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Study Design in Bipolar I Disorder

uring the last 25 years, there has been one placebo-
controlled maintenance study conducted about bi-
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D
polar I disorder.1 A critical review of other bipolar mainte-
nance studies conducted during this period indicates that
study methodologies have evolved substantially; methods
employed have differed depending upon the decade in
which the study was designed and whether the results
were intended for use for submission to a regulatory
agency. For those pivotal data sets intended for submis-
sion to a regulatory agency, country-specific requirements
have also had a impact on study design.2–9

Over the last 10 years, efforts to develop new drugs for
bipolar disorder have primarily focused on bipolar type I
presentations of the illness. These studies have used
double-blind placebo-controlled trials to demonstrate the
antimanic efficacy of agents in hospitalized patients expe-
riencing the manic phase of the disorder. Once an initial
acute mania study has been replicated, maintenance stud-
ies designed to evaluate the ability of a putative mood sta-
bilizer to prevent relapse and recurrence usually follow.
Most recent studies have randomly assigned subjects to
parallel groups and have typically performed not only re-

sponder analyses (percentage of patients completing trial
who experience 50% improvement), but also survival
analyses. The survival analyses are normally carried out
on intent-to-treat samples (i.e., on all patients who begin
treatment regardless of whether or not they complete the
trial). More recent studies have been designed to investi-
gate the acute and prophylactic efficacy of putative mood
stabilizers in the various phases (depressed, mixed, hypo-
manic, manic) and subtypes of the disorder (bipolar I, bi-
polar II, rapid cycling, and comorbid with substance
abuse). Separate studies either are ongoing or have been
conducted in each of these various patient populations.

STUDY ENROLLMENT

The first generation of bipolar disorder maintenance
studies tended to enroll patients with “classic” (euphoric)
forms of manic depression. It is likely that the evolving
nature of our psychiatric nomenclature has had an impact
on the design and method of maintenance studies, and par-
ticularly on enrollment practices. The Research Diagnos-
tic Criteria (RDC),10 the second version of the Diagnostic
and Statistical Manual of Mental Disorders11 published by
the American Psychiatric Association, and the clinical
standards most commonly employed at different times
placed importance on the role of hospitalization in con-
firming the diagnosis of mania. The removal of this re-
quirement from the DSM-III in 1980 probably resulted in
the inclusion of less impaired patients in more recent
maintenance studies of bipolar disorder.12 In the RDC, pa-
tients with mood-incongruent psychotic symptoms were
included in the category of the “mainly affective variant of
schizoaffective disorder,” not bipolar disorder. As a result,
patients with mania enrolled in early bipolar maintenance
studies tended to have a disproportionate representation of
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classic euphoric mania. If they were psychotic, the content
of their hallucinations and delusions was mood-congruent.
This patient subtype is now recognized as being one of the
more lithium-responsive variants of the disorder.13

Recently, lithium response rates in open naturalistic
studies have been noted to decrease markedly from those
rates reported in the early placebo-controlled maintenance
studies.14 The early maintenance studies reported mean re-
lapse rates of 23% for mania and 21% for depression.15

These rates are inconsistent with recently published natu-
ralistic data, which reveal mean overall lithium relapse
rates of 77% over 5 years of prospective follow-up.14 It is
likely that these deteriorating lithium response rates are
due (at least in part) to the changing study patient popula-
tions. Again, this change may be secondary to the changes
in the evolving nomenclature, which now includes atypi-
cal variants such as abnormal mood states with incongru-
ent psychotic symptoms, mixed or dysphoric mania, rapid
cycling, and presentations that are comorbid with alcohol/
drug abuse.

Enrollment in the early maintenance studies may have
selected preferentially for the more lithium-responsive bi-
polar patient. Changes in the most recent version of the
DSM have included all of the above atypical variants of
bipolar disorder,16 and less is known about these variants
of illness since they have not been extensively studied. In
particular, the degree of subtype response to placebo is un-
clear. New studies should include these atypical subtypes
because of their prevalence. When considered as a group,
these atypical variants of bipolar disorder are more preva-
lent than the classic forms of the illness. New studies
should include these more common patterns of presenta-
tion to improve generalizability to the practice of routine
clinical care.

It is now recognized, moreover, that patients with less
severe illnesses are less suitable for clinical treatment tri-
als. Including these patients decreases the power of studies
by decreasing the amount of potential difference between
results from the active compound and results from the pla-
cebo.1,17,18 This issue was less relevant to first-generation
maintenance studies because the selection bias at the time
favored enrollment of more severely ill patients. Early
studies were more likely to enroll patients with more se-
vere forms of classic manic depression because fewer ef-
fective treatments were available. More recently, patients
with severe illness have been difficult to enroll because
the number of effective treatment alternatives has in-
creased. Some investigators also consider the enrollment
of the severely ill in outpatient studies to be unethical.

Patients with severe illness are now usually taking 3 to
5 different medications19 and are less interested or less
able to enroll in rigidly designed studies employing com-
plete drug washouts followed by monotherapy treatment
arms or the use of placebo. In addition, health care reform
has led to a decrease in the utilization of hospitalization

for patients with bipolar disorder. As a result, investigators
have become reluctant or unable to enroll more seriously
ill patients in bipolar disorder maintenance studies, which
has resulted in a selection bias toward a less ill and there-
fore less representative study population.

The primary advantage associated with entry criteria
that facilitate the enrollment of more severely ill patients
is that the power of the study to detect clinically and statis-
tically significant differences between the putative mood
stabilizer and placebo improves markedly. The disadvan-
tages associated with the enrollment of more severely ill
subjects are that dropouts due to poor compliance, adverse
events, lack of efficacy, withdrawn consent, and protocol
violations all increase. Accordingly, randomization rates
into the blinded phase of maintenance studies that include
the broader range of patients are lower, ranging from 33%
to 66%. Survival analyses and intent-to-treat analyses that
carry last observations forward, however, make valuable
use of the study endpoints so that the data are not wasted.

Twenty-five years ago, bipolar disorder maintenance
research tended to evaluate smaller cohorts of study sub-
jects, ranging from 5 to 40 patients per study arm.2–9 The
one notable exception to the above is the study conducted
by Prien and colleagues,8,9 which enrolled 101 patients
who took lithium and 104 who took a placebo. In general,
the mean enrollment size of the lithium arms in these ear-
lier studies was 31 (range, 7–101) and of the placebo arms,
28 (range, 8–104). More recently, issues associated with a
drug’s remaining patent life and time to marketplace have
become compelling reasons for industry-sponsored drug
development efforts, which have led to large-scale multi-
center studies with as many as 50 to 60 sites. These studies
generate data more quickly, but interrater reliability is sub-
stantially more difficult to monitor. Remaining patent life
and time-to-marketplace issues are particular concerns for
antiepileptic drugs under development for bipolar disor-
der, because many years of the patent lives of these drugs
have already been used during the development of com-
pounds for use in the treatment of epilepsy. On the other
hand, drug development is often streamlined when basic
phase I (pharmacokinetic) studies have already been com-
pleted.

RANDOMIZATION SCHEMES

The first-generation bipolar I disorder placebo-con-
trolled maintenance research studies were conducted be-
tween 1960 and 1970 and published between 1970 and
1976. These pioneering studies most commonly employed
double-blind crossover designs in which enriched samples
of lithium responders were crossed over to placebo (dis-
continuation designs). A positive response to lithium was
either determined retrospectively through open unblinded
assessments or prospectively through blinded assess-
ments. With one exception,8,9 these early studies usually
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did not standardize the index episode (the polarity of the
episode that brought the patient into the study) in order to
enroll patients either as manic or depressed.

Crossover Study Design
In a typical crossover study, each patient’s response un-

der treatment A is compared with his or her response under
treatment B so that the influence of unique patient charac-
teristics that determine the degree of response can be sub-
tracted out of the treatment comparison. This procedure
does not remove biological variation within an individual,
but if these variations are small, a crossover design can
provide the same statistical accuracy as a larger parallel
study, but with a smaller sample of patients. In general,
crossover designs are most appropriate in the study of the
treatment of a stable disease process.20

Potential factors that can alter clinical outcome when
crossover designs are employed include 2 types of order
effects. Carryover effects occur when the therapeutic ef-
fects of the first treatment persist during the administration
of the second, and period effects occur when the disease
increases or decreases in severity during the period of in-
vestigation. These order effects can complicate data inter-
pretation and weaken the scientific merit of the design.

Other factors that can influence the crossover design
include treatment sequencing and patient assignment. If
all patients receive treatment according to the same fixed
sequence (i.e., A followed by B), comparisons must be
based on evidence to suggest that the effects of the second
treatment (B) after the first (A) do not differ from the ef-
fects B would have if it were given first. Recent data sug-
gest this may not be the case for bipolar disorder when
lithium is used for treatment. These data have suggested
that the withdrawal of lithium, and in particular its rapid
withdrawal, significantly increases the risk of early recur-
rence to a rate that exceeds that predicted by the natural
course of the untreated illness.21–23 Therefore, it is possible
that previously used crossover designs artificially de-
creased placebo response rates through lithium discon-
tinuation-induced relapse.

Premature drug discontinuations have also been ob-
served to have special relevance when they occur during
crossover studies. Although premature study drug discon-
tinuations are a serious problem for any drug trial, the im-
pact of premature dropouts in a crossover study is exag-
gerated because each remaining patient then contributes a
larger proportion of the study data. Dropout rates can be
high in crossover studies since each patient must receive
at least 2 treatments to provide complete data. In studies
of illnesses such as bipolar disorder, where the prevalence
of poor compliance is substantial, a high dropout rate
weakens a crossover study. The initial sample size should
be sufficiently large to compensate for this effect. Studies
designed to have short experimental periods to evaluate
acute changes in clinical status are best suited for cross-

over designs. The experimental medications under study
should not be accompanied by carryover treatment effects,
and the illness under study should exhibit a stable non-
periodic disease process. Ideally, treatments used should
have few side effects severe enough to result in drug dis-
continuation.

Parallel Study Design
Studies that employ a parallel design are less dependent

on assumptions about the disease process and frequently
produce a lower dropout rate because each patient is ex-
posed to only 1 treatment. One of the first-generation stud-
ies used prospective random assignment to parallel groups
receiving lithium or placebo.4 Although double-blind
study medication was continued throughout the entire
drug trial, the psychiatrist in charge of the case could also
prescribe treatment other than lithium as deemed clini-
cally appropriate. The psychiatrist in charge remained
blinded and assessed improvement, while another psy-
chiatrist blindly monitored lithium levels and adjusted
doses as necessary per protocol. This particular study de-
sign most resembles those employed by second-genera-
tion research. Second-generation studies, however, have
typically used open stabilization periods rather than im-
mediately proceeding with randomization to the putative
mood stabilizer and placebo.

Most recently, a study randomly assigned subjects to
parallel groups following open stabilization with medica-
tions chosen completely at the discretion of the investiga-
tor.1 Given this development, the field appears to have
cycled from an extreme of randomizing a homogeneous
cohort of lithium monotherapy responders to the other
extreme of allowing any medications for use during the
open stabilization phase of the trial. As a result of this
more recent study design, the study patients may become
unmanageably heterogeneous. An alternative to this
method might be limiting the use of psychotropic medica-
tions during the open stabilization period of the mainte-
nance study to only the putative mood stabilizer and lithi-
um (if lithium is being used to gauge study reliability)
during the blinded phase.

Another recent series of ongoing studies has employed
“enriched” designs in which responders to a putative
mood stabilizer in monotherapy are again randomly as-
signed to continue treatment with the new drug, placebo,
or lithium in parallel. This design is considered to be en-
riched because it randomizes a homogeneous cohort of pa-
tients that have responded to a defined regimen of medica-
tion. This method benefits from the advantages associated
with enriched designs while discarding the crossover
methodology in favor of a design considered by some
regulatory agencies to be more suitable for disorders ac-
companied by frequent periodic relapse.

Unless enrollment procedures standardize for the pat-
tern of the index episode (cycling from mania into depres-
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sion, and then euthymia versus depression into mania and
then euthymia) at the time of study entry, crossover de-
signs will carry the risk of altering outcome as an artifact
of spontaneous cycling. A patient who presents toward the
end of an episode of mania could conceivably have a spon-
taneous remission falsely attributed to a study medication,
and have a relapse falsely attributed to placebo or to the
next study medication.

Neither design (crossover nor parallel), however, ad-
dresses the issue of discontinuation-induced relapses. If a
patient is stabilized on one medication during the open sta-
bilization phase of a maintenance study and that medica-
tion is abruptly discontinued following randomization, as
is the case with both crossover and enriched parallel de-
signs, patients who are randomly assigned to a placebo
group can experience an iatrogenic-increased risk of re-
lapse. This problem can be managed effectively by slow-
ing the taper and starting the time-to-relapse survival
analysis when blinding and the wean to study medication
begin. The latter is required because a significant number
of patients, especially patients with rapid cycling, will re-
lapse quickly and will therefore be unavailable to the sur-
vival analyses if the analyses do not begin until the wean is
complete.22

OUTCOME MEASURES

Most early lithium prophylaxis studies were designed
to compare the efficacy of lithium with that of a placebo
by general indices of outcome during the study period,4

the number of manic and depressive episodes,7,24 or the
probability of manic or depressive episodes.8,25–27 These
early studies did not rate symptom severity with mood-
specific rating scales such as the Hamilton Rating Scale
for Depression28 or the Young Mania Rating Scale.29

Symptom severity is now routinely quantified with de-
pression and mania rating scales, which then are used as
secondary outcome measures.

Depression symptom severity rating scales were origi-
nally standardized using patients with unipolar depression
only. They were typically designed to make cross-sec-
tional assessments that evaluate a patient’s symptoms of
depression during the 7-day period prior to the completion
of the instrument. In so doing, they run the risk of missing
cycle activity previously experienced by the patient. Vari-
ous measures of prospective daily-life charting might be a
more suitable method to count episodes or to attempt to
quantify the cumulative duration of (euthymic) periods.30

Over the last 10 to 15 years, the criteria used to define
the time to relapse and recurrence into an episode have
been more strictly defined. Thinking of the time to relapse
as a rigidly defined episode, however, may pose new prob-
lems since specificity is sometimes achieved at the ex-
pense of sensitivity. For example, relapse into mania re-
quiring hospitalization, which was the most common

outcome measure in first-generation research, might be
too rigid. This measure might not be sensitive enough to
uncover lesser degrees of difference between (less potent)
active compounds and a placebo. The time from the begin-
ning of randomization to the first prescription needed of a
psychotropic medication might be a more sensitive indica-
tor of clinical efficacy (as employed by Coppen and col-
leagues4). Many studies now require a minimum rating
score on a symptom severity scale for a randomized sub-
ject to reach study endpoint. This method, though, can
miss other indications of medication inferiority such as pa-
tient satisfaction, quality of life, tolerability, convenience,
and so on.

STATISTICAL ANALYSES

The first generation of bipolar disorder maintenance
studies used responder analyses on observed data or com-
pleter data with little or no distinction between primary
and secondary outcome measures. For example, rather
than arbitrarily relying on only 1 primary outcome mea-
sure as the primary determinant of efficacy, Coppen4 re-
lied on several measures, including a 7-point global rating
scale, percentage of time spent as an inpatient, percentage
of time spent as an outpatient, other treatments prescribed
during the trial, and premature study discontinuations.

Early analyses usually addressed the proportion of pa-
tients who experienced a relapse or recurrence. However,
those analyses are difficult to generalize in maintenance
trials because they do not consider the length of time that a
patient remained well before relapsing. A relapse at 1
month and one at 12 months of a 1-year trial would incor-
rectly reflect similar degrees of efficacy. Another liability
associated with this analytical procedure is that patients
withdrawing prematurely without experiencing a relapse
are either ignored or analyzed incorrectly. For example, in
a study using relapse into mania as its primary outcome
measure, important clinical data such as relapses into hy-
pomania or depression, premature discontinuations from
the study due to intolerable side effects, or dropouts due to
poor compliance would not be incorporated into the pri-
mary analysis.

A statistical method known as a survival analysis com-
monly employed in cancer trials uses as its measure of out-
come the time to relapse or recurrence (as defined in the
protocol). One of the more commonly used survival analy-
ses is called the product-limit method. This method ex-
tends the idea underlying a life-table analysis. The life-
table procedure calculates the probabilities of remaining
well during a study period and the median time in remis-
sion for each treatment. It was developed by Kaplan and
Meier.31 In the traditional life-table analysis, relapses are
grouped into intervals of time. When the actual times to
relapse are available, the life-table method wastes data
such as the cumulative time spent well. The product-limit
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method makes use of the exact time to relapse to compute
cumulative probabilities of remaining well. Patients drop-
ping out of the study before its completion for reasons
other than a relapse or recurrence are also analyzed until
the time of dropout and then are withdrawn or censored
from the analysis.

A striking example of the importance of this statistical
method comes from the Shapiro reanalysis32 of the Na-
tional Institute of Mental Health (NIMH) Collaborative
Study bipolar patient study.33 In the NIMH study, respond-
er analyses were carried out on patients randomized to
lithium, imipramine, or the combination of both. Using
the original responder analysis for patients presenting with
an index episode of depression, no differences were ob-
served between lithium, imipramine, or the combination
(li = imi = li/imi). The final outcome changed with the re-
analysis, which employed survival techniques. In patients
with depressive index episodes, the combination of
lithium plus imipramine was significantly superior to im-
ipramine alone or lithium alone (li/imi > imi = li). This
finding differs from the original analysis, which found the
combination to be no different from the other 2 mono-
therapies. Survival analyses are now viewed as powerful
techniques that are capable of detecting effects not other-
wise observed with other analytical methods.

Over the last 10 years, survival analyses have become
the standard in analyzing bipolar maintenance data. How-
ever, these analysis methods were not employed during
the first generation of bipolar disorder maintenance stud-
ies. Survival analyses usually require the prospective se-
lection of a primary outcome measure. It is now well-rec-
ognized that there are many ways of defining outcome.
Patients define outcome by emphasizing convenience and
safety. Managed care companies define outcome by em-
phasizing direct and indirect costs. Investigators and phar-
maceutical companies wish to define outcome based on
measures most likely to separate differences in efficacy
from the active compound and placebo. Power calcula-
tions conducted for single primary outcomes result in
studies that are only powered to detect differences in the
primary outcome when many other measures of clinical
improvement are valuable and relevant.

Recent methods have erroneously placed crucial im-
portance on the distinction between primary and second-
ary outcome measures at a time when health care reform
is moving toward the interpretation of data from many
perspectives. These different perspectives would include
morbidity, efficacy, mortality, safety and tolerability, con-
venience, and direct and indirect costs. Using alternative
perspectives minimizes the likelihood of study failure,
and will likely become more important as health care be-
comes increasingly managed by government agencies and
insurance/managed care companies.

Placebo response rates in bipolar disorder vary sub-
stantially with the specific population of patients studied,

the definition of the primary outcome measure, and the
environment in which the patients are studied. For ex-
ample, the placebo response rate in a cohort of lithium-
nonresponsive, acutely manic hospitalized patients has
been reported to be as low as 10.5%.34 In contrast, placebo
response rates for patients similar in every respect, except
for being unselected for prior treatment, result in markedly
higher  rates of 21%,35  24%,36 and 45%37; all of these stud-
ies have defined response as a 50% reduction in the base-
line mania rating. The highest of these placebo response
rates occurred in a double-blind augmentation study in
which Müller-Oerlinghausen and colleagues37 found the
addition of valproate to haloperidol and/or perazine to be
superior to placebo.

The mean overall placebo response rate in the early
maintenance studies of patients with bipolar I disorder was
low—only 21%.38 However, this low placebo response
rate was based on responder analyses carried out on ob-
served or completer data rather than survival analyses per-
formed on last observations carried forward on the intent-
to-treat sample of study patients. Recently, Bowden and
colleagues1 noted an apparently high placebo response
rate of 62% in a maintenance study of patients with bipolar
I disorder, but this study performed survival analyses  on
the intent-to-treat sample (patients who received at least
one dose of study medication). This survival analysis was
further weakened by the use of the traditional life-table
method rather than the product-limit method, which was
required because study visits were carried out at fixed in-
tervals. Daily self-assessments could have been obtained
through the use of the prospective daily life-charting
method had it been employed.30 When actual times to an
event are available, the product-limit method saves data
and improves the power of a survival analysis. This is par-
ticularly relevant to the second half of a maintenance
study when less frequent assessments are fixed at only
monthly intervals.

When a responder analysis is carried out on an intent-
to-treat sample, the percentage of patients responding to
placebo is artificially inflated by premature study termina-
tions, and in particular, those dropouts occurring from
withdrawn consents, protocol violations, and so on. As
these early dropouts tend to disproportionately occur in
those patients on placebo, fewer patients on placebo are
left to be at risk for relapse, decreasing the power of a
study and representing a disadvantage associated with sur-
vival  analyses that employ time to relapse or recurrence
as the primary outcome measure. For example, of the 94
patients assigned to placebo in the Bowden study,1 70
(75%) dropped out prematurely: 21 (22%) due to relapse
into mania requiring hospitalization or a mania rating
score of 16, 15 (16%) due to depression, 11 (12%) due to
intolerance/poor compliance, and 23 (25%) because of
other reasons (including protocol violations, withdrawn
consents, losses to follow-up, and intercurrent illness).
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Only 38% relapsed into episodes of mania or depression
meeting strict criteria, which leaves the false impression
that 62% overall responded to placebo.

A more meaningful analysis might employ time to any
premature termination or time to any clinically necessary
treatment for an emerging episode rather than time to re-
lapse. Time to the initiation of a new medication was suc-
cessfully employed in one early bipolar maintenance
study.4 Utilizing time to treatment as the event, rather than
time to relapse into a full episode of mania requiring hos-
pitalization, also has the advantage of more closely adher-
ing to current recommendations, as early intervention for
subsyndromal relapse has become the standard of clinical
practice in the treatment of bipolar disorder, and especially
so for relapses into hypomania.39

COMMERCIAL ISSUES

Until Ballenger and Post40 and Okuma and colleagues41

performed the first controlled trials of anticonvulsants as
treatments for bipolar disorder, it was not widely recog-
nized that antiepileptic drugs possessed mood-stabilizing
properties. Since then, the pharmaceutical industry has
gradually developed an appreciation for the magnitude of
the unmet need in bipolar disorder treatment and the po-
tential commercial opportunity provided by that need. The
pharmaceutical industry’s pipeline of antiepileptic drugs is
extensive, and more companies are realizing that all
antiepileptic drugs should be considered to be putative
mood stabilizers and developed as such. At the same time,
the drugs’ efficacy in the treatment of epilepsy is explored;
this strategy has resulted in some economies of scale in
drug development between epileptology and the psycho-
pharmacology of mood stabilizers.

Although most of the development of mood stabilizers
has focused on the class of antiepileptic drugs, there have
also been substantial resources invested in the develop-
ment of atypical antipsychotic medications and on selec-
tive serotonin reuptake inhibitors. Despite recent interest
in the pharmacotherapy of bipolar disorder, it is widely
recognized that the ideal mood stabilizer does not exist.
Such an agent would be effective in each phase of the ill-
ness and be used as monotherapy.

The ideal mood stabilizer would be

1. effective as monotherapy for the acute treatment of
depression and for the prevention of relapse and
recurrence,

2. effective as monotherapy for the acute treatment of
mixed states and for the prevention of relapse and
recurrence,

3. effective as monotherapy for the acute treatment of
mania and hypomania and for the prevention of re-
lapse and recurrence,

4. acceptable and convenient as monotherapy for the

consumer with enhanced overall patient satisfac-
tion and quality of life, and

5. successful in reducing both psychiatric resource
utilization and general medical utilization as re-
flected by decreased frequency of office visits with
the family physician.

The pharmacologic properties of such a compound
would result in

1. acute onset of effect within hours,
2. low rates of drug discontinuation secondary to side

effects,
3. no side effects requiring additional treatment, and
4. safety in overdose.

Considering our current pharmacologic armamen-
tarium and the above expectations, it is evident that much
opportunity exists to reduce the pain and suffering associ-
ated with bipolar disorder.

Another unique commercial issue that affects drug de-
velopment in bipolar disorder is the extent to which the
pharmaceutical industry has been able to rely on expert
psychiatric consultation from the community of bipolar
investigators. The availability of psychiatric consultation
has been particularly relevant to the development of
antiepileptics for use in the treatment of bipolar disorder
since nonpsychiatrists have typically been employed by
the pharmaceutical industry to develop these compounds
for use in treating epilepsy. In the past, there was insuffi-
cient agreement among panels of expert psychiatric con-
sultants on issues relevant to study design, and as a result,
advisory panels had difficulty forming a consensus of
opinion, which tended to diminish the value associated
with the use of expert consultants. More recently, the de-
gree to which a pharmaceutical company engages in dis-
cussions with expert consultants appears to have a more
clearly beneficial effect on the overall process of drug de-
velopment in bipolar disorder.

REGULATORY ISSUES

When examining the various requirements imposed by
regulatory agencies around the world, it is clear that sig-
nificant differences in requirements and preferred method-
ology exist. Although all regulatory agencies require a
thorough exploration of basic pharmacokinetics, safety,
and efficacy, the extent to which various agencies require
concurrent pivotal data (intended for submission to the
Food and Drug Administration [FDA]) for acute and pro-
phylactic treatment as well as for both manic and depres-
sive phases of the illness varies substantially. Recent expe-
rience with the U.S. FDA would suggest that 3 factors are
required for acute indications in the United States: phar-
macokinetic information, 2 acute pivotal data sets, and
safety in both acute and longitudinal settings. European
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regulatory agencies require maintenance efficacy data and
quite possibly continuation phase/intermediate duration
(12 weeks) data as well, in addition to all of the informa-
tion required by the U.S. FDA.

Because most of the recently studied putative mood
stabilizers were first developed as antiepileptic drugs, it is
interesting to contrast and compare the methods by which
the same drug is developed for the 2 different types of
illnesses. When undergoing development for use in the
treatment of epilepsy, most drugs initially have their effi-
cacy evaluated through double-blind, placebo-controlled,
add-on/augmentation trials. Not infrequently, putative an-
tiepileptic drugs are blindly added to regimens of 2 or 3
other concomitantly prescribed antiepileptic drugs that
have resulted in unsatisfactory partial responses. The ap-
parent rationale behind this practice is that epilepsy is a
life-threatening illness with a low placebo response rate
(15%–20%) and that it would be unwise and unsafe to stop
currently prescribed medication in order to proceed with a
placebo-controlled monotherapy drug trial. In contrast,
placebo response rates in bipolar disorder vary substan-
tially. The markedly higher placebo response rates in pa-
tients with bipolar disorder as compared with those among
patients with epilepsy explains why placebo-controlled
add-on maintenance trials have not been previously con-
ducted in bipolar disorder.

CONCLUSION

A critical evaluation of the various methods employed
in bipolar disorder maintenance methodology over the last
30 to 40 years leads to the conclusion that each of the vari-
ous designs has its own strengths and weaknesses. The pri-
mary methodological advantage associated with early
maintenance study designs was their randomization of en-
riched patient populations that had already demonstrated
an acute response to lithium; only responders to lithium
were crossed over to placebo, or less commonly, random-
ized to continued treatment with lithium versus placebo.
These enriched designs were advantageous because they
increased the homogeneity of the study population and
limited randomization to responders to the putative mood
stabilizer. Limiting randomization to responders decreases
the observed variability in the randomized patient popula-
tion. The enriched design, however, is based on the as-
sumption that there will be a sufficient number of mono-
therapy responders to the putative mood stabilizer to
randomize; if not, the study is unable to go forward.

In general, the use of enriched designs appears to di-
minish the risk of study failure. Enriched study designs al-
low for a correlation of prophylactic and acute efficacy
within the same patient, although the extent to which acute
efficacy predicts long-term prophylactic efficacy is still
unclear. These early crossover discontinuation designs
were also advantageous because they were capable of gen-

erating controlled information about new compounds
quickly, in contrast to designs employing random assign-
ment to parallel groups, which typically require longer pe-
riods of time to complete. The primary methodological
disadvantage associated with the use of crossover designs
in the early maintenance studies appears to have been the
risk of false positives. These designs appear more appro-
priate for use in psychiatric illnesses accompanied by
chronic, persistent, nonperiodic disease courses such as
schizophrenia, obsessive-compulsive disorder, general-
ized anxiety, and so on. The risk of false positives was par-
ticularly inherent in studies that employed relatively short
experimental periods. For example, some of the early
maintenance studies employed blinded study crossover
periods lasting no more than 542 or 65,6 months.

The primary disadvantage associated with maintenance
study designs employing random assignment to parallel
groups is that they are more likely to be disturbed by spon-
taneous remissions or erratic, short-lived fluctuations in
mood states. The duration of the maintenance study phases
in random prospective designs is usually substantially
longer and needs to increase in proportion to the slowness
of cycling and recurrence rates in the study population.
Longer studies allow for more accurate assessment of the
impact of the putative mood stabilizer on disease course
by including such secondary outcome measures as direct
medical costs, quality of life, convenience, and compli-
ance, but they are usually substantially more expensive.
Symptom severity rating scales were not typically em-
ployed in early maintenance studies, but are now routinely
included in study designs in order to establish the mini-
mum severity of the index episode. These scales can also
be used in secondary analyses. These instruments are ad-
vantageous because they can detect minor changes in ill-
ness severity, but are limited because their cross-sectional
assessment is normally limited to the 7-day period preced-
ing the completion of the instrument.

The study designs employed in both early and more re-
cent maintenance studies are burdened by the liabilities
associated with discontinuation-induced relapses. In both
designs, patients are not randomized at the time of study
entry. Instead, both designs randomize enriched samples
of study patients that are eventually crossed over to place-
bo. As a result, there is a risk that discontinuation-induced
relapses will skew study results. This problem can in part
be managed by implementing a slow wean of the
medication(s) used during the open stabilization phase of
the study, then beginning the survival calculation at the
beginning of the wean so that the data from early relapses
are not wasted.

Time to treatment with an alternative psychotropic
medication for a mood episode is probably the oldest,
most commonly used, and most sensitive indicator of
clinical outcome. More recent maintenance studies are re-
turning to the use of this outcome measure. However, this
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indicator is burdened by a risk that different investigators
in different countries might have disparate thresholds for
therapeutic intervention.

A more recent problem has emerged over the last dec-
ade as a result of the growing number of putative mood
stabilizers available for clinical use in bipolar disorder. It
has become increasingly difficult to enroll the more se-
verely ill bipolar patient in controlled maintenance stud-
ies. This change in enrollment patterns has become a ma-
jor impediment to the successful completion of any
maintenance study. The enrollment of a less severely ill
patient population makes it more difficult to detect differ-
ences between putative mood stabilizers and placebo,
since placebo response rates in these less impaired patients
are higher.1,17,18 Use of randomized add-on designs such as
those employed in recent trials for new drug approvals in
epilepsy would help mitigate this problem.

In face of the risks associated with long-term mainte-
nance studies, it has become increasingly clear that major
mood disorders should be viewed longitudinally rather
than solely in terms of the acute episode. Achieving ad-
equate methodological rigor without sacrificing the
study’s overall feasibility has become an important scien-
tific focus. There is no perfect design for the evaluation of
the prophylactic efficacy of a putative mood stabilizer. In
order to help break the virtual absence of NIMH-funded
long-term studies in bipolar disorder, there will be a need
for increased flexibility and compromise.
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DISCLOSURE OF OFF-LABEL USAGE

The authors of this article have determined that, to the
best of their clinical estimation, no investigational or off-
label information about pharmaceutical agents has been
presented that is outside Food and Drug Administration–
approved labeling.
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