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T he availability of so many newer antidepressants ne-
cessitates that clinicians make daily judgments about
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the relative utility of these medications. Traditionally, it has
been assumed that antidepressants that have passed the re-
view process of the U.S. Food and Drug Administration
(FDA) are (more or less) comparably effective.1 If treat-
ment options are truly comparably effective, then factors
such as convenience, tolerability, safety, and cost are typi-
cally used to determine which medications are selected
first, second, and third in a sequence of choices.2 By the
end of the 1990s, 4 members of the selective serotonin re-
uptake inhibitor (SSRI) class, fluoxetine, sertraline, parox-
etine, and citalopram, were widely accepted as first-choice
options.2 When compared to the older standard, the tricy-
clic antidepressants (TCAs), the SSRIs had only 1 com-
parative disadvantage, higher direct cost. This drawback
will begin to dissipate as generic formulations of fluoxe-
tine and other class-mates become available. The SSRIs can
thus be considered the new standard of comparison, against
which all new antidepressants must be measured.

It is likely that yet another new antidepressant,
duloxetine, shortly will be approved for use in the United
States. Available evidence indicates that duloxetine has
bona fide antidepressant effects.3 Such early findings,
which obviously require more extensive replication, are
buttressed by the conceptual argument that antidepressants
that simultaneously and directly affect noradrenergic and
serotonergic neurotransmission will be more effective than
more selective medications if tolerability is comparable.4,5

Recently, evidence from pooled analyses of studies of 2
other newer medications that affect both neurotransmitter
systems, venlafaxine4,5 and mirtazapine,5,6 suggests either
more rapid or greater overall efficacy than SSRIs. These
findings are not universally accepted, however, and have
potentially large commercial implications. Therefore, it is
timely to examine both the strengths and the limitations of
the methods used to compare the effects of new antidepres-
sants. The primary aim of this review is to determine if
current research methods are sufficiently precise to recog-
nize a superior antidepressant effect if one actually exists.

RANDOMIZED CONTROLLED TRIALS (RCTs)

The RCT has been the standard for establishing the
efficacy of new antidepressants since the 1960s. New anti-
depressant medications must show significantly greater
effects than a double-blind pill placebo in at least 2 well-
controlled or pivotal RCTs before approval by the FDA
is possible. Generally, between 1000 to 2000 patients have
received the new medication in early (phase 2) and later
(phase 3) RCTs by the time of FDA approval.7 This is usu-
ally sufficient to determine if the medication has an accept-
able tolerability and safety profile as compared to existing
standards. It is generally not known, however, if the novel
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medication is actually somewhat more or less effective
than standard medications.

Why is it so hard to determine relative efficacy? One
reason is that it is now apparent that the effects of antide-
pressant medication in RCTs have been overestimated. For
example, approximately 50% of the placebo-controlled
RCTs of recently approved antidepressants failed to dem-
onstrate statistically significant effects.8 This is because
the average intent-to-treat, drug-placebo difference among
published, placebo-controlled studies of newer antide-
pressants is only about 18% (e.g., 48% vs. 30%).1 When
unpublished studies are taken into account, a difference of
only about 10% can be expected.8 This amounts to an aver-
age advantage for the active medication of less than 2
points on the Hamilton Rating Scale for Depression
(HAM-D)9 when compared to the placebo condition.

These effects may seem surprisingly small, especially
if one considers the larger effect sizes commonly observed
in the first generation of placebo-controlled trials of
TCAs.1 The relevance of the results of those studies to both
contemporary practice and research, however, is limited.
A fairly large proportion of the early RCTs evaluated hos-
pitalized patients and, in the 1960s, many of the depressed
patients participating in those studies had never before
received a trial of antidepressant pharmacotherapy. Diag-
nostic practices also have changed, with a broadening of
the definition of the major depressive disorder. Response
to placebo is typically less pronounced in more severely
depressed samples, whereas prior treatment resistance
generally is associated with lower response rates to both
active and placebo interventions.10 Most contemporary
studies enroll highly selected ambulatory subjects, often
recruited from media advertisements. It is noteworthy that
more recent ambulatory studies that compared SSRIs and
TCAs have observed comparable response rates.1,8 Thus, it
is the patients who participate in RCTs that have changed,
not the efficacy of antidepressants.

The primary consequence of overestimating the pre-
dicted drug-placebo difference is underestimating the
number of research subjects needed in order to address the
aims of a particular trial. The term statistical power refers
to the probability of observing a predetermined, between-
groups difference under certain standard assumptions
(e.g., use of a 2-tailed statistical test, with α = .05). A
power value of at least 0.80 is generally desired, which
means that there is an 80% chance of observing a “true”
effect of the predicted magnitude if one exists. A power
value of 0.80 also means that if the hypothesized effect is
true (i.e., Drug A has real antidepressant effects), there
will be no more than a 20% chance of a false negative
study result. In the jargon of the clinical researcher, this
undesirable outcome is referred to as a type 2 error.

Drawing upon the data from the 1960s, a predicted
drug-placebo difference of 30% (e.g., 60% for Drug A and
30% for placebo) would indicate that about 75 subjects per

group will be needed for the study to have 0.80 power.
However, if the expected difference is only 10% as re-
ported by Khan et al.,8 then more than 300 subjects per
group will need to be enrolled. Most studies of novel anti-
depressants conducted in the 1980s or 1990s enrolled no
more than 100 patients per condition.1,7,8 Therefore, the
average study was woefully underpowered and the prob-
ability of type II error was unacceptably high (e.g., ≈50%)
in contemporary RCTs. Conducting larger studies, the best
long-term solution, will demand a far greater financial
commitment from the sponsors of clinical research. Such
large studies also pose daunting problems with respect to
feasibility, implementation, and quality control.

The difficulties encountered by researchers trying to
distinguish an active antidepressant from placebo are mag-
nified when the comparison involves 2 effective medica-
tions,1,5 particularly when medications have overlapping
mechanistic effects (e.g., a serotonin-norepinephrine re-
uptake inhibitor should work for most if not all of the pa-
tients who respond to an SSRI). Also, the combination of
attrition, placebo-responsivity, nonadherence, and “latent”
treatment resistance places a low ceiling on the potential
number of patients that will actually obtain a “true” re-
sponse to pharmacotherapy.5 Again, the likely advantage
of a more effective medication in a contemporary RCT
may be only about 10%, so at least 300 patients per group
would be needed. I am not aware of a single study contrast-
ing a new antidepressant and a standard comparator that
enrolled enough patients to have adequate statistical power
to detect such a difference.

An active comparator in the typical RCT of a new anti-
depressant also can be used to help document assay sensi-
tivity.11 Assay sensitivity refers to the study’s ability to de-
termine if an antidepressant with known efficacy actually
worked in a given patient group. By convention, if both the
experimental and the standard treatments fail to surpass
placebo, the study is considered to be “failed” rather than
negative. Given the poor assay sensitivity of contemporary
RCTs (i.e., a 50% failure rate), the manufacturer of a novel
medication typically plans to conduct 5 to 8 studies to
ensure that bad luck (i.e., repeated type II error) does not
“kill” the development of a potentially useful medication.
However, only about one half of these studies will have
included an active comparator and, with an average value
power of 0.50, it is unlikely that a statistically significant
difference favoring one drug over another could be found
in more than 1 or 2 of the comparisons. These studies thus
can be called equivalence studies because they usually do
not have the power to separate the good from the better.

The manufacturer of a new antidepressant also may
conduct a number of comparative studies after the medica-
tion has been approved by the FDA. These phase 4 or post-
marketing studies are performed either to collect evidence
of comparability with a leading product (again, an equiva-
lence study) or to emphasize a particular advantage, such
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as a more favorable effect on sleep12 or sexual function.13,14

Whether or not a placebo control group is necessary in a
postmarketing study is controversial because the efficacy
of both compounds has already been established. How-
ever, without a placebo group, an equivalence study might
just be a negative study. For example, both groups could
have 35% response rates, or one drug may appear more
effective than another simply because the study group was
selected from a subpopulation that was responsive to one
type of medication but not the other.

INTERPRETING DIFFERENCES
IN STANDARD RCTs

When a significant difference is observed in an equiv-
alence (i.e., underpowered) study, it is unlikely that the
observed difference was a chance occurrence. The con-
ventional p = .05 convention ensures that there is no more
than a 1 in 20 chance of a false positive finding, which
is referred to as a type I error. Significant or nonrandom
effects in 1 study are not always attributable to meaningful
or across-the-board differences, however. Taking into ac-
count the likelihood that such an apparent difference will
be used to influence drug sales, however, physicians, as
consumers of research report findings, must take a careful
look at the validity or integrity of the study.

A number of factors may qualify, invalidate, or even
bias a finding of differential efficacy. These issues are il-
lustrated by the following series of questions. First, is the
finding robust—does it extend across multiple measures of
therapeutic benefit? A finding that is delimited to a single
dependent measure is much less convincing than a broader
pattern of significant effects. Second, could the study have
been biased by subject selection criteria? For example, if
the novel medication were found to be more effective than
an SSRI in a study group selected on the basis of past treat-
ment failure,15 these findings may not generalize to deci-
sions about relative efficacy for a treatment-naive popula-
tion. Third, was the study group unusual in some other
respect? The characteristics of the study group can have a
pronounced influence on outcomes. For example, mono-
amine oxidase inhibitors (MAOIs) have been found to be
more effective than TCAs in studies of ambulatory patients
with reverse neurovegetative features,16 yet in inpatient
studies (i.e., older, more predominantly melancholic pa-
tients), the TCAs were significantly more effective than
MAOIs.17 Similarly, among a study group selected for se-
vere insomnia, a medication with stronger sedative effects
may have a significant advantage when compared to a
medication that is alerting. Fourth, was the study imple-
mented fairly? If the group treated with the optimal dose
of Drug A has a significantly better outcome than a group
treated with the minimum dose of Drug B, one can not be
confident that the same result would hold true if dosing
were comparable. Fifth, was the study double-blind and, if

so, was the integrity of the blind maintained? Open-label
studies are more subject to the expectancies of the clini-
cians, evaluators, and patients. In the open-label com-
parisons of various psychotherapies and antidepressants,
for instance, the allegiance of the investigative team was
strongly related to the outcomes.18 Although the double-
blind partly protects clinicians from such an allegiance ef-
fect,19 the blind is not fully intact when medications that
have distinctly different side effects are compared.20 In
summary, the findings of 1 study may not accurately ad-
dress the question of differential efficacy. Confidence that
a meaningful difference does exist ultimately requires rep-
lication of findings across diverse groups and settings.

QUANTITATIVE METHODS FOR COMPARING
RESULTS ACROSS STUDIES

The principal methods for comparing treatment effects
across a group of studies are meta-analyses and pooled
analyses.

Meta-Analyses
A quantitative meta-analysis21 determines the average

effect size and the variability of such effects within a set of
studies. Various statistical techniques also can be used to
examine the impact of study or patient characteristics on
the average or standardized effect.

Meta-analyses have been instrumental in establishing
that the SSRIs are as effective as the TCAs22 and better
tolerated.23 A meta-analysis also helped to confirm that,
despite overall comparability, TCAs have a modest ad-
vantage over SSRIs in studies of inpatients.24 Further, this
modest advantage in hospital-based studies actually repre-
sented a mixture of 2 patterns of outcome: a larger differ-
ence in studies utilizing “dual” reuptake inhibitor TCAs
(i.e., amitriptyline and clomipramine) and virtually no dif-
ference in studies of more noradrenergically selective
compounds (i.e., the TCAs desipramine and nortriptyline
and the related tetracyclic maprotiline).24 Such differential
effects, which can be viewed as a 3-way interaction (i.e.,
treatment × subclass of treatment × setting), essentially
disappear within a broader mixture of comparisons.25

There are 3 important shortcomings to meta-analysis.
First, like other statistical approaches to grouped data, the
power to detect meaningful differences is dependent on
both the magnitude of the effect and the number of obser-
vations. The unit of observation in a meta-analysis is the
number of studies, not the number of patients in each
study. Therefore, reliable results are unlikely unless the
findings are consistent or a large number of studies have
been performed. Confidence in the results of broader
classes of comparisons (e.g., TCAs vs. SSRIs)1,25 is typi-
cally greater than among comparisons in which only a
handful of relevant studies are available (e.g., fluoxetine
vs. paroxetine).26
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A second and potentially more critical shortcoming of
meta-analysis is caused by an artifact called the “file
drawer” effect. This refers to the tendency for researchers
to publish positive findings and to “file away” negative
trials. The file drawer effect does not simply result from a
devious suppression of negative results. Studies sometime
fail because of clear-cut problems in design or implemen-
tation and, even when submitted for publication, negative
studies tend to receive less favorable reviews than positive
studies. Nevertheless, the net result is that a meta-analysis
that is delimited to only the published studies will yield
inflated effect sizes, with the magnitude of the inflation for
a particular medication proportional to the number of nega-
tive studies that have been left behind in the file drawer.

The third limitation of meta-analysis results from arbi-
trary decisions about the studies or the factors that are in-
cluded or excluded from the analysis itself. As noted pre-
viously, the allegiance of the investigator is associated
with the outcomes of unblinded studies.18 With respect to
double-blind RCTs, potentially moderating variables such
as source of funding (i.e., industry vs. federal), length of
the trial, an estimate of the integrity of the double-blind,
and comparability of dosing strategies could affect the re-
sults. For example, in the meta-analysis of Freemantle et
al.,25 the decision not to partition the studies into inpatient
and outpatient subgroups influenced results.24

Pooled Analyses
The second method for examining differences between

treatments based on completed studies is a pooled analy-
sis. Also known as a “meta-analysis of original data,”27 a
pooled analysis includes the outcomes of all of the sub-
jects that participated in a related set of studies. The unit of
observation is thus the number of patients, not the number
of studies. This method results in profoundly more statisti-
cal power than available for a meta-analysis, which may
be critical when only a small number of comparative stud-
ies are available. Examples of relevant pooled analyses
in the antidepressant literature include studies comparing
(1) the effects of fluoxetine and TCAs on suicidal ide-
ation,28 (2) the efficacy of MAOIs and TCAs in typical and
atypical depressions,16 (3) the additive effects of psycho-
therapy and pharmacotherapy,29 and (4) the efficacy of
venlafaxine and several SSRIs.4

Pooled analyses are not foolproof: they also can be
compromised by the file drawer effect, as well as by incon-
sistencies in study design and arbitrary decisions about
inclusion and exclusion of subjects or studies. The results
of 1 large study also can “overwhelm” the findings of a
number of smaller studies. Nevertheless, if all data from
all subjects from all studies are utilized, the chances for
mischief are diminished. Statistical safeguards, referred to
as homogeneity or sensitivity analyses,30 also can be used
to ensure that the results are robust. Specifically, it can
be shown that evidence of a difference does not depend on

1 study, 1 outcome definition, or 1 subgroup of patients.4

If duloxetine is really more effective than the SSRIs, a
pooled analysis could confirm such a difference after
completion of as few as 4 to 6 studies.

SOME THOUGHTS ABOUT DULOXETINE

Drawing upon the experience gained conducting a
pooled analysis of venlafaxine and SSRIs,4 a number of
questions about the relative efficacy of duloxetine can be
anticipated. First, is evidence of a difference simply the
result of a superior effect for duloxetine therapy only
among the subgroup of patients who have failed to re-
spond to a previous trial with another SSRI? Answering
this question will require collection of reliable information
about past treatment history. Second, is the difference
similar across all 4 of the SSRIs that are approved as anti-
depressants in the United States? This line of investigation
will necessitate additional studies employing sertraline
and citalopram in addition to the already completed stud-
ies of fluoxetine and paroxetine. Third, are the differences
sustained after the acute phase of therapy? Extension of
studies to include continuation phase therapy would be
needed to confirm that an apparent advantage in efficacy is
not simply due to a faster onset of therapeutic effects.
Fourth, are comparable differences apparent in studies of
primary care patients? This is important because a major-
ity of antidepressant prescriptions are now written by pri-
mary care providers. Finally, is the advantage apparent
when the study is not directly funded by Eli Lilly? This
question may prove to be the most difficult to answer be-
cause there are few alternate funding sources for studies
comparing duloxetine with other antidepressants.

A final comment concerns “proof of concept”—the
theoretical rationale for an advantage in efficacy. In the
case of duloxetine, proof of concept would entail demon-
stration that greater effects on dysfunctional neural sys-
tems mediated by serotonin and norepinephrine are associ-
ated with stronger antidepressant effects. Relevant targets
could include measures of disinhibited hypothalamic-
pituitary-adrenocortical function, such as a greater reduc-
tion of cerebrospinal fluid corticotropin-releasing hor-
mone (CRH) levels or plasma cortisol levels in response to
a combined CRH-dexamethasone suppression test. Func-
tional imaging studies demonstrating a greater effect on
cerebral blood flow or regional glucose metabolism of
neural circuits implicated in antidepressant response rep-
resent another avenue. Availability of ligands for positron
emission tomography studies of norepinephrine systems
will, of course, facilitate such studies. A comparison of in
vivo measurement of percentage inhibition of serotonin
and norepinephrine reuptake transporter sites in relation
to antidepressant efficacy would represent a good start.
The attention to detail, difficulty of implementation, and
cost of such neurobiological protocols undoubtedly will
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prevent incorporation of mechanistic studies within large
scale RCTs. Instead, smaller focused studies of enriched
study groups will be needed to “prove” the concept of dual
reuptake inhibition.

SUMMARY

This commentary began with the proposition that the
SSRIs have become the standard of comparison for new
antidepressants. It is also suggested that the conventional
wisdom that all antidepressants are equally effective is
no longer true. Rather, it is asserted that the same factors
that have compromised the sensitivity of RCTs to detect
drug-placebo differences similarly have impaired discrimi-
nations between effective and even more effective antide-
pressants. In order to have the power to make such a dis-
tinction, an RCT may need to enroll 300 or more patients
per cell. Few studies thus have adequate statistical power.
Alternatively, conclusions can be drawn from quantitative
methods that combine data from groups of smaller studies.
The relative merits and limitations of 2 strategies used to
examine the results of comparative studies, meta-analysis
and pooled analysis, were discussed. The former method is
preferred when there are a large number of relevant RCTs;
however, failure to include unpublished data from all rel-
evant studies may inflate results. The latter method, unless
biased by selective inclusion of studies or marked hetero-
geneity of results, is preferred when there are only a hand-
ful of comparable studies. Although the task of selecting
among a number of good choices remains more clinical art
than science, quantitative methods are now available to
help determine if there are clinically meaningful differ-
ences in antidepressant efficacy.

The conventional RCT provides a low power telescope
for visualizing differences between effective medications.
If there were a light at the end of the tunnel, it would be dif-
ficult to see it. Until methods that can improve the ability to
discriminate between an active antidepressant and a placebo
are identified and implemented, the ability to see modest
differences necessitates the use of statistical methods such
as meta-analysis and pooled analysis of original data.

Drug names: amitriptyline (Limbitrol and others), citalopram (Celexa),
desipramine (Norpramin and others), fluoxetine (Prozac and others),
mirtazapine (Remeron), nortriptyline (Aventyl), paroxetine (Paxil),
sertraline (Zoloft), venlafaxine (Effexor).
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