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W

e are inclined in medicine to be enamored with
positive results in clinical research, be they from
large, well-designed clinical trials or from small case series.
It is much more often heard that a negative result would
somehow become positive if only the sample size were
increased rather than that a positive result could become
negative for the same reason. Unfortunately, it is more likely
that a larger sample will lead an early positive result to
become negative than the other way around, since movement
toward the null and away from positive findings seems so
inexorable in medicine that discussion of it has made its way
into the popular press.1 Nevertheless, we want our trials to
be positive, we want treatments to offer to our patients, we
want to be able to offer hope, and, perhaps most of all, we
want to feel good about our field and ourselves.
The introductions to the reports of nearly all published
clinical trials for bipolar depression emphasize the need for
more validated and effective treatments, and this need has not
changed in 2 decades. In spite of years of research, advances
in the treatment of bipolar depression have been few; there
are 2 established monotherapy treatments—quetiapine
for depression in bipolar I and II disorder and lurasidone
for depression in bipolar I—and a single combination
treatment—olanzapine and fluoxetine combination
for depression in bipolar I disorder. The other atypical
antipsychotics have failed when studied; lamotrigine has
not definitely proven itself as an acute treatment in multiple
trials; and antidepressants . . . well, let’s just leave it that their
benefit in bipolar disorder has not been established.
All of this brings us to this ambitious and well-designed
study by Calabrese et al2 of the wakefulness drug armodafinil
(the R-enantiomer of the indirect dopamine receptor agonist
and dopamine reuptake inhibitor modafinil) in depressed
subjects with bipolar I disorder who were already receiving
maintenance medications for bipolar disorder.
Both modafinil and armodafinil were promising
compounds for the treatment of bipolar depression. As
small randomized trials of modafinil suggested a rapid
and robust antidepressant effect for the drug in bipolar
depression, it was hoped that the same effect would be
found for the R-enantiomer, leading Teva Pharmaceuticals
to initiate trials that might result in a US Food and Drug
Administration (FDA)–labeled indication for armodafinil
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in bipolar disorder. While the trial published in this issue
found a statistically significant but modest effect in favor of
armodafinil 150 mg after the seventh week of an 8-week trial,
the company’s 2 other trials (currently unpublished) failed to
find a statistically significant effect—and Teva has abandoned
its efforts to gain FDA approval for the bipolar depression
indication. How then, should we interpret the results of this
single study with regard to our clinical practice?
Perhaps the biggest difficulty in interpreting studies is in
understanding the relationship between the statistical power
inherent in a given study and whether the results of that
study can be trusted. We have come to rely on P values as
the determination of whether treatments are effective or not:
P < .05 and the result is positive; P > .05, it’s not.3 No matter
how often statisticians publish about this oversimplification
and its dangers, this sense of a magic threshold persists. It
is the power of the study, however, rather than the P value
itself that determines whether the finding is likely to be a
true finding. That is to say, an underpowered study is likely
to result in both a negative finding (P > .05) that is actually
true (false-negative) and a positive finding (P < .05) that is
actually false (false-positive). Most findings in neuroscience
are likely to be false-positive findings, as Button et al4 have
pointed out, yet positive findings are the ones that are most
likely to be published.
It is rare that the a priori power calculations for a study are
reported in publications.5 Instead, what tends to be reported
are assumptions about power that were used to design the
study and justify sample size—the predicted effect, its
standard deviation, and the calculated number of subjects
required to have 80% or 90% power—although in the case of
this study, it is not reported at all. There is some controversy
about the importance of post hoc power analyses, with some
arguing that, for positive trials, they are not important at all,
but the work of John Ioannidis6 and others4 has quite elegantly
demonstrated that there is a strong relationship between lack
of power and false-positive results. The post hoc power of
this study, calculated from the reported results, appears to
be somewhere between 40% and 68% and suggests that the
study is, in fact, underpowered. This would mean that there
is a high probability that the authors are falsely rejecting the
null hypothesis, even when their P value is < .05.
P values do not measure the size of the effect, whether
the effect is large enough to be of importance to patients
and treatment providers.3 For that, we rely on effect size or
number needed to treat (NNT). The authors in this study
calculated the effect size of the treatment and found a Cohen
d therapeutic effect size of 0.28 in favor of modafinil 150
mg. This is, at best, a modest effect size, one that would
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generally be considered small. In spite of this, an effect size
of 0.28 would be of clinical significance because of the lack
of effective treatments for the problem at question, bipolar
depression—if the results of the study could be trusted. Effect
sizes and NNT are agnostic as to statistical significance, so,
even if the calculated effect size were quite large, it would
not be possible to know if that effect was merely due to
chance without knowing whether the study itself was reliable
enough to answer the question—and it is not clear that this
study is reliable enough to answer the question. The small
effect size coupled with 2 negative trials makes it difficult to
accept that the statistical significance of this study alone is
enough to have confidence in the results, especially if one
ascribes to a Bayesian rather than a Frequentist approach to
statistics in clinical trials.7 The failure to replicate suggests
that the reported effect size of this positive trial may be
overestimated and that the actual effect size is even smaller
than 0.28.
So where does this leave us? We have an ostensibly positive
clinical trial of modafinil for major depressive episodes in
bipolar disorder, one with a relatively small effect size but of a
relatively safe drug in a therapeutic area in desperate need of
additional treatments. On its own, perhaps, the study could
be cause for optimism that another treatment for bipolar
depression has been found, even if the benefit that was found
came unexpectedly late in the course of the study of a drug
expected to have rapid onset of effect. Realistically, however,
this is a finding that was not replicated in 2 additional trials,
and replication is the standard by which we should most
rigorously judge our treatments. One can reply that studies
are difficult to do (they are), that many methodological
factors make it difficult for efficacy trials to find an effect
(which is true), that the inclusion of maintenance treatments
in this study blunted the effect of a likely effective treatment
(impossible to know and, in any case, representative of how
it would likely be deployed clinically), and that therefore
a positive trial should be accepted as evidence of benefit.
I’m not so sure. There are times when we have to accept
that our hopes for a drug do not hold up to scientific
scrutiny, and, for this drug, this is perhaps one of those

times, especially when considering that we are exposing
our patients to at least some risk if we prescribe it to them.
Many people already use armodafinil and modafinil offlabel for depression and consider it safe and effective as
an additional tool in the mood disorders toolbox, so this
opinion may not be widely shared. Yet, it is essential that we
not insist that a benefit exists because it is too disappointing
not to accept it. We must continue to pursue research in new
treatments (whatever the financial and professional risks), to
remember that psychosocial interventions (such as exercise,
psychotherapy, family treatment, and addiction treatment)
must be considered an essential part of psychiatric treatment
and be integrated into care, and to always remain present for
our patients and their suffering, even when the options for
pharmacologic treatment remain few.
Drug names: armodafinil (Nuvigil and others), fluoxetine (Prozac and
others), lamotrigine (Lamictal and others), lurasidone (Latuda), modafinil
(Provigil and others), olanzapine (Zyprexa and others), quetiapine (Seroquel
and others).
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