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Trial Design and Analysis: Six Decades in the Making

Andrew C. Leon, PhD

Objective: The evolution of trial design and
analysis during the lifespan of psychopharmacology
is examined.

Background: The clinical trial methodology used to
evaluate psychopharmacologic agents has evolved con-
siderably over the past 6 decades. The first and most
productive decade was characterized by case series,
each with a small number of patients. These trials used
nonstandardized clinical observation as outcomes and
seldom had a comparison group. The crossover design
became widely used to examine acute psychiatric treat-
ments in the 1950s and 1960s. Although this strategy
provided comparison data, it introduced problems in
study implementation and interpretation. In 1962, the
US Food and Drug Administration began to require
“substantial evidence of effectiveness from adequate
and well-controlled studies.” Subsequent decades saw
remarkable advances in clinical trial design, assess-
ment, and statistical analyses. Standardized instruments
were developed and parallel groups, double-blinding,
and placebo controls became the benchmark. Sample
sizes increased and data analytic procedures were
developed that could accommodate the problems of
attrition. Randomized withdrawal designs were intro-
duced in the 1970s to examine maintenance therapies.
Ethical principles for research became codified in the
United States at that time. A wave of regulatory ap-
provals of novel antipsychotics, antidepressants, and
anticonvulsants came in the 1980s and 1990s, each
based on data from randomized double-blind, parallel-
group, placebo-controlled clinical trials. These trial
designs often involved fixed-dose comparisons based,
in part, on a greater appreciation that much of the ben-
efit and harm in psychopharmacology was dose related.

Conclusions: Despite the progress in randomized
controlled trial (RCT) design, the discovery of new
mechanisms of action and blockbuster interventions
has slowed during the past decade.
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The development of psychopharmacologic agents over
the past 6 decades has been characterized by a paradox-
ical relationship between medication discovery and clinical
trial methodology. The methodology during the most pro-
ductive decade, 1949-1958, was primitive. Since then, there
have been tremendous advances in clinical trial design,
assessment, and statistical analyses. Yet, despite numerous
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innovations in methodology, the discovery of new mecha-
nisms of action and blockbuster interventions seems to have
slowed—especially during the past decade. In an effort to
understand this phenomenon, the evolution of trial design
and analysis during the lifespan of psychopharmacology is
examined here.

Initially, the historical context is considered by describ-
ing the development of regulatory policy and the early use
of clinical trials in medicine. The initial psychopharmacol-
ogy trials are then reviewed, focusing not on the results, but
instead on methodology. Developments over the decades are
then examined, culminating with a discussion of the more
recent advances in design and analysis. This is not meant
to be a comprehensive review of clinical trials in psycho-
pharmacology, but instead a survey of trials that exemplify
methodology and its progression over time.

MILESTONES IN US DRUG REGULATION

The US Congress passed the Pure Food and Drugs Act
in 1906 to prohibit interstate commerce of misbranded and
adulterated foods, drinks, and drugs.' The act, motivated
in part by problems in the meat packing industry, did not
prohibit false therapeutic claims; instead, it focused on
ingredients and expanded the authority of the Bureau of
Chemistry of the US Department of Agriculture, which was
the forerunner of the US Food and Drug Administration
(FDA).

There are times that misfortune drives regulatory prog-
ress. In 1937, for example, the S. E. Massengill Company
of Bristol, Tennessee, prepared a new elixir formulation of
sulfanilamide in an effort to provide a palatable alternative
to the pill preparation. Tragically, the product contained the
solvent diethylene glycol, which killed 107 people, mostly
children.! This prompted Congress to pass the Federal Food,
Drug, and Cosmetic Act in 1938, which required that a man-
ufacturer show that a drug is safe.!

In the early 1960s, the sedative and antiemetic thalidomide,
which was marketed in Europe, was shown to cause severe
birth defects. Frances Kelsey, MD, PhD, a pharmacologist
and an FDA medical officer, led efforts to keep thalidomide
from the US market. Largely through her efforts the public
demanded stronger regulation of drugs. In 1962, Congress
passed the Kefauver-Harris Amendments to Federal Food,
Drug, and Cosmetic Act, which required that a manufacturer
provide substantial evidence of effectiveness from adequate
and well-controlled studies.? In addition, it strengthened drug
safety efforts and, most importantly, required that the FDA
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approve a drug prior to its marketing.! The profound effect
of this amendment on psychopharmacology clinical trial
methodology will become apparent below.

Experimental Therapeutics

The first randomized controlled clinical trial (RCT) in
medicine examined streptomycin for pulmonary tubercu-
losis and was published in 1948.3 It applied the randomized
study design from agriculture to medical research. It was
a randomized controlled, double-blinded clinical trial with
107 participants who were randomly assigned to bed rest
either alone or with streptomycin. The 6-month mortality
rates were reduced nearly 75%: 27% (bed rest alone) versus
7% (bed rest and medication). Undoubtedly, the difference
would have been even much greater had 12- or 24-month
mortality been examined.

Initial Psychopharmacology Trials

The initial trials in psychopharmacology involved case
series, each with a small number of patients. Cade reported
the antimanic properties of lithium based on a series of 10
cases in Australia in 1949.* In 1952, the initial psychiatric
study of chlorpromazine, which was previously used for nau-
sea in surgical patients, involved 20 patients with psychosis
and reported symptomatic improvement.®> Chlorpromazine
was approved by the FDA in 1954 for psychosis. Imipramine
has a molecular structure similar to that of chlorpromazine
and for that reason was initially tested as an antipsychotic in
1957 with several hundred cases.® Although that effort did
not demonstrate effectiveness for psychosis, observation of
about 12 of the cases with depression revealed the antide-
pressant property of imipramine. Iproniazid, a monoamine
oxidase inhibitor (MAOI), was used for tuberculosis and
clinical observation on the tuberculosis wards reported that
patients expressed joy and optimism, despite their prognosis.
In 1957, a case series of patients with depression showed
beneficial effects of iproniazid.”

The decade from 1949 to 1958 is unparalleled in the his-
tory of psychopharmacology, with the discovery of the first
mood stabilizer, the first antipsychotic, and 2 antidepres-
sants, a tricyclic and an MAOL. Yet, none of these case series
involved a control. These 4 highly influential case series
represent the successes, but do not reveal how many other
series showed no effectiveness or revealed safety problems.
Further, they do not reveal how many case series were even-
tually shown to be false positives.

Placebo-Controlled Trials

In 1955, Beecher described placebo response rates across
a wide range of indications including anesthesia for surgery,
highlighting the need for trials to include a comparator.?
He stated, “Many a drug has been extolled on the basis of
clinical impression when the only power it had was that of
a placebo”8(P16%9) The need for both a control group and
double-blinding in experimental research was articulated

in 1958.°
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The first controlled study of lithium involved a placebo-
controlled crossover trial.!” Thirty-eight subjects with mania
were enrolled for two 2-week periods. Some cases were open;
some blinded. Emotional and motor levels were each rated
on a simplistic 3-point scale: +, ++, +++. Among those who
were crossed from placebo to lithium, 75% were less manic,
whereas none were less manic among those who went from
lithium to placebo. Despite this strong evidence, lithium was
not approved by the FDA until 1970, due in part to concerns
about toxicity.

The first, placebo-controlled trial of chlorpromazine
included 12 chronic schizophrenic male inpatients.!!
It was a blinded, crossover study in which subjects
were randomized to 1 of 2 sequences with three 6-
week periods—chlorpromazine/plcebo/placebo or placebo/
placebo/chlorpromazine. No rating scales were used. Based
on clinical observation, chlorpromazine significantly reduced
“pathological activity” A randomized placebo-controlled tri-
al that specifically recruited subjects with depression showed
strong effects of imipramine in 1959.12

However, there were many case series results that failed
to be confirmed in controlled trials. For instance, 4 case
series reported strong antipsychotic properties of reser-
pine, the Indian herb Rawoulfia: 64% marked to moderate
improvement,'® 62%,'* 46%,'> and 70%.'° Yet, none of these
had a control. Subsequent controlled trials of reserpine
showed no difference from placebo.!” Another showed
no benefit of reserpine, relative to placebo, as an add-on to
electroconvulsive therapy.'®

With the genesis of psychopharmacology, both the
National Institute of Mental Health (NIMH) and the Depart-
ment of Veterans Affairs (VA) set up psychopharmacology
research units in the late 1950s. This stimulated the initial
stage in the evolution of standards for RCT design and analy-
sis. For instance, Jonathan O. Cole, MD, Director of the NIMH
Psychopharmacology Services Center, published recommen-
dations for reporting the results of trials, in which patient
selection, evaluation of change, description of treatment set-
ting, and toxicity reactions were all discussed.!” However,
there was no mention of statistics or data analysis.

At the time, study participants were most often inpatients
and, when controls were used, crossover designs were the
norm. The complexity of the crossover studies escalated. For
example, there was a double-blind trial comparing placebo
(P), BW203 (B), and chlorpromazine (C).?° Thirty-six psy-
chotic inpatients were each randomized to 1 of 6 sequences
of three 4-week periods: P-B-C, P-C-B, B-P-C, B-C-P,
C-P-B, C-B-P. The improvement rates of 62% (placebo), 50%
(BW203), and 54% (chlorpromazine) demonstrated that pla-
cebo was significantly superior to BW203, undoubtedly the
reason that the agent is not familiar to us today.

Inclusion Criteria

The inclusion criteria in the early studies were often rath-
er broad perhaps, in part, because the diagnostic nosology
of the era, DSM-I (1952) and DSM-II (1968), were narrative
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based. It was not until Feighner criteria in 1972,%! Research
Diagnostic Criteria in 1978,>> and DSM-III in 1980% that
nosology became criterion based. In fact, some of the early
trials used medication response for diagnostic classification,
an approach later referred to as pharmacologic dissection.**
In one such study, 180 subjects with schizophrenia, affective
disorders, or other diagnoses showed 7 patterns of response
to imipramine including mood elevation, reduction of anxi-
ety, agitated disorganization, and so on.”® A highly influential
example of this approach to diagnoses in clinical trials was a
study of imipramine treating 35 inpatients with depression,
which found that the recovery rates were markedly different
for nondelusional (66.7%) and delusional (23.1%) patients.?®
This study has informed subsequent RCT exclusion criteria
and can be thought of as an early example of empirical basis
for personalized treatment.

Standards for the study design and analysis continued
to evolve. Max Hamilton, MD, a psychiatrist and namesake
of a rating scale for depression, published a text that com-
prised 12 of his lectures covering a range of areas in clinical
research design and analysis including stages of experimen-
tation, design of experiments, measurement of variability,
tests of statistical significance, ¢ test, x>, ANOVA, correla-
tion, selecting cases and treatment, and problems in design
and analysis.?’

Innovation in Psychopharmacology Trials

On the heels of the case series and the small RCT par-
adigm of the 1950s, the scale and complexity changed in
the 1960s. Consider, for instance, a VA cooperative study
that included 805 subjects with schizophrenia from 37 VA
hospitals.?® Tt was a double-blinded randomized crossover
study with two 12-week periods that compared chlorpro-
mazine, promazine, phenobarbital, and placebo. This study
was quite innovative in that it included 2 phenothiazines and
an active control (phenobarbital) and used 3 rating scales.
The superiority of chlorpromazine was well-documented in
this study.

A trial that compared tetrabenazine and chlorpromazine
for chronic schizophrenia included 2 novel components:
a 6-week washout period and a 2-week placebo lead-in
period.?” However, it did not use randomized treatment as-
signment; instead, it assigned subjects to the 2 groups (12
weeks of either tetrabenazine or chlorpromazine) matched
on age, clinical assessment, behavioral rating, and previous
leucotomy. This, like other studies of the time, presented
results indicating significant symptomatic improvement
within each group, but no significant between group effect.
Such findings highlight the importance of including a com-
parison group.

After a decade or so of psychopharmacologic research, the
standards for design and analysis continued to advance. In a
1962 manuscript on the evaluation of psychopharmacologic
agents, Jonathan O. Cole, MD, described methods for each of
several diagnostic groups.*® One area addressed was the con-
duct of trials for outpatient samples with depression. Several
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of the topics covered represent challenges faced in contem-
porary psychopharmacology: substantial dropout rates with
outpatients, the high rate of placebo response, comparative
effectiveness, and the response of different subtypes to dif-
ferent agents (ie, personalized treatment). The publication
of this comprehensive discussion of clinical trial methodol-
ogy coincided with the 1962 Kefauver-Harris Amendment
to Federal Food, Drug, and Cosmetic Act, which, as stated
above, required substantial evidence of effectiveness from
adequate and well-controlled studies.? Although, it is not clear
that the publication was motivated by the new legislation, it
was at this point in time that the trend in psychopharma-
cology was shifting from crossover trials to parallel-group
designs.

Some studies of that era sought solutions to clinical chal-
lenges that we continue to grapple with today. For example, a
9-week placebo-controlled trial of mepazine as an add-on to
phenothiazines had cognition as its primary outcome. It did
not use clinical observation, but validated scales (Wechsler
Adult Intelligence Scale and Hospital Adjustment Scale) to
assess outcome.®! Despite several earlier reports of clearer
thinking with mepazine, no group differences were found
in this randomized controlled trial.

A landmark study of phenothiazine treatments for acute
schizophrenia was conducted during this period.** It was
a 9-site, randomized, parallel groups, controlled trial that
randomized 463 newly admitted patients to 6 weeks of chlor-
promazine, thioridazine, fluphenazine, or placebo. There
were 3 objectives:

(1) Efficacy of thioridazine and fluphenazine relative
to placebo.

(2) The noninferiority of thioridazine and flu-
phenazine to chlorpromazine (although the term
noninferiority was not used).

(3) Relative safety and tolerability of chlorpromazine,
thioridazine, and fluphenazine.

It was this seminal study that developed and first used the
now ubiquitous Clinical Global Impressions (CGI)-Severity
and CGI-Improvement scales. Participants in this study
were terminated due to treatment complications or failures,
and the termination rates differed across the cells: active
(20%) and placebo (41%). The analyses, which included
only the completers, showed significantly greater marked/
moderate improvement for the active cells (pooled 75%)
versus placebo (23%); however, there were no differences
among drugs. In stark contrast to the style used today, the
results included the following: “Details on statistical analy-
ses are not reported here. Any differences or relationships
reported in this paper, unless otherwise stated, were found
to be statistically significant.”32(P252)

The randomized withdrawal design was introduced
into the field of psychopharmacology with 3 trials in the
early 1970s. A double-blind lithium discontinuation study
in manic-depression (N =50) and recurrent depression
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(N =34) found a significant prophylactic effect of lithium.*?
A small double-blind discontinuation study of lithium in
manic-depression and recurrent depression (N =18) found
no difference between lithium and placebo in 2-year relapse
rates.>* A double-blind discontinuation study of recurrent
depression compared lithium (N'=22), imipramine (N=21),
and placebo (N'=13) over 2 years.® Imipramine had a sig-
nificantly superior prophylactic effect over placebo.

A NEW WAVE OF DEVELOPMENT IN
PSYCHOPHARMACOLOGY

With the 1980s and 1990s came a new wave of regula-
tory approvals of novel antipsychotics, antidepressants,
and anticonvulsants, each based on data from randomized
double-blind, parallel-group, placebo-controlled clinical tri-
als. Many of these studies built on the appreciation, developed
in the prior decade, that much of the benefit and harm in
psychopharmacology was dose related and, therefore, there
is a need to apply fixed-dose comparison designs that allow
for a brief period of titration. This shift was influenced in
part by a letter describing limitations in the interpretation of
a therapeutic window for antipsychotics from a flexible-dose
study.*® Dose comparison studies examined haloperidol for
acute schizophrenia as well as fluphenazine decanoate’” and
haloperidol decanoate? for relapse prevention and provided
an opportunity to look closely at extrapyramidal symptoms
of haloperidol.*

The early fluoxetine studies used dose-escalating sched-
ules in which a dose could range from 20 mg to 80 mg;
yet, about 80% of participants got at least 60 mg within 2
weeks.*%*! However, it was the fixed-dose, dose-response
studies that helped identify optimal dosing of fluoxetine with
regard to both efficacy and adverse events.*>*} Furthermore,
a study of nonresponders to 3 weeks of 20 mg of fluoxetine
compared those who were then randomized to 5 additional
weeks of either 20 mg or 60 mg. It found no added benefit
of switching to 60 mg and significantly greater attrition due
to “adverse experience” for the higher dose.**

Identifying the appropriate target population for an
intervention is critical. For instance, clozapine was a prom-
ising antipsychotic, but the risk of agranulocytosis posed a
serious obstacle to regulatory approval. The strategy used
to demonstrate the efficacy of clozapine and gain approval
in the United States was to conduct a trial in treatment-
resistant patients. The pivotal trial recruited participants
who had previously failed to respond to at least 3 different
neuroleptics.* They were initially given 6 weeks lead-in of
haloperidol. Only participants who prospectively failed to
adequately improve during those 6 weeks were then ran-
domized to receive 6 weeks of clozapine or chlorpromazine
in a double-blind fashion. Although the response rate was
modest for clozapine (30%), it was substantially greater than
chlorpromazine (4%).

After a nearly 30-year gap in large-scale double-blind,
placebo-controlled drug development employing random
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assignment to parallel groups for bipolar disorder, mainte-
nance trials of anticonvulsants began a new era. For example,
randomized controlled trials compared efficacy and safety
of divalproex sodium, lithium carbonate, and placebo*® and
lamotrigine, lithium carbonate, and placebo.”” Mood stabiliz-
ers like valproate typically were shown to have acute efficacy
for mania prior to the evaluation of a maintenance effect.
Furthermore, the maintenance trials focused on participants
recently treated for mania or hypomania.*® Up until this new
era began, the depressed phase of bipolar disorder received
considerably less attention, despite its overrepresentation in
the course of the illness. Lamotrigine trials provide an excep-
tion to this in that the drug was shown to have some evidence
of efficacy for acute bipolar depression*” and subsequently
found to provide maintenance therapy for recently depressed
participants.”® As with studies of many psychiatric disorders,
trials for bipolar disorder are highly selective, excluding those
with psychiatric or other medical comorbidity and alcohol
or substance abuse and sometimes those with mixed states
or rapid cycling. As a result, the generalizability of results
is limited. Systematic Treatment Enhancement Program
for Bipolar Disorder (STEP-BD)>! and Lithium Treatment-
Moderate dose Use Study (LiTMUS) for bipolar disorder®
each sought to broaden the inclusion criteria.

The field realized the limitations of short-term treatment.
Therefore another design was used to investigate treatment
during various phases of an illness—sequentially examining
acute, continuation, and maintenance phases of treatment.
Each phase enrolls successive subsets of participants who met
inclusion criteria based on response status in the prior phase.
The acute and maintenance phases are each double-blind
randomized studies in and of themselves, with randomiza-
tion at the start of the respective phase. For example, 2 such
programs were conducted in chronic depression, one com-
pared sertraline and imipramine®*->° and the other compared
nefazodone and cognitive behavioral analysis system of psy-
chotherapy (CBASP) alone and in combination.*®*” Each of
these programs also included a phase in which acute phase
nonresponders were switched to another active agent for
acute treatment.”®>

The role of psychotherapy augmentation for those not
fully responding to an antidepressant was examined in the
REVAMP Study. Participants with chronic depression who
prospectively failed to respond to algorithm-guided medica-
tion were randomized to receive the next level antidepressant
either alone or in combination with CBASP or brief support-
ive psychotherapy.*

Although several psychotropic agents have demonstrated
efficacy in placebo-controlled trials, there has been limited
empirical evidence to guide the choice among efficacious
agents for a particular indication. For that reason, among
others, the NIMH supported large comparative effectiveness
trials including Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) and Clinical Antipsychotic Trials
of Intervention Effectiveness (CATIE) for schizophrenia.
These trials involved longer periods of treatment and more
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generalizable samples than typically included to date. The
CATIE study compared atypical antipsychotics (olanzapine,
quetiapine, risperidone, ziprasidone) with the first-generation
antipsychotic, perphenazine. The 57-site study enrolled 1,493
participants and used a novel outcome, “time until all cause
discontinuation”®! STAR*D examined treatments for adult
outpatients with a nonpsychotic major depressive disorder
who did not achieve remission on citalopram therapy. The
study used equipoise-stratified randomization®” in which the
participants could opt out of a treatment strategy (switch or
augmentation), but not the particular interventions within a
strategy.%® Separate studies examined antidepressant switch
strategies (bupropion-SR vs sertraline vs venlafaxine-XR) with
727 participants® and antidepressant augmentation strategies
(bupropion-SR vs buspirone) with 565 participants.®®

DESIGNS FOR FUTURE TRIALS IN
PSYCHOPHARMACOLOGY

There are 2 promising designs that have been seldom used
in psychopharmacology: adaptive design and noninferiority
trials. An adaptive design is a “multistage study design that
uses accumulating data to decide how to modify aspects of
the study without undermining the validity and integrity of
the trial?®®®42) Tt is imperative that changes are based on
prespecified criteria. For instance, in a dose-finding study,
the least effective dose(s) could be dropped after the initial
15% or 20% of planned subjects have completed the study.
Alternatively, the randomization allocation ratio might be
modified, based on a priori criteria, such that substantially
more subjects are randomized to the dose with most prom-
ising results to date. Such designs must guard against inflation
of type I error and have safeguards that prevent the investiga-
tors from learning details of interim results that could have
bearing on the remainder of the trial. An independent data
monitoring committee might be used to review the interim
data and, based on a priori adaptive criteria, convey a general
message regarding which changes should be implemented,
but not convey the specific results.

Most trials in psychopharmacology use a superiority
design, hypothesizing a difference between treatment groups.
In contrast, a noninferiority trial is used to show that one cell
is no worse than the other. It would seem that comparative
effectiveness trials could benefit from using the noninferi-
ority design. For example, there would be important policy
implications if a trial demonstrated that an inexpensive ge-
neric was no worse than a brand name medication. However,
there are several fundamental challenges of noninferiority
design including demonstration of assay sensitivity, choosing
a well-defined margin of noninferiority, and the substantial
sample sizes.®”’

Ethical Issues

As a part of the 1962 Kefauver-Harris Amendments, the
FDA required that informed consent be obtained from all
human research subjects in clinical trials that are submitted
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as part of the drug approval process.' In 1964, the World
Medical Association issued the Declaration of Helsinki that
set forth ethical principles for human experimentation.
Ethical standards became codified in the United States in the
1970s. The US Congress passed the National Research Act in
1974. This established the commission that issued Belmont
Report in 1979,%8 which outlined ethical principles that con-
tinue to serve as the basis for the Federal Regulations for
protection of human subjects. Despite the standards, ethical
perspectives on placebo controls in clinical trials vary from
institutional review board (IRB) to IRB and cross-nationally.
Policies regarding placebo remain an evolving area in need
of harmonization.

IMPACT OF STATISTICAL REASONING
ON RESEARCH IN PSYCHOPHARMACOLOGY

The standards for design and analysis were influenced
by the initial statisticians involved in psychopharmacology
studies. Samuel W. Greenhouse, PhD, was the first statisti-
cian at NIMH (1954-1966). C. James Klett, PhD, and John
E. Overall, PhD, each played major roles in shaping the qual-
ity of the psychopharmacology research of Department of
Veterans Affairs Cooperative Studies Program from the late
1950s and beyond. Eugene M. Laska, PhD, joined Rockland
State (now the Nathan Kline Institute) as a statistician in
1964. In addition, statisticians were regularly included on
NIMH review committees by the 1970s and 1980s; and, in
this way, design rigor played a more prominent role in the
awarding of research funds. Furthermore, the FDA initiated
the multidisciplinary Advisory Committees in 1970s that
included biostatisticians.

Data Analyses

The data analytic techniques used in the 1950s and 1960s
included ¥ tests, ¢ tests, analysis of variance, and analysis of
covariance. Each of these is useful for comparison of inter-
vention groups in RCTs, yet none adequately accommodates
the problem of attrition. The Kaplan-Meier product limit
estimate was developed to account for censored cases as a
survival analytic approach to cancer research.’ Due to the
influence of Joseph L. Fleiss, PhD, a prominent biostatistician
at Columbia University School of Public Health and the New
York State Psychiatric Institute, survival analysis was applied
to a trial for mania.”®

Attrition

The initial approach to attrition in psychopharmacology
was to limit analyses to participants with complete data. This
was a reasonable strategy in the 1950s when studies enrolled
only inpatients and dropout was rare, seldom more than
5%, and typically due to death or a rare hospital discharge.
Last observation carried forward (LOCF) came into use in
the early 1960s, if not before. Another approach involved
the replacement of each dropout with a newly randomized
subject.
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However, the attrition rates became substantially higher
over the decades, exceeding 30% in antidepressant trials and
50% in antipsychotic trials.”! In order to minimize the bias in
estimates of the treatment effects in trials with substantial at-
trition, it is critical to classify participants based on intention
to treat (ie, randomized assignment), rather than by actual
treatment received. This was described by A. Bradford Hill in
1961,7% yet to this day some investigators resist the proposal
to attempt assessing all randomized participants for entire
course of RCT, regardless of adherence to study medication,
which is arguably the most appropriate implementation
of the principle of intention to treat.”® It was not until the
1980s that statistical strategies accommodated participants
with incomplete data.”*”> Mixed-effects models were in-
troduced in 1982,7* used in psychopharmacology shortly
thereafter,”*78 but not widely disseminated until the software
became accessible, in part with funding from NIMH.”®-82

The NIMH Treatment of Depression Collaborative
Research Program was one of the earliest large trials to ap-
ply mixed-effects models, albeit as secondary analyses, in
order to include participants with incomplete data.®* The
study randomly assigned 255 subjects to one of four 16-
week treatments: cognitive behavior therapy, interpersonal
psychotherapy, imipramine hydrochloride plus clinical man-
agement, and placebo plus clinical management.®* It is also
noteworthy that this was the first study to develop and incor-
porate a pharmacotherapy treatment manual to standardize
the delivery of a psychopharmacologic intervention in a
clinical trial.®®

Sample Size Determination

Until fairly recently, sample size determination was con-
ducted in rather ad hoc fashion. Even though algorithms
and tables for sample size estimates were published in the
1960s,%%7 sample sizes were typically selected based on 2
criteria: the number of participants included in prior trials
and the budget. Power analyses did not become routine un-
til specialized software became available in the 1990s. The
need for power analyses for planning clinical trials has now
become widely accepted. The concept of the effect size, a
fundamental component of power analyses, has gained bet-
ter understanding. The magnitude of a treatment effect in
a completed RCT can be described with an effect size, such
as the number needed to treat or area under the curve, each
more intuitive than the conventional Cohen d.8® The FDA
Division of Psychiatry Products interprets substantial evi-
dence primarily as a statistically significant treatment effect.
However, a finding that is accompanied by a clinically mean-
ingful effect size carries additional weight.

Assessment

In the 1950s, outcome measures in trials primarily
involved clinical observation. There was no standardization
across studies. The need for standardized, psychometrically
validated assessment tools spurred the development of rat-
ings scales such as the Hamilton Depression Rating Scale,

J-Clin Psychiatry 72:3, March 2011

7 N

NCDEU FESTSCHRIFT %5

%

Brief Psychiatric Rating Scale,”® Montgomery-Asberg
Depression Rating Scale,”! Positive and Negative Syn-
drome Scale (PANSS),”? Panic Disorder Severity Scale,”
Inventory of Depressive Symptomatology,”* Young Mania
Rating Scale,” and Clinician-Administered Posttraumatic
Stress Disorder Scale.”® The Early Clinical Drug Evaluation
Unit (ECDEU) led an effort to promote uniformity in choice
among the many new rating scales by publishing the ECDEU
Assessment Manual.”” More recently the American Psychi-
atric Association compiled the comprehensive Handbook of
Psychiatric Measures.”

Guidelines for Clinical Trial Design

The momentum for design and analysis standards gained
ground, in part, with publications from the NIMH® and the
American College of Neuropsychopharmacology (ACNP).!%
The FDA published 3 of the initial guidance documents
in 1977: General Considerations for the Clinical Evalua-
tion of Drugs,'*! Guidelines for the Clinical Evaluation of
Antidepressant Drugs,'%? and Guidelines for the Clinical
Evaluation of Antianxiety Drugs.!%® Regulatory guidance
continued with the International Conference on Harmoni-
sation (ICH), which published the E9—Statistical Principles
for Clinical Trials!** and E10—Choice of Control Group and
Related Issues in Clinical Trials.!% The FDA continues to
develop guidance documents, most recently releasing 2
drafts that are germane to psychopharmacology: Non-
Inferiority Clinical Trials'* and Adaptive Design Clinical
Trials for Drugs and Biologics.!?”

A major advance in standardizing content of clinical
trial reports came with the introduction of the Consolidated
Standards of Reporting Trials (CONSORT).!% It not only
includes the now ubiquitous CONSORT chart showing
the flow of participants from screening to study comple-
tion, but also presented a 25-item checklist that describes
content of various sections of the manuscript including
the Title, Abstract, Introduction, Methods, Results, and
Discussion. The CONSORT Statement was updated in 2001
and 2010.'%-1!!

There had been concern about selective reporting
of positive trials and suppression of negative results. This
was highlighted, for instance, by the FDA briefing docu-
ment for the 2004 advisory committee meeting on suicidality
and pediatric antidepressant use in which previously
unseen negative results were revealed. ' As part of the
1997 Food and Drug Administration Modernization Act,
registration of some clinical trials and presentation of a
protocol summary were required in a national database,
ClinicalTrials.gov. In 2007, the FDA extended this mandate
to include reporting of results and adverse events of complet-
ed trials. The International Committee of Medical Journal
Editors (ICMJE) initiated a policy that requires investiga-
tors to register interventional studies at an acceptable public
trials registry (such as ClinicalTrials.gov) as a condition of
consideration for publication. It has been a requirement of
this journal since 2007.
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CONCLUSIONS

Six decades of trials in psychopharmacology were
accompanied by major advances in research methodology.
The early trials involved a single site, most often an aca-
demic medical center that enrolled chronic inpatients who
had few, if any, treatment options. Those trials needed a
small number of participants to detect the large treatment
effects seen with severely ill, treatment naive patients. The
patients were very well known to their clinicians, many
spending months to years as inpatients in one facility. The
clinicians’ familiarity with the clinical status of each patient
allowed for nonstandardized clinical observations of out-
come such as “fewer windows were broken on the ward?”
The long-term doctor-patient relationships also provided
opportunity for serendipity, which formed the foundation
for discovery in psychopharmacology in its early decades.

Trial designs evolved from case series with no con-
trol to crossover designs to randomized, double-blind,
parallel-group placebo-controlled trials. The trials of acute
treatment became longer over the decades, initially offering
as few as 2 to 4 weeks of treatment and now offering 8 to
12 to 26 weeks. More recently the observed treatment ef-
fects have become smaller, requiring multisite, and, more
often, multinational and multicontinental studies to pro-
vide the number of participants necessary for adequate
statistical power.

The paradox that motivated this article was the apparent
inconsistency between 6 decades of advances in RCT tech-
nology (design, analysis, and assessment) and the slowing
of discovery of psychopharmacology. In the decade from
1949 to 1958, 4 major discoveries laid the foundation of psy-
chopharmacology, with lithium, the first mood stabilizer,
chlorpromazine, the first antipsychotic, and imipramine
and iproniazid, the first antidepressants, each with different
mechanisms of action. Why has the discovery of blockbust-
ers slowed today? It could simply stem from retrospective
recall bias: were the discovery rates truly much higher in the
1950s? Is this phenomenon a function of publication bias
filtering the negative trials or a nostalgic reconstructionist
view of the history of psychopharmacology? Are the effect
sizes truly shrinking, as has been postulated,'!® or is this
phenomenon, in part, a function of trial conduct? Perhaps
there is a need for more precise assessment procedures
with greater emphasis on reliability and rater training and
competence.''*"11® Could it be that today’s mental health
care delivery system limits the opportunity for serendipitous
discovery, a driving force in early psychopharmacology? In
my interviews of several who helped shape the field, I was
repeatedly told that an insufficient amount of time is spent
in phase 2 development to determine the correct drug, the
proper dose, and the appropriate patient population. This
suggests that the hurried effort to advance the development
and regulatory approval of psychopharmacologic com-
pounds could, in fact, have set the stage to miss potential
blockbusters that were inadequately tested.
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An immediate challenge faced in the field is to make
progress in the development and identification of person-
alized treatments,!!” perhaps through the application of
biomarkers. The concept of identifying moderators of the
between-treatment effect size was articulated for clinical
trials in psychiatry''® and will no doubt be applied in the
effort to uncover personalized treatments.
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