resources, academic sites should be considered
prime locations for POC studies, provided that sponsors
can be certain that the responsibilities of investigators are
not delegated to residents and inexperienced staff and
that the sites can meet reasonable performance (speed of
recruitment) requirements and cost considerations. Drug
company sponsors and contract research organizations
(CROs) should not automatically use the metrics appro-
priate for pivotal trials in evaluating sites for POC studies.

Placebo Response Rates
More than many other central nervous system disor-

ders, depression is sensitive to the placebo effect, which
presents a major challenge to the development of novel
antidepressant drugs. An analysis of the FDA SBA reports
for 11 approved antidepressants between 1985 and 2005
found that the magnitude of placebo response was the
single most powerful predictor of the outcome of an anti-
depressant trial.55 If the magnitude of symptom reduction
among depressed patients assigned to placebo was more
than 30%, the chance of significant separation from anti-
depressant was only about 21%. By contrast, among the
studies with lower placebo response rates, the chance of
a “positive” study (i.e., a statistically significant effect
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favoring drug over placebo) was 74%. It is therefore
noteworthy that placebo response rates in contemporary
RCTs typically range between 40% and 50%, which al-
most single-handedly explains the high rate of failed
studies.

One early attempt to improve signal detection in-
volved use of a 1- or 2-week lead-in period of placebo
therapy prior to beginning the RCT. The logic of this
strategy is straightforward: if the patients who were most
responsive to nonspecific factors could be identified be-
fore randomization, the subsequent placebo response rate
would be expected to be lower. However, results of one
meta-analysis indicated that the placebo lead-in strategy
did not improve signal detection,56 perhaps because of
both the brevity of the intervention and the fact that
placebo has typically been administered single blind. As
fewer than 10% of patients typically respond during a
single-blind placebo lead-in,56 it may be that the “un-
blinded” clinicians inadvertently convey low expecta-
tions of benefit to their study patients. It remains to be
seen if alternate lead-in strategies, such as a longer period
of double-blind placebo therapy or using nonresponse
to an initial course of psychotherapy as a means to iden-
tify depressed people more likely to “require” pharma-
cotherapy,57,58 are cost-effective ways to enhance signal
detection.

It is almost axiomatic that more severely depressed
patients are relatively more responsive to antidepressants
than to placebo. Regrettably, attempts to capitalize on this
observation by requiring that studies only enroll patients
with moderate-to-high levels of symptom severity appear
to engender inflation of pretreatment severity ratings,
which can offset or even reverse the predictive value of
pretreatment severity ratings. For example, Khan et al.59

recently found that higher pretreatment symptom severity
ratings only predicted larger effect sizes when the studies
did not utilize high severity inclusion criteria.

Acuity and chronicity are also important factors.
Whereas short episodes may be the most likely to remit
spontaneously or respond to placebo-expectancy inter-
ventions, patients presenting with more protracted de-
pressive episodes may be less likely to respond to
standard interventions. Although prospective empirical
confirmation is lacking, some of the experts in attendance
at the meeting suggested that the best signal detection oc-
curs in depressed people who have been ill for more than
6 months but fewer than 3 years.

Placebo response rates in antidepressant trials also
have been shown to be linked to several methodologic or
study design facts. For example, studies that use flexible
dosing protocols are more likely to detect significant drug
versus placebo differences (as compared to studies using
fixed-dose protocols), as are studies that compare fewer
treatment arms (vs. those with 4 or more arms). These
particular findings are interrelated: flexible-dose studies

typically have fewer arms than those using fixed-dose
protocols. One practical implication of these observations
is to emphasize simpler 2- or 3-arm studies and flexible
dosing protocols in POC trials.

Finally, there are ethical issues to consider when de-
signing a study involving administrating placebo to some
patients with MDD. There is reasonable justification for
the use of placebo in short-term (i.e., up to 12-week) tri-
als, based on the high response and remission rates ob-
served with placebo and the opportunity for responders to
be spared an unnecessary medication exposure. Addition-
ally, nonresponders may subsequently be offered active
treatment. But it is much harder to justify longer-term use
of placebo in MDD trials. In such cases, for ethical rea-
sons nonresponders must have easy opportunities for re-
moval from protocol and rapid treatment with an estab-
lished therapy.

Trial Duration
Initial response to antidepressants occurs over a vari-

able time period. Some trials have suggested that early
improvement can be detected within days.33 Symptoms
may continue to improve over 8 to 12 weeks or longer.
Some argue that longer clinical trials allow time for more
subjects to respond to treatment and for placebo response
to dissipate, strengthening the treatment signal. In 1984,
Quitkin et al.60 concluded that improvement during the
first 2 weeks was due to the placebo effect and that the
“true” clinical action of antidepressants was delayed
for several weeks. However, more recent studies61,62 and
meta-analyses63–65 suggest that clinical efficacy can be
detected in treatment-responsive patients within 1 to 2
weeks. Indeed, the failure of an antidepressant to bring
about ≥ 20% improvement in symptoms during the first
2 weeks is a good predictor of patient nonresponse at 6 to
8 weeks.9,65–68

There are statistically significant differences between
changes in mood and interest symptom clusters in early
responders, late responders, and nonresponders in the first
4 weeks of treatment.69 Subjects who are going to have a
late response continue to improve in the mood symptom
cluster, but those who are not going to respond tend to
“flatten out” at 3 weeks. If a patient has less than a 20%
improvement by 6 weeks, there is little point in continu-
ing treatment with the same medication.70 The strength of
the evidence argues for shortening clinical trials for new
antidepressants to 3 to 4 weeks from the current 6 to 8. In
addition, prolonged placebo treatment periods raise issues
about feasibility and dropouts that may be fatal to a study.

ALTERNATIVE MODELS AND OUTCOME METHODS
FOR ANTIDEPRESSANT CLINICAL TRIALS

The established model for the design of an antidepres-
sant clinical trial is “disorder-specific.” This model is
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based on the theory that depression is a unitary disorder.
The antidepressant drug is presumed to target the specific
pathophysiology underlying the illness. A test of the
drug’s efficacy then requires measuring its capacity to re-
duce the severity of the “whole” syndrome. An alternate
model is “component-specific.” It is based on the premise
that depressive disorder is not unitary but multifaceted,
comprised of major behavioral and affective elements that
interact to create the depressed state. Thus, the therapeutic
effects of a given drug may be differentially effective on
specific subcomponents of the disorder, such as anxiety,
hostility, and motor functioning, or on items other than
the “core” pathology of depression. Indeed, these changes
may not be detected if only broad rating instruments are
used. In theory, one could tailor new treatments to the dif-
ferent pathophysiology underlying different depression
symptoms or components, but data supporting this link-
age are limited. Some investigators report that the initial
actions of serotonergic drugs, such as most of the SSRIs
and TCAs, are on anxiety and hostility, while the nor-
adrenergic drugs (for example, desipramine) act first on
motor activity and anxiety.9,59 The findings of earlier ac-
tion on components of the disorder (vs. total severity or
global functioning)9 have been confirmed in clinical stud-
ies and in meta-analyses of clinical trial results.63 Going
forward, a multifaceted approach to assessing the compo-
nents of depression in POC studies could apply several
different types of measurements67—including novel clini-
cal ratings, self-report measures (including new electronic
versions), psychomotor performance, cognitive function,
personalized outcomes, functional outcomes, video eval-
uation, genetics, and brain imaging.

Adaptive treatment clinical trial designs are becoming
popular in some therapeutic areas.71 In these designs,
clinical decisions, and adjustments in clinical care, are
based on adaptive threshold-dependent algorithms (the
individual’s needs), as well as the mechanism of action of
the drug being tested and the expected response time. Re-
sponses and side effects are monitored over time. Certain
benchmarks are established in advance that meet temporal
and symptomatic criteria for clinical decision-making,
such as when to raise or lower the dose, augment, or
switch treatments. Recent literature advocates designing
trials to assess optimal adaptive strategies.72,73 In a shorter
trial using an adaptive trial design, time points for
decision-making should be fixed (in advance of the start
of the trial) at 3, 4, and 6 weeks. Given response heteroge-
neity and delayed effects in clinical trial and “real-world”
populations, it is necessary to individualize treatment de-
cisions. These measurement-based care approaches have
been used recently in practical clinical trials like the
NIMH-funded Sequenced Treatment Alternatives to Re-
lieve Depression (STAR*D) trial.72,73 Such measurement-
based care approaches have an added advantage of iden-
tifying maximally tolerated doses and not settling for

minimal effective doses as is commonly done in industry-
sponsored studies.*  Adaptive treatment strategies provide
repeated adjustments based on past and present treatment-
related effects and may enable shorter trials.

POTENTIAL TARGETS FOR
ANTIDEPRESSANT ACTION

Moderators and Mediators
A treatment moderator is a pretreatment variable

that identifies patients who respond differentially to treat-
ments in terms of specific treatment outcomes. Potential
moderators include clinical cross-sectional measures at
baseline, such as anxiety, hostility, cognitive functioning,
and severity of depressed mood; historical measures like
age at onset, duration of the current episode, degree of fa-
milial aggregation, and recurrence; biological measures;
and even programmatic measures (for example, whether
family intends to be involved in the treatment program
or not).

Treatment mediators, on the other hand, are possible
mechanisms through which a specific treatment might
work. Mediators are variables reflecting change or events
during treatment that might explain the degree of treat-
ment effect. Possible mediators include adherence to
treatment, the degree of family involvement during treat-
ment, and changes in biological or behavioral response
that presage changes in outcome. Mediators may suggest
how the treatment might be improved or made more cost-
effective for future studies.

If moderator variables could be identified, patients
could be selected for whom a specific treatment is most
likely to be effective. Existing data sets with contrasting
treatments and a large enough sample could be used to try
to identify moderators. Well-documented data sets from
industry, NIMH, and individual studies at academic cen-
ters might be useful for this purpose. Unfortunately, many
of the available data sets have limited coverage or eval-
uate a limited subset of the psychological, behavioral,
and physical symptoms of depression. A moderator can
be identified only if it has been defined and quantified
prior to initiation of treatment. Access to the richest data
sets, including some large studies on chronic depression,
is limited.

Another problem in trying to identify moderators
is that many variables lack a standard definition. For
example, age at onset could mean age at first major

*Unless critical decision points with required dosage escalation (in the
absence of dose-limiting side effects) are specified, the mean dose of
the medication may be too low, leading to a reduced response rate. In
fact, the desire to minimize reported side effects, which may adversely
affect marketability, may actually lead companies to use lower doses in
clinical trials than might be ideal. This is especially critical in POC tri-
als, which may need to use aggressive dosing strategies in order to
maximize the chance to detect drug-placebo differences.

1519



A Call for Proof-of-Concept Studies of Antidepressants

Reprinted with correction to page 1525.
J Clin Psychiatry 69:10, October 2008 1521PSYCHIATRIST.COM

depression, first symptoms of depression, or current epi-
sode. The same is true for duration of disorder. There may
be differences in how these variables are defined between
sites or even between raters at the same site. Unless it is
clear what is being analyzed, it will be difficult to obtain
accurate results and impossible to pool data from different
studies. Identifying potential moderators can generate hy-
potheses, not conclusions. These hypotheses would have
to be cross-validated with other data sets or with new, pro-
spective studies.

Mediators are even less well studied than moderators.
In concept, the therapeutic alliance between patient and
therapist could be a mediator in psychotherapy outcomes.
Improvement in maternal depression may mediate im-
provement in depressive symptomatology in their at-risk
offspring.74 The tryptophan depletion paradigm could
help to clarify serotonin’s role as a possible mediator of
antidepressant effects.75

Subtypes
Another approach to increase detectable effect sizes

is to examine subtypes of depression (Table 1). Subtypes
may be characterized by distinctive biological and clinical
features, or, at the least, symptom differences may have
therapeutic and research relevance. Some may moderate
response, and there may be differential therapeutic effects
on specific symptoms.

A history of early life adversity may affect treatment
response.86 Other research is investigating the possibility
that genetic polymorphisms—e.g., brain-derived neuro-
trophic factor, serotonin transporter, 5-HT1A—may be
moderators of drug response.87,88

Depressed medically ill patients may not constitute
a subtype, but they need to be thought of differently in
terms of a potential therapeutic target. Depression is more

common in the medically ill than the non–medically ill,
and some biological mechanisms may be congruent be-
tween being ill and being depressed. Patients with more
severe medical comorbidity have lower response and re-
mission rates compared to patients with less medical
comorbidity.78

Industry has historically been reluctant to target a sub-
type of depression that could restrict the total number of
potential patients for a drug. Yet, identifying a subtype that
comprises, for example, 20% to 30% of the depressed
population, for which a new drug will reliably work could
allow focus on a solid market for that drug and an impor-
tant niche. Further, identifying a discrete subtype could
improve signal detection in clinical antidepressant trials,
thereby reducing the overall costs of drug development.

BRAIN IMAGING AND GENOMIC ANALYSIS

Someday, imaging may explain some of the variance
in clinical outcome on antidepressants and contribute to
a biological classification of mood disorders that comple-
ments current phenomenology. Positron emission tomog-
raphy (PET) could help investigators to understand disease
etiology, identify treatment targets, choose the right dose
range, monitor antidepressant action, provide biological
surrogates or biomarkers for efficacy, identify subtypes,
and eventually aid in selecting the best medication for
individual patients.*89–91 Brain-imaging–based biological
classification would have substantial implications for drug

*Beyond neuroimaging, some studies of slow-wave activity look prom-
ising with respect to identifying antidepressant responsive profiles as
well as placebo responsive profiles.89–91 Localized slow-wave activity
may represent a trace of synaptic potentiation.92 This has been demon-
strated with learning paradigms and visual motor tasks.93

Table 1. Subtypes of Depressiona

Subtype Characteristics Suggested Treatment

Melancholic depression More common in inpatients and elderly Antidepressants with dual reuptake or
Greater illness severity and impairment combination of SSRI and SNRI76

Atypical depression Younger age at onset MAOIs77

Longer index episode Augmentation with T3
78

More chronic course
Two of the following:

hypersomnia
hyperphagia
intense lethargy/fatigue (leaden paralysis)
hypersensitivity to rejection/criticism

Depression with anger attacks79,80 High hostility, somatization, and anxiety Serotonergic antidepressants80

Blunted neuroendocrine responses to serotonergic
challenges81

Structural brain differences in white matter
hyperintensities78

Depression with prominent insomnia Lower remission and response rates82 Combination of antidepressant and hypnotic83

Anxious depression Lower remission and response rates72,80,84,85

aOther subtypes such as bipolar depression, late-life depression, depression related to stroke or other brain disease, or depression associated with
concomitant medical illness were not addressed at this conference.

Abbreviations: MAOI = monoamine oxidase inhibitor, SNRI = serotonin-norepinephrine reuptake inhibitor, SSRI = selective serotonin reuptake
inhibitor, T3 = triiodothyronine.
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development, including the ability to identify patients
who are more likely to respond to antidepressants in
general or to specific classes of antidepressants, thereby
increasing the signal strength in antidepressant trials. Ex-
amples are evidence that low transporter binding and
high 5-HT1A autoreceptor binding (related to a higher ex-
pressing promoter variant in the 5-HT1A gene) detected
on PET scanning predict a poorer antidepressant medica-
tion response or remission rate.94

Genomic information also could point the way to
new moderators of treatment response in POC trials.
Depression is undoubtedly heterogeneous, begging for
genetic dissection. Pharmacogenetics is the study of ge-
netic variations and how they relate to variable drug re-
sponse or alternatively variable adverse effects. It in-
cludes the genetic polymorphism of drug transporters,
drug metabolizing enzymes, and drug receptors. Pharma-
cogenomics is a subset of genetics that identifies indi-
vidual differences in drug pharmacokinetics and pharma-
codynamics related to host genes. It aims at identifying
disease genes and new drug response markers at levels
of drug absorption and metabolism, drug target, or dis-
ease pathway.95 Pharmacogenomics usually focuses on
sequence variations in particular genes, such as single
nucleotide polymorphisms (SNPs). Pharmacodynamic
predictors and adverse event prediction can help either
select a certain patient for a certain treatment because
they will respond to that treatment or select them out of
a treatment because they will have an adverse outcome.
An intronic variation of the 5HT2A polymorphism is
probably the marker most ready for use. Data from the
STAR*D pharmacogenomic study suggest that this
variation is associated with poor response to the SSRI
citalopram.96

CONSENSUS FINDINGS AND RECOMMENDATIONS

Based on the review of the state of antidepressant
drug development and clinical trials design in this field,
conference participants developed a set of recommenda-
tions to advance discussion of, and planning for, future
POC studies. The recommendations focused on 4 general
areas: study design, study conduct, data analysis, and
future research.

Improving Study Design
1. Relevant designs for POC antidepressant trials

should be restricted to simple, small studies that test
a single hypothesis.

2. Trials should be shorter and include triage to drop
nonresponders in the first several weeks of the study.

3. POC studies should be double blind. Open POC trials
would be misleading.

4. A series of POC studies can start with a small pilot
study to establish feasibility. A small single-site trial

can inform the design and power calculations for a
larger multisite POC study. The latter would involve
more than 1 but fewer than 6 sites.

5. POC for a new agent and scale validation cannot be
carried out concurrently. POC trials can provide ex-
ploratory analysis, but not the comprehensive vali-
dation that is needed before including a scale in the
phase 2, phase 2B, and phase 3 trials.

6. The analysis of subtypes and symptom clusters will
require adaptations of existing designs. For example,
enrichment strategies may be needed to increase the
inclusion of patients with specific characteristics—
e.g., suicidality, anger, anergy, chronicity, and treat-
ment resistance.

7. If patients would not receive treatment if they were
not in the study, then a placebo is an appropriate
control.

8. If there is a best standard of treatment, then that
should be used as the comparison. The use of an
active comparator can vastly increase sample size
requirements.97

9. “Treatment as usual” can also be used as the control.
Treatment as usual varies across settings and pop-
ulations, thus limiting the generalizability of study
results.

10. The HAM-D should be used at least at intake and end-
point in all POC trials so the data can be included in
meta-analyses. However, the MADRS and the QIDS
are also highly sensitive to patients’ symptoms and to
symptomatic change and highly correlated and can
enhance assessments.

11. Self-reports, including electronic versions, can be
used to supplement clinical ratings, and the FDA is
currently considering their use as primary outcomes
for some disorders.

12. The use of currently available cognitive measure-
ments, such as neurocognitive testing, in POC trials
would be beneficial for future studies.

13. Patients’ symptoms and side effects should be mea-
sured on a routine basis every visit.

14. Since onset of action might occur in days, rather
than weeks or months, twice-weekly or more frequent
evaluations should be performed and should include
established rating scales as well as self-report scales.
A combination of rating scales and self-report meth-
ods would provide measures of the components in ad-
dition to overall severity.

15. Self-report measures should be continuous (e.g., daily
or more frequent) and repeated measures should be
conducted over time, which would help with issues of
reliability, attrition, and missing data.

16. Methods such as Interactive Voice Response System
technology or the Depression and Bipolar Support
Alliance (DBSA) mood-tracking online questionnaire
could be used to track mood and measure onset of
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action. The DBSA scale might also be helpful for
informing trial design.

17. Video evaluation methods provide a permanent vi-
sual record of patient interviews, thus eliminating the
memory factor in judging severity of pathology at
admission to the study. They can facilitate reliability
testing of behavioral measures and diagnosis across
clinical settings and allow for centralization of clini-
cian ratings. Video evaluation should be considered
in multisite POC studies.

18. Critical decision points should be used to make new
treatment decisions, such as when to escalate the dose
of a treatment, declare a treatment failure, and deal
with partial improvement.

19. Biomarkers that can be used in POC trials should be
adopted on the basis of how easy they are to use.

20. The federal government, academic centers, and in-
dustry should collaborate to create a network of sites
to focus on POC studies and translational research in
the treatment of MDD. Such a network should share
data across POC studies and identify moderator and
mediator variables related to antidepressant and pla-
cebo response.

21. DNA from all clinical studies should be banked
now for future use in genomic analysis. Ideally, DNA
would be collected from all willing patients in clin-
ical trials for all studies (including industry) and
banked centrally.

22. Cerebrospinal fluid (CSF) samples also represent a
valuable pooled resource. Again, the federal govern-
ment, industry, and academia should collaborate to
create a data bank of CSF samples and integrate them
with newer methodologies, such as PET scanning of
receptors and transporters from the same neurotrans-
mitter systems and relevant functional gene variants.
Future imaging methods will extend to indices of
second messenger systems and trophic effects on the
brain that have been identified with antidepressant
action.88–100 Targeted CSF studies might be very help-
ful in POC trials to identify elements associated with
treatment responses. Promising methods for CSF in-
clude proteomic and metabolic analyses.101–103

23. Power calculations should consider the sampling,
measurement, design, and outcome decisions actu-
ally made in the study, not generically. A critical com-
ponent of sample size determination is the value of
the effect size below which clinicians are unlikely
to prefer treatment over control. Until standards are
established, a trial should have sufficient statistical
power to detect a moderate effect size (d = 50). Most
studies require no fewer than about 65 patients
per treatment group, a few more in a well-designed
multisite trial. Conceivably, in highly targeted stud-
ies, fewer patients per treatment group would be
needed.

Improving Study Conduct
1. Site considerations

a. Companies should develop a common tool for site
evaluation for POC studies and enable the creation
of a common data pool of quality POC sites.

b. The criteria for high-quality sites for POC studies
in depression will not be the same as criteria for
“high-throughput” sites for phase 3 studies. These
distinct criteria need to be spelled out.

c. Sites should demonstrate the ability to discriminate
active treatment from placebo.

d. Formalized training systems for achieving stan-
dards and competency of raters across POC study
sites should be developed, validated, and applied.

e. Requirements for sites should be standardized.
While academic sites will likely be preferred for
studies using new technology or tools for surrogate
markers, they should be held to quality and perfor-
mance (speed) metrics consistent with good clinical
practice and good business practice.

2. The growing placebo response in RCTs demands
more sensitive behavioral methods and ethical solu-
tions, the creative use of new technologies, and practi-
cal methods to “blind” raters to the expectations of the
study, phase of study, and treatment assignments.

3. Since there are as yet no biological markers for mental
disorders, behavioral evaluation is the only way to de-
termine what the drug is doing, so reliable and valid
assessments are very important. Sites need to be com-
pensated for the additional costs related to supple-
mental assessments involved in POC studies. While
adding methodology increases costs, when the reli-
ability of the rating procedure is improved, sample
size can be reduced and costs reduced.

4. The relevant population for a POC study should be the
one upon which clinicians are called to treat, except
for those unwilling or unable to participate, those who
might be harmed by one of the treatments, or those
who previous moderator analyses indicate would not
be benefited by inclusion.

Improving Data Analysis
1. A study needs to be analyzed as it was designed, in

terms of stratification, matching, use of covariates,
and multisite designs. In a multisite trial, the analysis
should be done centrally and must include site and
site-by-treatment interaction. One of the major rea-
sons for doing a multisite trial is to test the generaliz-
ability of the treatment effect, so it must be included in
the analysis.

2. Stratification or matching often complicates the ex-
ecution of the trial. If ignored, it may increase Type I
error. If dealt with properly, it may necessitate a large
sample size to control Type II error. Stratification and
matching should not be performed unless there is a
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strong indication from prior trials that it is necessary,
and the design should be kept as simple as possible to
answer the primary research question.

3. The analysis should be performed before the blinding
is removed, so that the interpretation of the results is
not conditioned by what the researchers want to say
about their data. Only after final clinical conclusions
are drawn should blinds be lifted.

4. “Intention to treat” analysis should include all patients
randomized in the study, even if they do not appear for
the first treatment. With this in mind, it would be best
to delay randomization to the last possible moment, in
order to minimize the “no-shows.” The FDA generally
uses a modified intent-to-treat analysis that includes
all randomized subjects who received at least 1 dose
of assigned treatment and who had a baseline and at
least 1 follow-up assessment.

5. When interpreting the results, the only p value that
matters is the one for the primary outcome. Other re-
sults are publishable, but naked p values should not be
given. Area under the curve, number needed to treat,
and success rate differences are acceptable effect
sizes.

6. Even if the p value is greater than or equal to .05,
which means that the study is inadequate to find a
difference between drug and placebo, investigators
should continue analyzing the results in multiple dif-
ferent ways, not to change the conclusions but to im-
prove the design of future studies. Reasons that an ef-
fect may not have shown include inadequate sample
size, unreliable measures, and too much or not enough
stratification.

7. After each RCT, moderators should be assessed. In fu-
ture studies, effect size can be increased by targeting
the intervention to patients who have the best poten-
tial of responding to it.

8. Although much of the effort to identify possible treat-
ment moderators will be exploratory, when a possible
moderator is identified, it must be formally tested pro-
spectively with enough subjects included in the study
to provide sufficient power for the analysis.

9. Site differences should be examined to determine
if some characteristics affect outcome. An example
might be involving family members in treatment.

10. The FDA has promoted last-observation-carried-
forward (LOCF) methodology for years, but various
repeated-measures models typically provide less bi-
ased estimates of the treatment effect. The FDA will
accept mixed-effects regression models as an alterna-
tive to LOCF for the primary analysis model. How-
ever, investigators need to seek advice from the FDA
on the analytical plans: model justification (e.g., the
acceptable level of missing data), sensitivity analyses,
interim analyses, and adjustment for multiple com-
parisons. Since there will always be missing data, it is

important to understand the reasons for the missing
data.104

11. Reasons for discontinuation of treatment should be
clearly defined: is the cause of discontinuation a par-
ticular side effect, a group of side effects, or simply
that the treatment is not working? Patients may dis-
continue in large part because they are not feeling sig-
nificantly better, rather than because of an intolerable
side effect.

12. Conclusions should not generalize beyond the limits
of the sample studied. If 90% of a population is ex-
cluded from a study, the results apply only to the 10%
who were included in the trial.

Future Research
1. More research is needed to define subtypes within

the depressive spectrum and discrete symptomatic el-
ements that may more accurately reflect the underly-
ing biology.

2. While validated assessment instruments, such as the
Symptom Checklist-90 or its brief form and selected
mood scales as well as the IDS and QIDS, have been
in use for decades and are applicable in new studies,
novel assessment instruments are sorely needed.

3. Although currently used scales cover a wide range of
depression symptoms, other symptoms are left out—
e.g., anger, hostility, agitation, stress coping, and per-
ceived stress, as well as the cognitive aspects of de-
pression, including attention, concentration, decision
making, and mood regulation. Scales for specific
measurements could expand horizons.

4. Neuroimaging and genomic analysis offer great hope
for biomarker development to subtype depression and
predict treatment response. Critical for research in this
area is to avoid following research paradigms of the
past that sought to link a biological (e.g., neurochem-
ical) variable to the overall diagnosis of depression.
Biomarkers should be identified in relationship to ma-
jor affective, cognitive, and behavioral components of
depressive disorder and in assessing state changes
related to treatment in POC studies.

5. Biomarkers may eventually identify patient sub-
groups for preferential treatment response and side
effects.

Issues for Further Discussion
1. If trials use symptomatic volunteers (self-declared pa-

tients), are the results applicable to the patient popula-
tion being treated in real clinical practice settings? Is
the use of symptomatic volunteers an inclusion crite-
ria issue or a site issue?

2. Should bridging studies be used going into phase 1
with patients rather than with nonpatients? Bridging
studies have been routinely done in studies of cog-
nitive enhancing drugs in Alzheimer disease and of
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antipsychotic drugs in schizophrenia. Drugs act dif-
ferently in nonpatients and in patients. A downside of
bridging studies in phase 1 is the increased cost of
conducting studies in patients (versus nonpatients).
The benefits of perhaps picking up an early signal of
efficacy need to be weighed against the increased
costs of the study.

3. Two other issues have not been well defined in antide-
pressant clinical trials:
a. What does “treatment as usual” mean as a control

condition rather than placebo for patients previ-
ously nonresponsive to antidepressants? Treatment
as usual may differ significantly between sites in
ways that may not be well documented.

b. Nonresponsive patients make up two-thirds of the
patient population. Previous treatment nonresponse
might be a moderator variable, but it is unclear
how prior history of nonresponse should be fac-
tored into placebo-controlled, and active treatment–
controlled, antidepressant clinical trials; perhaps
stratification could be used.

These issues of “treatment as usual” and previously
nonresponsive patients as a distinct moderator in an-
tidepressant trials need to be addressed in future
studies.

CONCLUSION

The primary endpoints in clinical trials have not
changed substantially over the past 40 years. There are no
generally accepted surrogate markers of disease or treat-
ment response, and there is no consensus on the moderat-
ing or mediating factors that might affect response to ac-
tive drug or placebo. A high percentage of antidepressant
clinical trials have been negative due to a high placebo re-
sponse rate.15 The situation is approaching an impasse,
and, in an era in which relatively safe and inexpensive
SSRIs have become the standard for comparison, one can
imagine that fewer companies will be willing to invest in
the development of new drugs until there are more robust
predictors of clinical efficacy. There are unused validated
trial methods available to complement established ones,
and new methods are currently being developed. Until a
new model for clinical trials is agreed upon, though, new
drugs that might be more efficacious for a subset of MDD
patients could be overlooked.

Bottlenecks in the overall drug development process
highlighted by the FDA include a limited number of bio-
markers and surrogate endpoints for predicting clinical
efficacy in animal models and early-stage clinical testing.
This is certainly true in the antidepressant area. At this
time, the primary point of leverage to advance antidepres-
sant drug development is to enhance the quality of infor-
mation in early-stage POC studies to amplify the signal of
drug efficacy and better control for the impact of the pla-

cebo effect. Progress in this area might suggest more rel-
evant animal models for screening antidepressant drugs,
as well as improved methodology for pivotal phase 2 and
phase 3 trials.

The 45 participants from academia, the NIH, patient
advocacy, the FDA, and the pharmaceutical industry at
our consensus development conference agreed on the
need to improve the state of the art in pivotal clinical trials
through focused POC studies of novel, putative antide-
pressant drugs. In terms of study design, the conferees
recommended small, double-blind trials involving 2 to 6
sites that test a single hypothesis. Outcome should be
measured using HAM-D at intake and endpoint to allow
data to be included in future meta-analyses, but the use
of other scales and methods for documenting patients’
progress should be incorporated as well to enhance as-
sessments. Newer approaches to achieving a common
standard of clinical assessment include video evaluations
and frequent patient self-report via Interactive Voice Re-
sponse or other electronic technology.

The federal government, academic centers, and indus-
try need to collaborate in the creation of a network of sites
that can focus on POC studies and translational research
on MDD. Such a network should optimally enable the
sharing of data across POC studies and the identification
of robust moderator and mediator variables related to
antidepressant and placebo response. Drug study sites
should be evaluated using a common tool relevant to
POC studies. Quality metrics should be emphasized over
throughput, but academic and commercial sites should
be held to equivalent standards on issues of recruitment
rates, quality of clinical assessment, and the ability to dif-
ferentiate active treatment from placebo. Academic sites
should have the advantage of access to state-of-the-art
technology, but consortia of academic and commercial
sites might be developed to help meet recruitment and
scientific targets.

The data analytic strategy should be chosen such
that it corresponds to the study design. Stratification and
matching should be kept simple and only used if neces-
sary. Analysis should be performed before blinding is re-
moved. Even if a study does not find a significant dif-
ference between drug and placebo, exploratory analyses
could provide information to improve the design and con-
duct of future studies. Moderators should be assessed af-
ter each RCT, so that future studies can target the inter-
vention to patients who are most likely to respond to it.

With the advent of new technologies in brain imaging
and new tools for assessing CSF, this is the time in which
detailed analysis and measurement of the major affective,
cognitive, and behavioral components of the depressive
disorder should be studied in relationship to potential
biomarkers in small POC studies. Biomarkers should be
incorporated into POC trials on the basis of their promis-
ing theoretical interest and eventual applicability in later
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pivotal trials. DNA from all POC (and other) antidepres-
sant clinical trials should be banked (preferably at a cen-
tral repository or as a shared resource) for future genomic
analysis to improve genetic predictors of drug response
and side effect profile. Cerebrospinal fluid samples also
represent a valuable pooled resource for proteomic and
metabolic analyses that might clarify factors that mediate
treatment response.

Neuroimaging represents a promising area for bio-
marker development of disease (disorder) state, depres-
sion severity, subtyping of the disorder, disaggregation of
symptoms, and monitoring of global and specific symp-
tomatic response to treatment. For research in this area to
succeed, it is critical that we avoid the mistakes of the past
that sought to find a simple biochemical explanation of
major depression (e.g., relative depletion of monoamines
norepinephrine and serotonin) and focus instead on un-
covering basic behavioral and biological components of
the depressive disorders. Novel assessment instruments
should be developed to differentiate subtypes and symp-
tom clusters within MDD.

While a number of issues remain about how best to de-
sign and conduct POC antidepressant trials, the overview
of the state of the field and the consensus recommenda-
tions offered by the conference suggest possible short-
term actions and longer-term strategies to advance the de-
velopment of more efficacious drugs to treat MDD.

Drug names: bupropion (Aplenzin, Wellbutrin, and others),
citalopram (Celexa and others), desipramine (Norpramin and others),
duloxetine (Cymbalta), escitalopram (Lexapro and others), norepi-
nephrine (Levophed and others), selegiline (EMSAM, Eldepryl,
and others).
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