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Editor’s Note

NCDEU’s Golden Anniversary

This June marked the 50th annual NCDEU meeting, cosponsored by the National Institute of 
Mental Health (NIMH) and the American Society of Clinical Psychopharmacology (ASCP). 
Begun a half century ago as the Early Clinical Drug Evaluation Unit (ECDEU), a psycho-
pharmacology research program of NIMH, the meeting provided a forum for the pioneers in 
this new therapeutic area to meet and discuss common interests. ECDEU grew in scope and  
attendees, and its name later evolved to New Clinical Drug Evaluation Unit, which conveys little 
information. The acronym NCDEU, however, is widely recognized and highly regarded.

I first attended NCDEU as an investigator in an NIMH-sponsored collaborative study of  
fluphenazine decanoate in 1974. From then until 2010 I have missed only 1 meeting—which 
conflicted with my wedding. NCDEU is a regular and valued fixture on my annual calendar.

From its inception as a forum for NIMH and university clinical researchers, ECDEU/NCDEU 
has grown to encompass representatives of pharmaceutical and device manufacturers, physi-
cians from the US Food and Drug Administration, employees of clinical research organizations 
and research sites, and other interested clinicians and investigators. The meeting provides an 
informal but scintillating venue for creativity and collaboration. Retaining its primary focus 
on clinical psychopharmacology research, NCDEU has expanded to include psychosocial in-
terventions, health economics, outcomes research, ethics, public policy, and much more. Many 
fertile seeds have taken root at NCDEU and subsequently yielded fruit to nourish the practice 
of Psychiatry.

The 50th anniversary meeting of NCDEU provided an opportunity for some of the field’s 
leaders to look back and forward at progress in important areas of psychopharmacology 
and clinical science. In this issue and throughout the next year, JCP will publish a number of  
Festschrift articles to celebrate NCDEU, the pioneers in psychopharmacology, and progress in 
our robust field. We are honored to bring you the reviews, work, and thought of some of the 
leading figures in Psychiatry.

ASCP, this journal’s partner, is a recent but natural cosponsor with NIMH of the NCDEU 
annual meeting. ASCP’s leadership role is likely to expand in the meeting’s future. ASCP and 
JCP look forward to our growing partnership and involvement in NCDEU and Psychiatry’s 
promising future.

Alan J. Gelenberg, MD
Editor in Chief

agelenberg@psu.edu
doi:10.4088/JCP.10f06326whi

© Copyright 2010 Physicians Postgraduate Press, Inc.
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To honor the 50th anniversary of the ECDEU/NCDEU 
meetings, The Journal of Clinical Psychiatry is publish-

ing a series of articles reviewing the past and anticipating the 
future in clinical psychopharmacology. This note is designed 
to provide a brief account of Jonathan Cole’s key role in ini-
tiating the meeting that has become the New Clinical Drug 
Evaluation Unit (NCDEU).

Jonathan O. Cole, MD, was a unique leader in the creation 
of the field of clinical psychopharmacology. Obituaries from 
the American College of Neuropsychopharmacology1 and the 
Collegium Internationale Neuro-Psychopharmacologicum,2 
the leading organizations in the field,  and a memorial celebra-
tion of his life in September 2009 paid tribute to his seminal 
contributions. He was a distinguished administrator—Chief 
of the Psychopharmacology Service Center (PSC) at the Na-
tional Institute of Mental Health (NIMH) and Superintendent 
of the Boston State Hospital. He was a much revered teacher 
of generations of residents at the McLean Hospital in Boston, 
Massachusetts. His textbooks, written in collaboration with 
Alan F. Schatzberg, MD, communicated these teachings 
to countless individuals who never had the opportunity to 

learn directly from his prodigious knowledge of the field.3 
He was an imaginative and rigorous researcher. One of his 
early publications on treatment of schizophrenia (1964) was 
formally authored by the National Institute of Mental Health 
Psychopharmacology Service Center Collaborative Study 
Group and is indexed under “Anonymous” by the National 
Library of Medicine.4 This was the first in a series of seminal 
multicenter collaborative studies he initiated at the PSC.5,6 
His later contributions to the treatment of depression with 
medications remain as valid and insightful today as when 
they were published.7

In 1960, as Chief of the PSC, Jon Cole was using a variety 
of means to “jump start” the then nascent field of clinical 
psychopharmacology. As he recounted the story later, one 
strategy was to claim research already being supported by 
NIMH as clinical psychopharmacology.8 A lasting contri-
bution was to establish the Early Clinical Drug Evaluation 
Unit (ECDEU) program at universities and clinical centers 
around the country. Started with 15 grantees in 1950, the 
program was designed to provide open-ended support that 
would allow investigators to design and conduct research 
to examine the new medications quickly as they became 
available. Given that the discovery of chlorpromazine as a 
medication to treat psychosis had been serendipitous, the 
idea was that researchers poised to translate new discover-
ies into treatment through observation and rapid initiation 
of experiments would speed discovery into practice. The 
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studies conducted by the ECDEU investigators were often 
small; sometimes they were placebo controlled and some-
times open. They relied heavily on the clinical acumen and 
impressions of the investigators to document both the ef-
ficacy and the safety of the drugs being studied. The leaders 
of these units came together once or twice a year for closed 
meetings to share their findings (and problems) in conduct-
ing research in this new area. From its inception, the ECDEU 
program was international; Pierre Deniker, MD, of France, 
one of the discoverers of the potential of chlorpromazine as 
a psychiatric treatment, was one of the original ECDEU in-
vestigators. These small, closed meetings were the beginning 
of the ECDEU/NCDEU tradition. As recounted by Cole at 
the 25th anniversary of the NCDEU meeting,8 the meeting 
gradually expanded. Pharmaceutical company representa-
tives were invited to attend sessions at which their drugs were 
being discussed, investigators who no longer had support 
continued to attend, the US Food and Drug Administration 
sent representatives, and international investigators joined 
the meeting.

In 1976, the meeting was renamed the NCDEU (New 
Clinical Drug Evaluation Unit) Meeting. Many of the im-
portant characteristics embedded in the evolving program 
designed by Jonathan Cole continue in the renamed meeting. 
These include the early recognition of the value of multicenter 
studies4–6; the NCDEU meeting as a venue that supports part-
nership and collaboration among academia, government, and 
industry; and the recognition of the NCDEU meeting as the 
setting to report and discuss methodological advances.

At the 25th anniversary of ECDEU/NCDEU, Jon Cole8 
said, “If I am partially responsible for the development of 
the unique and excellent program, I am glad.” That statement 
reflects his characteristic modesty about his accomplish-
ments. To the contrary, the ECDEU program was his unique 
vision to establish a community of investigators dedicated to 
development of a new field. The ECDEU/NCDEU meeting 
represents a continuing demonstration of his accomplish-
ment in providing a focused and open forum. The expanding 
community of academic researchers, pharmaceutical industry 

scientists and drug developers, United States and internation-
al regulatory authorities, and others involved in medication 
development in psychiatry continues to meet to report on 
findings, discuss methodological advances, and interact 
informally. The meeting now includes a special program 
dedicated to support and development of new investigators 
in the field. His spirit of modesty, honest, and unpreten-
tious communication and the single agenda of the pursuit 
of new knowledge established a tone for the meeting that 
remains the NCDEU goal going forward, despite the more 
complex array of problems and constituents. NCDEU at 50 
represents a fitting legacy to Jonathan Cole’s early vision. 

Author affiliation: From the Department of Psychiatry and Behavioral 
Sciences at SUNY Downstate Medical Center, Brooklyn, New York.
Potential conflicts of interest: Dr Schooler is a consultant for and has 
received honoraria from Eli Lilly & Company, Hoffman La Roche, Merck, 
H Lundbeck A/S, Ortho-McNeil Janssen, Pfizer Inc, and Dainippon 
Sumitomo; and has received grant/research support from Astra Zeneca, 
Bristol Meyers Squibb, H Lundbeck A/S, OrthoMcNeil Janssen, and 
Pfizer Inc.
Funding/support: None reported.
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What’s Next After 50 Years of  
Psychiatric Drug Development: An FDA Perspective

Thomas P. Laughren, MD

FDA’s Role in Drug Development

FDA’s primary role is to protect public health by ensuring 
the safety and efficacy of drug and biologic products and 
also medical devices that are introduced into the US mar-
ket.1 This communication will be limited to FDA’s role in 
drug development. FDA’s authority to regulate drug devel-
opment derives from the Federal Food, Drug, and Cosmetic 
Act (FD&C Act).2 Regarding efficacy, the FD&C Act states 
that approval of a drug requires “substantial evidence” from 
“adequate and well-controlled investigations.”3 Substantial 
evidence, although not well-defined in the statute, is generally 
interpreted to mean sufficient evidence, but not necessarily 
overwhelming evidence. Adequate and well-controlled inves-
tigations are defined in FDA’s regulations4 that identify an 
array of study designs that can meet this standard, ranging 
from historical control to double-blind, placebo-controlled 
trials. For psychopharmacologic drug products, however, it 
is generally accepted that the most easily interpretable design 
is the placebo-controlled trial.5 The FD&C Act describes the 
requirement for safety as follows: (1) must “include adequate 
tests by all methods reasonably applicable to show whether or 
not such drug is safe for use under the conditions prescribed, 
recommended, or suggested in the proposed labeling” and 
(2) “the results of tests show that such drug is safe under such 
conditions.”3 The safety requirement is interpreted to mean 
that a drug development program must have included all 
safety testing that would generally be considered necessary 
to adequately assess the safety of the new drug product, and 
that the results of these tests must establish that the new drug 
is reasonably safe, given the seriousness of the condition 
being treated and the circumstances of use. Both of these 
requirements are, of course, matters of judgment. What can 
be considered sufficient safety testing is an evolving standard 
that becomes better defined as we continue to learn about 
the adverse effects that drugs can have, eg, there is a recent 
requirement that prospective suicidality assessments must 
be included in psychopharmacologic drug studies. FDA 
also has a major role in deciding how the package insert 
(labeling) is written and in regulating drug advertising and 
promotion, which are largely based on the specific language 
included in the package insert.

FDA has oversight over the IND (investigational new 
drug) process under which new drug products are studied 
and developed in human subjects.6 Once a drug sponsor has 
developed a product to the point where it is ready to be intro-
duced into humans, ie, there is sufficient information about 

This article discusses changes in psychiatric  
drug development from a US Food and Drug  
Administration (FDA) standpoint. It first looks back 
at changes that have been influenced by regulatory 
process and then looks forward at FDA initiatives 
that are likely to affect psychiatric drug develop-
ment in the future.

FDA protects the public health by ensuring  
the safety and efficacy of drug products introduced 
into the US market. FDA works with drug sponsors 
during development, and, when applications are 
submitted, reviews the safety and efficacy data and 
the proposed labeling. Drug advertising and promo-
tion and postmarketing surveillance also fall within 
FDA’s responsibility.

Among the many changes in psychiatric drug 
development over the past 50 years, several have 
been particularly influenced by FDA. Populations 
studied have expanded diagnostically and demo-
graphically, and approved psychiatric indications 
have become more focused on the clinical entities 
actually studied, including in some cases specific 
symptom domains of recognized syndromes. Trial 
designs have become increasingly complex and 
informative, and approaches to data analysis have 
evolved to better model the reality of clinical trials.

This article addresses 2 general areas of  
innovation at FDA that will affect psychiatric  
drug development in years to come. Several  
programs falling under the general heading of the 
Critical Path Initiative, ie, biomarkers, adaptive de-
sign, end-of-phase 2A meetings, and data standards, 
are described. In addition, a number of important 
safety initiatives, including Safety First, the Sentinel 
Initiative, the Safe Use Initiative, and meta-analysis 
for safety, are discussed.
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Drug development for psychiatric products has changed 
substantially over the past 50 years. This article will 

discuss this evolution from the standpoint of US Food and 
Drug Administration (FDA)’s role in this process and will 
then describe FDA initiatives that will have important effects 
on psychiatric drug development in the future.
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its chemistry, manufacturing, and controls (CMC) and suffi-
cient nonclinical safety data to justify safe human use, it must 
apply for an IND. From that point forward, FDA oversees all 
human trials with that product; every protocol must be sub-
mitted before it is initiated and serious unexpected adverse 
events that occur must be reported promptly. FDA then deter-
mines at each point in development that continued testing in 
humans is justified. Once a drug sponsor has completed its de-
velopment and submits a new drug application (NDA),7 FDA 
has the responsibility for carefully reviewing all aspects of this 
complex package of CMC, nonclinical, pharmacokinetic, and 
clinical data to determine whether or not the new product can 
be approved and marketed. FDA continues to have oversight 
over drug products after they reach the marketplace. This 
oversight includes assessment and monitoring of additional 
trials a sponsor decides to conduct, evaluation of new safety 
signals that emerge from postmarketing use of a drug, evalu-
ation of new claims arising from continued development, and 
monitoring of drug advertising and promotion.

There is often confusion about certain activities that FDA 
does not regulate, in particular, off-label use. Once approved, 
a drug product generally may be used by prescribers for any 
use they deem justified, even if the use is not FDA approved. 
In rare circumstances, however, FDA may restrict the use 
of a drug to prescribers who have had training in the drug’s 
use or who carry out particular safety assessments. The drug 
clozapine is marketed under a restricted distribution system 
requiring that all patients and prescribers must be registered 
and that a white blood cell count must be obtained at a speci-
fied frequency to identify neutropenia as soon as feasible. In 
labeling, FDA also identifies safety information that can affect 
use, eg, warnings about certain off-label uses. The antipsy-
chotic drugs have a box warning alerting prescribers to a risk 
of excess mortality associated with the use of these drugs in 
patients with dementia, even though they are not approved 
for use in this population.8 Some drugs are recommended for 
use only in patients who have failed alternative treatments.

Evolution in Regulatory Aspects of 
Psychiatric Drug Development  

Over the Past 50 Years

There have been many changes in psychiatric drug devel
opment programs over the past 50 years, including the illnesses 
studied, the nature of the claims sought, the diversity of pa-
tients included in clinical studies, and the complexity of trial 
designs and data analysis. Many of these changes were a result 
of the evolution of this research field, but in some instances 
these changes resulted from FDA initiatives and regulatory 
actions. This section will briefly review these changes and 
bring the reader to where we are at present from a regulatory 
perspective in psychopharmacologic research.

Increasing Specificity of Targeted Indications
Drug product labels from 20+ years ago reveal that psy-

chiatric drug indications at that time were often quite broad 

and general, eg, drugs were approved for the treatment of 
anxiety or depression, or in the case of schizophrenia, for 
the “management of the manifestations of psychosis.” This 
was true despite the fact that the development programs in 
these instances were quite narrow, focusing, for example, on 
patients with generalized anxiety disorder, major depressive 
disorder, and schizophrenia. Since that time, labeling claims 
have gradually shifted to more narrow indications focusing 
on the clinical entities actually studied in these programs. 
This change in focus came about at least in part because of 
FDA’s efforts to prevent drug sponsors from promoting their 
drugs for indications not studied in their development pro-
grams. Development programs have now been conducted 
and drugs have now been approved for essentially all of the 
anxiety disorders, including generalized anxiety disorder, 
obsessive compulsive disorder, panic disorder, social anxi-
ety disorder, and posttraumatic stress disorder. In addition 
to multiple approvals for major depressive disorder (MDD), 
including recent approvals for 2 atypical antipsychotics as 
adjunctive therapy in patients with MDD not adequately 
responding to other antidepressants, drugs are now ap-
proved for bipolar depression, seasonal affective disorder, 
and treatment-resistant depression. A selective serotonin 
reuptake inhibitor (SSRI) is approved for treating bulimia 
and PMDD, a number of atypical antipsychotics are now 
approved for treating bipolar mania, and a number of new 
drugs and new formulations of older drugs are approved for 
treating attention-deficit/hyperactivity disorder (ADHD).

In addition to a broader array of approved indications, 
FDA has endorsed, and drug sponsors have pursued, other 
clinical entities for which drug approvals have not yet been 
accomplished. The entity “psychosis of Alzheimer’s disease” 
has been accepted by FDA as a legitimate drug target,9 as have 
psychotic depression, cognitive deficits in schizophrenia,10 
and negative symptoms in schizophrenia.11 The latter 2 clini-
cal entities represent a departure from the usual focus in 
psychopharmacologic drug development programs on DSM-
recognized diseases and syndromes to a focus on specific 
symptom domains or symptom clusters that are part of a 
broader syndrome. FDA has traditionally resisted focusing 
on specific symptoms of a recognized entity as legitimate drug 
targets, out of concern for “pseudospecificity,”12 ie, a concern 
that the claim is artificially narrow and is constructed purely 
for reasons of establishing a market niche. An example of a 
pseudospecific claim would be for hallucinations in schizo-
phrenia for a drug that in fact is effective in treating an array 
of positive symptoms. On the other hand, as noted, FDA has 
accepted a more narrow focus for certain targets, eg, cog-
nitive deficits in schizophrenia and negative symptoms in 
schizophrenia, since these are well-recognized aspects of this 
condition that are not well addressed by currently approved 
drugs that treat mostly the positive symptoms. FDA has, in 
fact, already approved drugs for certain more narrow targets, 
eg, certain intramuscular formulations of atypical antipsy-
chotics for agitation in schizophrenia and bipolar disorder, 
clozapine for suicidality in schizophrenia, and 2 atypical 
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antipsychotic drugs for treating irritability associated with 
autistic disorder.

Broadening of Diversity of Populations Studied
There has also been a broadening of the populations 

included in drug development programs, including both 
demographic diversity and comorbidity. Inclusion of broad 
populations in development programs is important because 
it increases the ability to generalize the findings to the popu-
lation that will eventually be treated with a new compound 
after approval and marketing. FDA has encouraged inclusion 
of broader populations through guidance documents and 
special initiatives. An International Conference on Harmon-
isation (ICH) guidance on the elderly13 encourages including 
the elderly in development programs for drugs likely to be 
used in elderly patients, and an FDA guidance on gender14 
encourages including both genders in drug development. 
FDA has also launched several initiatives intended to in-
crease the study of drugs in pediatric patients to provide 
clinicians with better information on use of drugs in this 
population for which much prescribing is currently off- 
label. The Food and Drug Administration Modernization 
Act (FDAMA 1997)15 gave FDA authority to grant addi-
tional market exclusivity to companies that conduct studies 
in pediatric patients, and this authority was continued in 
the Best Pharmaceuticals for Children Act (BPCA) of 2001. 
The Pediatric Research Equity Act of 2003 (PREA) gave 
FDA authority to actually require pediatric studies in certain 
situations. In addition, the Food and Drug Administration 
Amendments Act of 2007 (FDAAA) reauthorized FDA’s au-
thority for both granting exclusivity and requiring pediatric 
studies in certain instances.16 These programs have led to 
approvals of psychiatric drugs for the treatment of MDD, 
obsessive-compulsive disorder, schizophrenia, and bipolar 
disorder in pediatric patients. Current regulations (21 CFR 
314.50) require analysis of safety and effectiveness findings 
by age, gender, and race.17

The study of drug treatment in certain psychiatric con-
ditions with comorbid conditions that historically have 
been viewed as potentially problematic has led to approv-
als of labeling that assures clinicians of the safety of certain 
compounds in patients with these comorbid conditions, eg, 
sertraline in patients with comorbid acute coronary syn-
drome and atomoxetine in patients with comorbid Tourette’s 
disorder. Although progress has been made in increasing 
the diversity of the populations studied in psychiatric drug 
development programs, more effort is needed to expand the 
range of patients included in trials.

Evolution of Clinical Trial Designs
Trial designs have also changed considerably over the past 

20 to 30 years. Earlier development programs for psychiatric 
drugs generally involved relatively short-term studies (3–6 
weeks) comparing a flexible-dose of new drug, often titrated 
to response, and placebo. Recent trials more often include 
fixed-dose designs and active controls for assay sensitivity. 

FDA has encouraged fixed-dose designs because these can 
provide clinicians with useful dose response information.18 
Examples of where these programs have been useful include 
risperidone and desvenlafaxine for which, in both instances, 
the dose response curve for effectiveness showed no added 
benefit for higher doses, but clearly more adverse effects for 
those doses were observed. There have been suggestions 
that this design leads to a higher failure rate than flexible-
dose studies, perhaps because the multiple active drug arms 
raise expectations of benefit and thereby enhance placebo 
response.19 Other analyses have not observed this differ-
ence.20 An active control arm is used to show that a trial has 
“assay sensitivity,” ie, the ability to distinguish effective from 
ineffective treatments. The active control arm is, in a sense, 
an insurance policy for a drug sponsor, as the interpreta-
tion of a “failed” 3-way study including an active control 
that also fails to beat placebo is different from a 2-way trial 
where new drug fails to beat placebo, a “negative” trial in 
FDA’s view. Increasingly, companies are conducting “add-on” 
studies in which a second drug is added to an initial drug to 
which patients have had a partial but suboptimal response. 
Such studies have been done in MDD, generalized anxiety 
disorder, bipolar mania, and schizophrenia.

A study design of interest, but rarely used, is a study in 
nonresponders in which failures on a treatment are random-
ized to the failed treatment and the new drug. Such a study 
in nonresponders to typical antipsychotic drugs led to the 
approval of clozapine.21

Some programs have included fixed combination designs. 
These are studies comparing a combination of drugs with the 
2 separate drugs in the combination. Symbyax (fluoxetine/
olanzapine) was studied in this way and is approved for both 
bipolar depression and treatment-resistant depression.

At FDA’s urging, it has now become standard for com-
panies to conduct maintenance studies, not typically as part 
of an initial program, but postmarketing (phase 4), using 
a “randomized withdrawal” design, in which responders 
from an open-label run-in period on a drug are randomly 
assigned to continuation of that drug or to placebo, with time 
to relapse as the endpoint of interest.

Finally, there have now been a few large simple trials 
for psychiatric drugs, primarily to answer questions about 
comparative risk, eg, the Zodiac trial for ziprasidone ver-
sus olanzapine to observe for cardiovascular risk22 and the 
Sertindole Cohort Prospective (SCoP) Study for sertindole 
versus risperidone to examine cardiovascular risk.23

Increasing Innovation in Data Analysis Approaches
Approaches to data analysis have also evolved. For many 

years, analysis using the last observation carried forward 
(LOCF) was the standard approach to dealing with missing 
data in evaluating drug trials at FDA. In more recent years, 
the advantages of other models, in particular the mixed 
model repeated measures (MMRM) approach, have been 
recognized,24 and these MMRM approaches are currently 
preferred for analyzing psychopharmacologic trial data in 

Page 9



© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.1199 J Clin Psychiatry 71:9, September 2010

NCDEU Festschrift Collection� Thomas P. Laughren

the division of psychiatry products at FDA. It is important 
in using any model, including the MMRM model, to assess 
for whether or not the assumptions of the model are satisfied. 
In the case of the MMRM approach, it is assumed that drop-
outs are missing at random (MAR). It is critical, therefore, to 
obtain as complete information as possible on why patients 
leave these trials early.

What to Expect From  
FDA of the Future With Regard to 

Psychiatric Drug DevelopmenT

FDA has launched a number of initiatives in recent 
years that will undoubtedly affect the landscape of drug 
development in years to come, including psychiatric drug 
development programs. This article will focus on changes 
that generally fall into 2 areas: (1) critical path initiatives and 
(2) safety initiatives.

Critical Path Initiative
The Critical Path Initiative (CPI) is FDA’s strategy for 

modernizing the approaches by which FDA-regulated 
products are developed, manufactured, evaluated, and 
used.25 This effort was launched in March 2004 to address 
an observed decline in the number of product applications 
being submitted to FDA, despite an abundance of important 
breakthroughs in biomedical science and an ever increas-
ing number of resources being devoted to developing such 
products. For drug products, the target of this initiative is 
the “critical path,” ie, the pathway from discovery of a new 
compound of interest to ultimate launch of that product. The 
goal was to diagnose the roadblocks in this path and find 
solutions. The initial announcement requested an identifi-
cation of specific activities along this path that could help 
to modernize product development sciences. There was a 
robust response to this request, and, in March 2006, FDA 
released a report26 that included a list of 76 opportunities for 
development projects that could lead to advances in product 
development. These opportunities included projects in the 
areas of biomarkers, trial design, analysis, bioinformatics, 
among others. Numerous projects are now underway. This 
section will summarize several areas of interest that should 
impact positively on drug development within the area of 
psychopharmacology in years to come.

Biomarkers. Despite substantial progress in psychophar-
macology over the last 50 years, there is abundant evidence 
for a current problem in psychiatric drug development. 
There have been no real “breakthrough” drugs since the 
SSRIs/SNRIs and the atypical antipsychotics. Most psychiat-
ric new drug approvals in recent years have not been “novel” 
compounds, but rather, active enantiomers of already ap-
proved racemic mixtures, active metabolites of parent 
drugs that have activity very similar to the parent, or other 
“me-too” drugs (ie, members of the same class with minor 
differences). Such modestly different drugs can sometimes 
have important advantages, but major gains are rare. The 

newer drugs have generally not been found to be any more 
effective than older drugs, eg, as suggested by the Clinical 
Antipsychotic Trials of Intervention Effectiveness (CATIE) 
study for antipsychotics,27 and the Agency for Healthcare 
Research and Quality (AHRQ) analysis for antidepressants.28 
Only 37% of patients with MDD experienced a remission 
with the initial drug used for treatment in the Sequenced 
Treatment Alternatives to Relieve Depression (STAR*D) 
trial.29 Polypharmacy also continues to be very common in 
psychopharmacology,30 suggesting that the need for more  
effective agents is apparent. Also of concern is the high fail-
ure rates for registration trials in psychopharmacology, eg, 
about a 50% failure rate in depression trials5 and a rising 
failure rate in schizophrenia trials.31 A fundamental prob-
lem is the fact that there is only a limited understanding of 
psychiatric disorders at a biologic level, so that psychiatric 
disorders are defined on the basis of symptoms rather than 
biologically. It is difficult to design drugs for diseases that we 
do not understand at a biologic level.

It is a widely held view that biomarkers might help in 
psychiatric drug development. FDA defines biomarkers as 
“measurable characteristics that reflect physiological, pharma-
cological, or disease processes in animals or humans.”26(pR-9) 
Although biomarkers have many potential applications in 
drug development, the focus in this article will be on finding 
biomarkers that can predict efficacy or risk associated with 
psychiatric drug treatment, although markers that signal a 
low likelihood of spontaneous improvement (response in a 
placebo group) could also be very useful. The main goal of 
biomarker application in predicting efficacy and risk is to 
subgroup the population into responders/nonresponders 
and into those at risk/not at risk for some adverse event of 
interest. Our limited understanding of the biology of psychi-
atric disorders greatly limits our search for target markers. 
Examples of possible biomarkers include imaging measures, 
serum assays, genetic assays (genomic markers), physiologic 
measures, histopathological findings, psychological tests, 
and demographic variables (age, gender, race).

There are 2 principal ways a biomarker (B) could sub-
divide the population, ie, on the basis of differences in 
exposure (by far the best developed group of biomarkers) 
or differences in pharmacodynamic response. In either case, 
the differences could divide patients on the basis of either 
efficacy or risk. For example, if marker positive patients (B+) 
differ from marker negative patients (B–) by having higher 
exposures to a drug, that difference could translate into a 
difference in efficacy, eg, better efficacy in B+ patients, or a 
difference in risk, eg, a greater risk in B+ patients. Similarly, 
a pharmacodynamic difference between B+ and B– patients, 
unrelated to exposure, could be reflected by differences in 
efficacy or risk.

There are already many examples of genomic biomark-
ers that predict exposure, ie, pharmacokinetic differences 
based on different activities in metabolizing enzymes. In-
formation about individual differences in levels of several 
polymorphic enzymes, with resulting differences in drug 
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exposures, is reflected in labeling for a number of drugs. 
These enzymes include CYP2C9, CYP2B6, CYP2C19, and 
CYP2D6. Atomoxetine, a selective norepinephrine reuptake 
inhibitor approved for the treatment of ADHD, is cleared 
predominantly by CYP2D6, and 2D6 poor metabolizers 
(PMs) have 10-fold higher plasma levels of atomoxetine 
than 2D6 extensive metabolizers (EMs).32 Since the clini-
cal relevance of this difference in exposure is not clear, the  
labeling for atomoxetine mentions the availability of genetic 
tests to determine 2D6 metabolizer status, but does not re-
quire such testing. Another example of a drug affected by 
2D6 metabolizer status is codeine, an analgesic. Codeine is 
metabolized to the active species, morphine, by CYP2D6, 
and the drug has little or no effect in 2D6 pms, who produce 
little active analgesic. On the other hand, 2D6 ultrametabo-
lizers (UMs) produce toxic levels of morphine, and there 
have been reports of deaths in infants breastfeeding from 
mothers who are 2D6 UMs who have been given codeine.33 
It is also known that 2D6 pms have approximately 8-fold 
increases in plasma levels of desipramine after exposure 
to desipramine, compared to 2D6 EMs.34 Thus, genomic 
biomarkers have already had a substantial impact on the 
prescribing of medications, including psychiatric drugs.

There are fewer examples of biomarkers that predict dif-
ferences in pharmacodynamic responses, and most are in the 
oncology area where the diseases are often understood at a 
molecular level. There are several oncology drugs for which 
biomarkers predict better efficacy for marker positive pa-
tients. The HER2 gene expresses a cell surface receptor that 
is needed for growth of breast cancer cells, and this gene is 
overexpressed in about 20% of breast cancers.35 Trastuzumab 
(Herceptin) is an antibody that blocks this cell surface re-
ceptor. There is a kit available for identifying this subgroup 
of breast cancer patients, and clinical trials and other data 
suggest that it is primarily this subgroup that benefits from 
Herceptin treatment.36 Labeling recommends Herceptin only 
for this HER2 positive subgroup of breast cancer patients.37 
For psychiatric drugs, there are some early findings suggest-
ing that biomarkers may help in predicting responsiveness to 
drugs. One such example is for SSRIs and serotonin genes. 
Several studies suggest that an allele of the polymorphic 
serotonin transporter gene (5-HTTLPR) is associated with 
an SSRI response in Caucasians.38 Data from the STAR*D 
trial suggest that a polymorphism in the HTR2A receptor 
gene is associated with a positive response to citalopram, 
an SSRI.39 Although these findings are not as robust as the  
findings for several oncology drugs, they nevertheless give 
some encouragement that searching for biomarkers for psy-
chiatric drug response may be fruitful.

On the safety side, there is an example of a biomarker 
that is a fairly strong predictor of the occurrence of serious 
skin reactions (Stevens Johnson syndrome [SJS] and toxic 
epidermal necrolysis [TEN]) in patients receiving the drug 
carbamazepine. The incidence of SJS/TEN is approximately 
1–6/10,000 in Caucasians treated with carbamazepine com-
pared to a much higher incidence of 30/10,000 in some 

Asian countries.40 There is a strong association between the 
HLA-B* 1502 variant and the occurrence of SJS/TEN with 
carbamazepine in Asian populations.41 The positive predic-
tive value of this marker for SJS/TEN is 0.1 (ie, about 10% 
of patients who are positive for this marker develop SJS/
TENS when treated with carbamazepine), and the negative 
predictive value is 1.0 (ie, there are no cases of SJS/TENS in 
patients who are negative for this marker). The labeling for 
carbamazepine recommends testing for this variant in Asian 
patients, and recommends an alternative drug if the test is 
positive for the allele, unless there is some compelling reason 
not to choose an alternate drug.

Although there are not, as yet, biomarkers that reliably 
predict responsiveness to psychiatric drugs, there is much 
interest in exploring for such markers. Consequently, it 
is important to plan for development programs involving 
biomarkers, and to try to address the practical issues and 
questions that emerge in such endeavors. Pharmaceutical 
sponsors are of course very interested in knowing what is 
required to get potentially useful biomarker information into 
a drug label. One critical issue is the need for hypothesis 
testing to establish a biomarker as a predictor of responsive-
ness. Before deciding on what hypotheses to test in definitive 
trials to support labeling, it is important to conduct enough 
pilot work to establish the best path forward. If, for example, 
it appears, based on pilot data, that a drug may work only 
in a subset of the population, it may be difficult to show 
that it is effective in a broad population, eg, patients with a 
DSM-IV diagnosis of schizophrenia. In that case, it may be 
preferable to study the drug initially in a subgroup of that 
larger population defined by some biomarker, eg, a genomic 
marker G, rather than the usual approach of testing in the 
broad population first. If this trial in the G+ subgroup were 
successful, it would then be important to examine the re-
sponse in the G– population. If the drug is shown to work 
only in the G+ patients, and not to work at all in G– patients, 
this finding would support labeling targeting G+ patients. If, 
on the other hand, a sponsor wishes to obtain both a broad 
claim for a drug in the overall population, but, in addition, 
a specific claim in G+ patients, eg, a claim that this sub-
group is particularly responsive, a different strategy would 
be needed. The sponsor would need to test the drug first in 
the overall population, and if successful, then in G+ patients. 
It is important to emphasize that it will always to necessary 
to examine the response in G– patients, even if not a formal 
test. If a drug works equally well in both G+ and G– patients, 
there would, of course, be no reason to include this genomic 
information in the label.

There are also other issues that need to be addressed in 
considering the use of biomarker information in drug devel-
opment programs. Adaptive designs may be appropriate to 
increase the power for looking at a particular subgroup. The 
completeness of the biomarker information is also an impor-
tant issue. Ideally, one would have biomarker information on 
the entire sample of patients, and randomization would be 
stratified on this basis. It is also important for sponsors to 
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understand that, if a drug is going to be labeled as needing 
testing of a biomarker, it will generally be necessary to as-
sure the availability of a Center for Devices and Radiological 
Health (CDRH)–approved diagnostic kit. Thus, it would be 
necessary to have a parallel program underway in CDRH for 
the development and marketing of this kit.

Adaptive designs. Adaptive design is a term generally 
intended to refer to changes in the design or analysis of a 
clinical trial guided by examination of the accumulated data 
at an interim point with the goal of making the trial more ef-
ficient. Greater efficiency might mean fewer patients, shorter 
duration, greater likelihood of demonstrating an effect if one 
exists, or a more informative trial in other ways, eg, better 
information on dose response. FDA recently released a draft 
guidance on “adaptive design clinical trials for drugs and 
biologics” that is intended to assist sponsors in planning and 
conducting adaptive design clinical studies.42 A study with an 
adaptive design includes a prospective plan for a modification 
of some aspect of the design or hypothesis testing based on an 
interim look at the data. The types of possible modifications 
are wide-ranging, and include changes in randomization pro-
cedure, treatment regimens, sample size, schedule of patient 
evaluations, primary endpoint, secondary endpoints, con-
comitant medications, and analytic methods. It is critical that 
whatever modifications are made are assessed for their effect 
on Type I error rate and that any needed adjustments are 
made. FDA will be focused on ensuring that Type I error is 
controlled. FDA encourages the consideration of adaptations 
to improve the efficiency of drug development. The division 
of psychiatry products also encourages such adaptive plan-
ning, and we expect to see the increasing use of such designs 
in psychiatric drug development programs in the future.

End-of-Phase 2A meetings. FDA is now offering End-of-
Phase 2A meetings (EOP2A) to sponsors to provide early 
guidance on trial design for later phases of development.43 
The focus is on using clinical trial simulation and quantita-
tive modeling based on prior knowledge (eg, on the drug, 
the disease, placebo response) to help in dose selection and 
other design features for future trials. The appropriate time 
for these meetings would be in early phase 2 after comple-
tion of an initial proof of concept study in patients. The basis 
for these discussions could be information of varying types, 
including biomarkers, surrogate endpoints, prior clinical 
trials data, or preclinical data. The information could come 
from a sponsor’s resources or from FDA’s own archived data. 
Sponsors need to take the initiative in requesting an EOP2A 
meeting, and would then interact with FDA staff in plan-
ning the meeting. Although there have not been any EOP2A  
meetings for psychiatric drug development programs to date, 
it is hoped that these meetings will begin to have an important 
role in psychiatric drug development programs of the future, 
as data resources and psychiatric disease understanding im-
prove. With recent advances in genetics and neuroscience, 
there is reason to be hopeful that mental disorders can be 
reconceptualized in a way that is more conducive to drug 
discovery and development in this area.44

Data standards. One of the challenges of FDA’s regula-
tory role is reviewing massive amounts of data generated 
during the development of drug products. This task has been 
facilitated in recent years by the transition from a paper to 
an electronic environment. This transition has been helped 
by agreement on specifications for an electronic common 
technical document (e-CTD).45 There remain, however, ob-
stacles to the efficient review of data, in particular, the very 
different formats used by different pharmaceutical sponsors 
for storing and sending data to FDA. These differences not 
only complicate the review of individual applications but 
also make it much more difficult to conduct meta-analyses 
across applications to look for safety signals that may not 
be detectable in individual programs. Differences in data 
standards include differences in file names, variable names, 
coding terminology, and data structures. In order to address 
this problem, FDA has begun to adopt standards established 
by the Clinical Data Interchange Standards Consortium 
(CDISC),46 a nonprofit group whose goal is the develop-
ment of such standards. One such standard that FDA has 
adopted is the Study Data Tabulation Model (SDTM) for 
clinical trial data. SDTM is a major advance, however, it is a 
2-dimensional (flat file) structure that does not lend itself to 
addressing the complex relationships among data elements 
that characterize clinical reality. So an additional goal is to 
add another element to the overall model, ie, one developed 
by Health Level Seven International (HL7), a standards 
development organization for health care information ex-
change.47 HL7 standards have been adopted internationally 
for health care information exchange and electronic health 
records (EHRs), and offer the advantage of 3-dimensional or 
even multidimensional representation of data. The resulting 
model will hopefully have the combined advantages of both 
individual elements.

Safety Initiatives and  
New FDA Authorities Regarding Safety Matters

One of FDA’s responsibilities is to monitor the safety 
of its regulated products after marketing. For years, the 
mainstay of FDA safety monitoring has been the voluntary 
spontaneous reporting system, currently known as AERS 
(Adverse Event Reporting System). FDA does have a data 
mining capability with AERS to do proportionality analyses 
in order to sharpen its signal detection capability. Such data-
mining explorations determine whether certain drugs have a  
greater proportion of their overall AERS reports representing 
a particular type of adverse event compared to other drugs, 
which would suggest that these drugs have a greater potential 
for this adverse event than comparator drugs. The methods 
for this data-mining approach are illustrated in an analysis 
of diabetes-related adverse events associated with the use 
of different antipsychotic agents in the AERS database; the 
analysis found important differences among the various 
drugs in the signal for such events.48 FDA also has limited 
cooperative agreements with different outside groups to 
conduct observational studies to follow up on certain safety 
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questions of interest, and has also relied on sponsors and the 
medical literature to learn about new risks emerging after a 
drug product has been marketed. Although these systems 
have been successful in identifying a number of new risks for 
drugs, they have not always been as efficient and timely as 
one would like. Consequently, FDA has launched a number 
of initiatives to enhance its ability to detect new safety signals 
and better understand drug risks. Recent legislation has also 
given FDA new authority to ask sponsors to conduct safety 
studies in certain circumstances.

New safety authorities under FDAAA 2007. FDAAA 
2007 provided FDA with a number of new authorities, 
and several relate specifically to safety.49 First, FDA can, in 
certain circumstances, require the conduct of studies and 
trials focused on specific safety issues. Second, FDA can 
now require sponsors to make certain safety-related label-
ing changes. Finally, FDA can require sponsors to develop 
and comply with risk evaluation and mitigation strategies 
(REMS), which are programs targeting a particular safety 
issue for a particular drug to ensure that it is detected and 
managed appropriately. The simplest REMS would be a 
medication guide, a patient-oriented document to provide 
patients and their families useful information about how to 
safely use a drug product. More complicated REMS might 
involve restricted distribution systems, focused monitoring 
and assessments, and even patient registries that would per-
mit systematic tracking and assessment of all patients who 
receive a particular medication. Clozapine, for example, is 
available only under a program that restricts use to patients 
for whom health care providers are willing to register the 
patient and ensure that required blood testing is conducted; 
this is essentially a registry.

Safety First. FDA has always been concerned about and 
focused on the safety of drug and other FDA-regulated prod-
ucts. Safety First should be viewed as a renewal of FDA’s 
commitment to this responsibility.50 For drug products, this 
is an overall framework for integrating and implementing 
the policies, procedures, practices, and technology needed 
to meet this responsibility throughout a drug’s lifecycle. 
Safety First will incorporate the implementation of FDA’s 
new authorities under FDAAA 2007 and follow-up on vari-
ous Institute of Medicine (IOM) reports and other activities 
related to ensuring the safety of drug products. Part of the 
implementation of this effort has been the creation of safety 
teams within each review division that include, at a mini-
mum, a deputy for safety and a safety project manager. Safety 
issues will be formally tracked in the same way that drug 
applications are currently tracked to ensure they are fully 
addressed.

Sentinel Initiative. This initiative was launched by FDA 
in May 2008, in response to a mandate under FDAAA 2007, 
and is intended to complement existing systems FDA uses to 
track reports of adverse events linked to its regulated prod-
ucts. The Sentinel Initiative would enable FDA to actively 
query diverse automated health care data holders—like elec-
tronic health record systems, administrative and insurance 

claims databases, and registries—to evaluate possible medi-
cal product safety issues quickly and securely.51 This system, 
unlike AERS, would be an active surveillance system that 
would allow for not only signal detection, but also signal 
strengthening and validation. It would also involve the use 
of linked automated health care data from multiple sourc-
es, unlike FDA’s current contracts that are limited to single  
databases. It would be a resource for conducting observa-
tional studies using existing databases.

Safe Use Initiative. It is often said that FDA “does not 
regulate the practice of medicine” and this is certainly true. 
Nevertheless, FDA is concerned about unnecessary inju-
ries and deaths that result from medication errors, many of 
which are preventable. The Safe Use Initiative is intended 
to foster public and private collaborations within the health 
care community in order to reduce preventable harm by 
identifying these risks and implementing interventions 
with partners in the community.52 These partners include 
federal agencies, health care professionals and professional 
societies, pharmacies, hospitals, and other health care enti-
ties, patients, caregivers, consumers, and their representative 
organizations. Pilot programs are underway, and this initia-
tive can be expected to expand FDA’s collaborations with the 
community in years to come.

Meta-analyses for safety assessment. One approach FDA 
has used in recent years to detect signals for relatively un-
common serious adverse events is to conduct meta-analyses 
of placebo-controlled registration trials for which it has 
complete access to the trial data through NDAs and supple-
ments. There are a number of examples of such analyses, 
including several in the area of psychiatric drugs. Because 
of concerns about possible treatment-emergent suicidality 
(suicidal ideation or behavior) in association with the use of 
antidepressants, 2 meta-analyses were conducted of placebo-
controlled antidepressant trials. One of these involved 
pediatric trials53 and the second involved trials in adults.54 
These meta-analyses confirmed a signal for treatment-
emergent suicidality, in particular at the younger end of 
the age spectrum, and current antidepressant labeling has 
a box warning alerting clinicians to this risk. Meta-analyses 
of placebo-controlled registration trials were also conduct-
ed for the atypical antipsychotics. One of these examined 
mortality in elderly patients with dementia being treated 
for psychosis and other behavioral symptoms, and found 
an excess risk of mortality compared to placebo in these 
patients being treated with atypical antipsychotic drugs.55 
Other meta-analyses of placebo-controlled registration tri-
als in this same population for certain drugs in the atypical 
class found an excess risk of cerebrovascular adverse events 
(strokes and transient ischemic attacks) for drug compared 
to placebo.56 These adverse event findings are reflected in the 
labels for antipsychotic drugs. It can be anticipated that ad-
ditional meta-analyses to explore adverse event signals will 
be conducted for psychiatric drug trials, and such analyses 
will be facilitated by the increasing standardization of clinical 
trials data that are submitted to FDA.
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CONCLUDING COMMENTS

FDA has helped to shape psychiatric drug development 
programs over the past 50 years and will continue to do so 
as the field progresses. Changes over the past 50 years that 
have had regulatory impact include expansion of the ill
nesses studied and the claims sought, increasing diversity in 
the populations studied, and innovation in both study design 
and data analysis. Several initiatives by FDA will have broad 
impact in drug development, including an impact on psy-
chiatric drug development and practice. The Critical Path 
Initiative (CPI) includes a number of programs intended 
to increase the efficiency of drug development. One area of 
great interest under CPI is that of biomarkers, and there is 
hope that biomarkers might also streamline psychiatric drug 
development, both by identifying responsive subgroups and 
by identifying patients at particular risk for drug side effects. 
Other CPI initiatives include adaptive design, End-of-Phase 
2A meetings, and data standards. Adaptive designs could 
help in a number of ways, by providing greater efficiency and 
increased chances of successful programs. End-of-Phase 2A 
meetings should help to make better use of available data and 
emerging understanding of psychiatric disease to better de-
sign later phase 2 and phase 3 clinical trials. Establishing data 
standards for NDA submissions could increase the efficiency 
of FDA reviews and facilitate meta-analyses that could help 
in assessing possible drug class risks. FDA has also launched 
a number of safety initiatives intended to ensure the safety of 
marketed products. FDA has new safety-related authorities 
under FDAAA 2007, and has moved to elevate safety con-
siderations in FDA’s organizational structure. The Sentinel 
Initiative promises to increase FDA’s ability to detect safety 
signals by making more efficient use of large postmarketing 
databases, and the Safe Use Initiative seeks to reduce medica-
tion errors for marketed products by forming partnerships 
within the health care community. FDA’s increasing use of 
meta-analyses for safety should help to assess safety concerns 
for drug classes. All of these initiatives can be expected to 
have important effects on psychiatric drug development and 
practice as well.
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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 

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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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.1 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.1 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.1

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.2 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.1 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 1949.4 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.5 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.6 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.7

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 MAOI. 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.8 
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(p1605) The need for both a control group and 
double-blinding in experimental research was articulated 
in 1958.9

The first controlled study of lithium involved a placebo-
controlled crossover trial.10 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.11  
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,13 62%,14 46%,15 and 70%.16 Yet, none of these 
had a control. Subsequent controlled trials of reserpine 
showed no difference from placebo.17 Another showed  
no benefit of reserpine, relative to placebo, as an add-on to 
electroconvulsive therapy.18

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.19 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).20 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 1972,21 Research 
Diagnostic Criteria in 1978,22 and DSM-III in 198023 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.24  
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.25 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.26 
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, t test, χ2, ANOVA, correla-
tion, selecting cases and treatment, and problems in design  
and analysis.27

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.28 It 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.29 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.30 One area addressed was the con-
duct of trials for outpatient samples with depression. Several 

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.2 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.31 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.32 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.33 
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.34 A double-blind discontinuation study of recurrent 
depression compared lithium (N = 22), imipramine (N = 21), 
and placebo (N = 13) over 2 years.35 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.36 Dose comparison studies examined haloperidol for 
acute schizophrenia as well as fluphenazine decanoate37 and 
haloperidol decanoate38 for relapse prevention and provided 
an opportunity to look closely at extrapyramidal symptoms 
of haloperidol.39

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.40,41 However, it was the fixed-dose, dose-response 
studies that helped identify optimal dosing of fluoxetine with 
regard to both efficacy and adverse events.42,43 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.44

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.45 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 

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 placebo46 and 
lamotrigine, lithium carbonate, and placebo.47 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.48 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 depression49 and subsequently 
found to provide maintenance therapy for recently depressed 
participants.50 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)51 and Lithium Treatment–
Moderate dose Use Study (LiTMUS) for bipolar disorder52 
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 imipramine53–55 and the other compared 
nefazodone and cognitive behavioral analysis system of psy-
chotherapy (CBASP) alone and in combination.56,57 Each of 
these programs also included a phase in which acute phase 
nonresponders were switched to another active agent for 
acute treatment.58,59

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.60

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.”61 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 randomization62 in which the 
participants could opt out of a treatment strategy (switch or 
augmentation), but not the particular interventions within a 
strategy.63 Separate studies examined antidepressant switch 
strategies (bupropion-SR vs sertraline vs venlafaxine-XR) with 
727 participants64 and antidepressant augmentation strategies 
(bupropion-SR vs buspirone) with 565 participants.65

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.”66(p425) It 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.67

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 

as part of the drug approval process.1 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 1979,68 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 χ2 tests, t 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.69 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.70

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.71 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 
1961,72 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.73 It was not until the 
1980s that statistical strategies accommodated participants 
with incomplete data.74,75 Mixed-effects models were in-
troduced in 1982,74 used in psychopharmacology shortly 
thereafter,76–78 but not widely disseminated until the software 
became accessible, in part with funding from NIMH.79–82

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.83 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.84 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.85

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,86,87 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.88 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,89 

Brief Psychiatric Rating Scale,90 Montgomery-Asberg  
Depression Rating Scale,91 Positive and Negative Syn-
drome Scale (PANSS),92 Panic Disorder Severity Scale,93  
Inventory of Depressive Symptomatology,94 Young Mania 
Rating Scale,95 and Clinician-Administered Posttraumatic 
Stress Disorder Scale.96 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.97 More recently the American Psychi-
atric Association compiled the comprehensive Handbook of 
Psychiatric Measures.98

Guidelines for Clinical Trial Design
The momentum for design and analysis standards gained 

ground, in part, with publications from the NIMH99 and the 
American College of Neuropsychopharmacology (ACNP).100 
The FDA published 3 of the initial guidance documents 
in 1977: General Considerations for the Clinical Evalua-
tion of Drugs,101 Guidelines for the Clinical Evaluation of  
Antidepressant Drugs,102 and Guidelines for the Clinical 
Evaluation of Antianxiety Drugs.103 Regulatory guidance 
continued with the International Conference on Harmoni-
sation (ICH), which published the E9—Statistical Principles 
for Clinical Trials104 and E10—Choice of Control Group and 
Related Issues in Clinical Trials.105 The FDA continues to  
develop guidance documents, most recently releasing 2 
drafts that are germane to psychopharmacology: Non- 
Inferiority Clinical Trials106 and Adaptive Design Clinical 
Trials for Drugs and Biologics.107

A major advance in standardizing content of clinical  
trial reports came with the introduction of the Consolidated 
Standards of Reporting Trials (CONSORT).108 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 2010.109–111

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. 112 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,113 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.114–116 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.

An immediate challenge faced in the field is to make 
progress in the development and identification of person-
alized treatments,117 perhaps through the application of 
biomarkers. The concept of identifying moderators of the 
between-treatment effect size was articulated for clinical  
trials in psychiatry118 and will no doubt be applied in the 
effort to uncover personalized treatments.
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Most major psychiatric disorders have an onset 
in childhood or adolescence in a sizeable proportion 
of patients, and earlier onset disorders often have 
a severe and chronic course that can seriously dis-
rupt sensitive developmental periods, with lifelong 
adverse consequences. Accordingly, psychopharma-
cologic treatments have been increasingly utilized 
in severely ill youth. However, the increased use of 
psychopharmacologic treatments in pediatric pa-
tients has also raised concerns regarding a potential 
overdiagnosis and overtreatment of youth, without 
adequate data regarding the pediatric efficacy and 
safety of psychotropic agents. Over the past decade, 
a remarkable number of pediatric randomized con-
trolled trials have been completed, especially with 
psychostimulants, antidepressants, and antipsy
chotics. For these frequently used agents, effect sizes 
against placebo have typically been at least moder-
ate, with most numbers-needed-to-treat well below 
10 for response, indicating clinical significance as 
well. Nevertheless, data also point to a greater and/
or different profile of susceptibility to adverse effects  
in pediatric compared to adult patients, as well as 
to a role for nonpharmacologic treatments, given 
alone or combined with pharmacotherapy, for many 
of the youth. Taken together, these results highlight 
the need for a careful assessment of the risk-benefit 
relationship of psychopharmacologic treatments in 
patients who cannot be managed sufficiently with 
nonpharmacologic interventions and for routine, 
proactive adverse effect monitoring and manage-
ment. Although considerable progress has been 
made, there is still enormous need for additional 
data and funding of pediatric psychopharmacol-
ogy trials. It is hoped that the field will acquire the 
necessary resources to propel pediatric clinical psy-
chopharmacology to new levels of insight by linking 
it with, but not replacing it by, pharmacoepidemio-
logic and biomarker approaches and advances.
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summarize the current evidence for the efficacy and safety 
of these major pharmacologic drug classes in youth, identify 
knowledge gaps, and outline future directions in the clinical 
use and research of these medications in pediatric patients.

PSYCHOTROPIC MEDICATION USE IN YOUTH:  
A DEBATED ISSUE

Despite increasing recognition that psychiatric disorders 
that are generally treated in adulthood often have an onset 
before age 18 years, including unipolar depression,1 bipolar 
disorder,2 and schizophrenia,3 the use of psychopharmaco-
logic medications in youth with these conditions has been 
controversial. Although data suggest that psychiatric dis-
orders are often more severe, chronic, and unresponsive to 
therapies and associated with greater functional impairment 
and disease burden if their onset occurs during childhood 
or adolescence compared to adulthood,1,3,4 a number of 
concerns have been raised regarding the number of psycho-
tropic medication prescriptions received by children and 
adolescents and the appropriateness of the diagnoses used 
to justify such use. There has been significant debate about 
a potential overdiagnosis of psychiatric disorders in child-
hood, particularly of bipolar disorder,5–7 as well as allegations 
of overmedicating behaviors of prescribers.8–17 The concern 
is that psychotropic medications, especially antipsychotics, 
are used too early, before or instead of attempts to address 
the youngsters’ psychiatric symptomatology with more 
resource-intensive psychotherapeutic, behavioral, and family 
interventions.18 The debate has also been fueled by decades 
of prescribing despite a dearth of efficacy and safety data for 
major psychiatric drug classes in youth, resulting in a general 
need to rely on extrapolations from studies in adults.19

DEVELOPMENTAL PSYCHOPHARMACOLOGY: 
DIFFERENCES THAT MATTER

The debate about the appropriateness and potentially 
underrecognized risks of psychotropic medication use in 
youth is accentuated by findings suggesting that psycho-
tropic medications may have developmentally dependent 
effects that differ from those observed in adults. For exam-
ple, research has suggested that tricyclic antidepressants are 
much less effective in youth than in adults.20 Furthermore, 
a syndrome of paradoxical hyperactivity, agitation, and/or 
aggressiveness has been described in response to treatment 
with benzodiazepines or antihistamines, in a small subgroup 
of susceptible youth.21,22 Similarly, pharmacokinetic differ-
ences have also been identified. Compared to adults, children 

As part of a series honoring the 50th anniversary of the 
Early Clinical Drug Evaluation Unit (ECDEU)–New 

Clinical Drug Evaluation Unit (NCDEU) Annual Meeting, 
this article will address the pharmacologic treatment of youth 
with psychostimulants, antidepressants, and antipsychotics. 
In the spirit of providing a synopsis of past achievements, 
current challenges, and outstanding solutions, we will also 
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and adolescents have active tissue growth, increased repro-
ductive hormone release during adolescence, a higher ratio 
of liver organ-to-tissue mass, greater intracellular and ex-
tracellular tissue water and glomerular filtration rates, lower 
protein binding, and reduced fat tissue mass.23 Clinically, 
these differences usually mean that for some medications 
higher doses per kilogram weight are required in pediat-
ric populations than in adults to achieve similar efficacy 
and that more frequent dosing per day may be required 
in younger children. In addition to other less well-known 
pharmacodynamic aspects, these pharmacokinetic differ-
ences between children and adolescents and adults might 
be one reason for a generally observed greater likelihood 
of a number of adverse effects in youths than in adults. For 
example, these quantitative differences include higher rates 
of nausea and activation with antidepressants24; higher rates 
of sedation, weight gain, prolactin elevation, and withdrawal 
dyskinesia with antipsychotics24–26; greater weight gain with 
mood stabilizers26; and higher rates of sudden cardiac death 
during stimulant treatment,27 although the latter finding 
has not always been confirmed28 and may be related to a 
greater prevalence of inborn structural and functional car-
diac abnormalities in youth compared to individuals with 
attention-deficit/hyperactivity disorder (ADHD) who sur-
vived into adulthood.29

However, in addition to these quantitative differences, 
some adverse events might also differ qualitatively. In ad-
dition to the already described paradoxical agitation in 
response to benzodiazepines and sedatives, other examples 
include dysphoria in response to psychostimulants30 and sui-
cidal thoughts or behaviors in response to antidepressants.31 
While these qualitatively different responses do not affect all 
patients, there appear to be subgroups of patients who pos-
sibly either are genetically predisposed to metabolize these 
medications differently, leading to metabolites with different 
biological activity,32 or differ in terms of receptor configura-
tion and downstream pathways, due to an immaturity of the 
central nervous functioning or isolated pathway alterations. 
Taken together, the potential for age-dependent quantitative 
and qualitative differences in efficacy and adverse event pro-
files in youth compared to adults points toward the urgent 
need for carefully conducted large and long-term trials of 
psychotropic mediations in pediatric patients.

DEVELOPMENTS IN PEDIATRIC 
PSYCHOPHARMACOLOGY

Due to worries regarding insufficient knowledge about 
the complex and potentially enduring effects of psychotropic 
medications taken during periods of enormous biological 
and psychological development, it is important to evaluate 
how far the field of pediatric psychopharmacology has come 
and which gaps still need to be addressed.33 Over the past 40 
years, the field of pediatric psychopharmacology has evolved 
from an unduly long reliance on case reports and uncon-
trolled case series33 to the conduct of methodologically 

problematic crossover and open-label studies and, more 
recently, to larger cohort studies and adequately powered, 
randomized, placebo-controlled and, less so, active com-
parator trials.3,26,31,34,35 More recently, multisite studies 
have been conducted that compare the efficacy and safety 
of psychotherapy with a pharmacologic treatment and the 
combination of both treatment modalities against placebo.36 
Moreover, more complex equipoise randomization designs, 
placebo run-in phases, discontinuation designs, and large 
practical and adaptive trials are slowly entering the area  
of pediatric psychopharmacology. However, despite the 
fact that, like in adults, polypharmacy with psychotropic 
medications is common in youth with severe psychiatric 
disorders,24,37,38 trials comparing different pharmacologic 
augmentation and combination strategies are scarce.

Due to the wide range of development and psychopa-
thology encountered during childhood and adolescence, 
the validity and reliability of assessments can be affected in 
this population. Therefore, the development and validation 
of age-appropriate rating scales and determination of age-
dependent thresholds for abnormal values and severity levels 
are necessary. Given that in psychiatry patient and clinician 
support measures will not yield to surrogate endpoints 
until our understanding of fundamental biology has pro-
gressed significantly,39 this process is even more important. 
Moreover, questions and tasks must be age-appropriate and 
sometimes gender-appropriate (particularly in adolescence) 
and may not always be uniformly applicable.

Regarding side effect assessments, a review of 196 pedi
atric psychopharmacology articles published over more 
than 2 decades revealed that there was no common method 
used for eliciting or reporting adverse event data.40 This ap-
propriately prompted an increased focus on standardized 
assessment methods for acute and long-term adverse effects 
in youth,41,42 as these inconsistencies in ascertaining and re-
porting data on medication safety in pediatric patients are a 
major current limitation. However, even regarding biological 
measures or organic side effects, the field has only slowly  
adopted the use of developmentally appropriate measures 
and thresholds. This is particularly pertinent for the assess-
ment and tracking of age-inappropriate weight gain and 
abnormalities in cardiometabolic parameters, including  
effects on blood pressure, glucose, and lipids.43

The emergence of larger-scale conduct of psychopharma-
cology trials in children and adolescents can be attributed to 
the recognition that exposing a limited number of youngsters 
in controlled and well-supervised settings was more ethical 
than not conducting these studies, leading to the exposure 
of a much larger number of youngsters to largely untested 
medications in general clinical practice. Similarly, the field 
matured, accepting that a placebo control44,45 in a limited 
number of patients was more ethical than using an active 
comparator of often similarly uncertain efficacy and safety 
or than remaining in doubt about the true efficacy and safety 
of a new compound or an agent that had been tested in detail 
only in adults. In this context, the initiative by the US Food 
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and Drug Administration (FDA) to incentivize pharmaceu
tical companies to conduct pediatric studies in select drugs by 
granting a 6-month patent extension for adequate safety data 
in at least 100 youth followed for 6 months has contributed 
to the increase in an acute phase, placebo-controlled efficacy 
database as well as in 6- to 12-month open-label extension 
study–based safety and tolerability data. Additionally, new 
drugs with a likelihood of use in the pediatric population 
have recently been required to be tested in pediatric trials 
either prior to FDA approval or as a part of a postapproval 
commitment. In Europe, the European Medicines Agency 
has taken this a step further, requiring a pediatric investi-
gational plan to be submitted with every submission of a 
medication for a new indication.

CONTROLLED EVIDENCE BASE FOR  
STIMULANTS, ANTIDEPRESSANTS,  
AND ANTIPSYCHOTICS IN YOUTH

Over the last decade, there has been a sharp increase in 
the number, size, and quality of psychopharmacologic stud-
ies in youth. Case series and open-label and crossover studies 
have been replaced by randomized controlled trials (RCTs) 
including many of the major medication classes, especially 
psychostimulants, antidepressants, and antipsychotics.

Psychostimulants
Given conservative estimates of ADHD prevalence rates 

of 3% to 7% in US children,46 60% to 85% continuation into 
adolescence, and up to 60% into adulthood,47–49 and given 
the serious functional impairment associated with ADHD in 
youth as well as in adults,50 effective management strategies 
for this early childhood–onset disorder are important.

Efficacy in ADHD. There is strong support for the effi-
cacy of pharmacotherapy, especially of psychostimulants, as 
a first-line treatment for ADHD.51 All stimulant medications 
currently approved for ADHD are either methylphenidate 
or amphetamine derivatives, both of which enhance the 
neurotransmission of dopamine and, to a lesser extent, 
of norepinephrine. Over the last decades, the pediatric  
database for the acute and long-term safety and efficacy of 
stimulants has continually grown, including more recently 
research in preschoolers and adolescents. In addition, data 
supporting the efficacy and safety of nonstimulant medica-
tions for ADHD have also increased significantly over the 
past decade.51

A meta-analysis of randomized, controlled pediatric stud-
ies of 2 FDA-approved treatments for ADHD, atomoxetine 
and stimulants, yielded a moderate effect size for atomoxe-
tine of 0.63 and a large effect sizes of 0.99 and 0.95 for 
immediate- and extended-release stimulants, respectively.52 
These effect sizes translate into response rates of approxi-
mately 65% to 75% after the first stimulant trial (compared to 
4%–30% with placebo) and 80% to 90% after 2 different, con-
secutive stimulant trials.55 The calculated numbers needed 
to treat (NNTs) for study-defined response were 3 to 5 for 

stimulants and 4 for atomoxetine.146 A third, more recently 
FDA-approved agent, the α2 agonist guanfacine XR, had 
medium to large effect sizes of 0.43 to 0.86 in the 2 double-
blind, placebo-controlled registration trials.53,54 Moreover, 
recently, extended-release clonidine was also FDA-approved 
for monotherapy and as an adjunctive treatment in addition 
to stimulants.51

More recently, research has focused on improving the 
delivery mechanisms of stimulant medications to extend the 
duration of action. As a result, treatment can increasingly 
be individualized, having available multiple different for-
mulations, including short-, intermediate-, and long-acting 
stimulants, as well as a variety of administration options, 
such as capsules, sprinkleable capsules, tablets, chewable 
tablets, oral solution, and transdermal patches.51

Three high-quality studies comparing stimulant treat-
ment with psychosocial interventions have further advanced 
the field (Table 1). The Multimodal Treatment Study of 
Children With ADHD (MTA) was a seminal, longitudinal, 
4-arm trial in 579 children aged 7 to 9.9 years with ADHD, 
combined type.56 Patients were randomly assigned to manu-
alized pharmacotherapy (consisting of immediate-release 
methylphenidate tid; final dose: 32.1 ± 15.4 mg/d), manual-
ized behavioral intervention, combination of manualized 
pharmacotherapy (final dose: 28.9 ± 13.7 mg/d) plus behav-
ioral intervention, or community treatment. Dose titration 
of methylphenidate was based on the patients’ weight, on 
parent and teacher rating scale–reported efficacy, and on 
tolerability.56 Alternative medications were allowed for 
patients with inadequate response to the initial methyl-
phenidate trial. The behavioral treatment was structured 
and rigorous, including a 35-session parent training group; 
an 8-week, 5-days-per-week, 9-hours-per-day summer 
treatment program; and school-based treatment with 10 
to 16 sessions of biweekly teacher consultation accompa-
nied by 12 weeks of paraprofessionals directly working with  
the child.

Results indicated that all 4 treatment groups improved, 
but that the greatest improvement in ADHD symp-
toms occurred in the medication-only or the combined 
medication/psychosocial treatment groups. Combined 
treatment did not yield significantly greater benefits than 
medication management alone for core ADHD symptoms. 
Effect sizes for methylphenidate were moderate, ie, 0.52 
for parent-reported efficacy and 0.75 for teacher-reported 
efficacy. In addition, modest advantages were found for spe-
cific non-ADHD symptoms and other functional outcomes. 
Rates of “excellent success” were 68% for combination treat-
ment, 56% for medication treatment, 34% for psychosocial 
treatment, and 25% for community control treatment. This 
translates into NNTs of 3 for combination treatment, 4 for 
medication treatment, and 12 for psychosocial treatment, 
representing large effect sizes for combination treatment and 
medication treatment alone and very small effects of ques-
tionable clinical significance for behavioral treatment alone 
when compared with community control treatment that 
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could consist of medication and/or behavioral treatment.149 
In subsequent analyses at 3 years57 and 8 years,58 there were 
no differences in outcome on the basis of initial treatment 
assignment anymore, but rather baseline functioning was 
the most consistent predictor. However, treatment had not 
been controlled beyond the 14 months of the active study, 
indicating that outcomes seem to differ only when effective 
and evidence based treatments are maintained according to 
at least somewhat controlled protocols or guidelines.

A second study that investigated medication, psychoso-
cial, and combination treatment for ADHD was the New 
York Montreal Study of Long-Term Methylphenidate and 
Multimodal Psychosocial Treatment in Children with 
ADHD (Table 1).59 In this 2-year study, 133 children aged 
7 to 9 years with ADHD who had responded to short-term 
methylphenidate treatment were randomly assigned to 
treatment with methylphenidate, methylphenidate plus psy-
chosocial treatment (parent training and counseling, social 
skills training, psychotherapy, and educational assistance), 
or methylphenidate plus a psychosocial attention control 
treatment. Consistent with the MTA results, combination 
treatment was not superior to methylphenidate alone, and 
all treatment groups demonstrated significant improvement 

that was generally maintained over 2 years, although after  
1 year, all patients were single-blindedly assigned to pill  
placebo, with reinitiation of methylphenidate as needed.60

A third seminal, National Institute of Mental Health 
(NIMH)–funded stimulant study in ADHD was the Pre-
school ADHD Treatment Study (PATS), which enrolled 303 
moderately to severely impaired preschoolers aged 3–5.5 
years with ADHD (Table 1).61,62 Fewer than 10% of the 
children responded to an initial course of parent training, 
and ultimately 165 were randomly assigned to 14 months of 
either placebo or immediate-release methylphenidate (1.25 
mg, 2.5 mg, 5 mg, or 7.5 mg tid), using a titration schedule 
modeled after MTA. This study was needed, as stimulants 
were used clinically for children below the age of 6 years, and 
only a few, small randomized studies had been conducted 
in preschoolers that used immediate-release methylpheni-
date at relatively low doses (< 0.6 mg/kg compared to 0.3–1.0 
mg/kg used in studies of older children), and at potentially 
too infrequent intervals (ie, qd or bid dosing, rather than tid 
dosing that might be necessary in younger children who have 
a faster drug metabolism). PATS subjects received 1 week of 
treatment with each dose during an initial, double-blind, 
crossover titration phase, and 22% of subjects responded 

Table 1. Randomized Studies Comparing Psychostimulants With a Psychosocial Intervention, a Combination of the Two, and a 
Control Condition

Study
Sample 

Size

Age 
Range 

(y)
% 

Males Diagnosis Treatment
Study 

Duration Conclusion
Multimodal Treatment 

Study of Children 
With ADHD 
(MTA)56–58

579 7–9.9 80 ADHD Subjects were randomly assigned 
to a manualized medication 
management program, 
an intensive psychosocial 
treatment, a combination of the 
two, or community treatment

14 mo Combined treatment did not yield 
significantly greater benefits than 
medication management alone for core 
ADHD symptoms. Rates of “excellent 
success” were 68% for combination 
treatment, 56% for medication 
treatment, 34% for psychosocial 
treatment, and 25% for community 
control treatment

New York Montreal 
Study of Long-Term 
Methylphenidate 
and Multimodal 
Psychosocial 
Treatment in 
Children with 
ADHD59,60

133 7–9 93 ADHD Study of children who responded 
to short-term methylphenidate, 
then were randomly assigned 
to methylphenidate alone, 
methylphenidate plus 
psychosocial treatment (parent 
training and counseling, social 
skills training, psychotherapy, 
and educational assistance), 
or methylphenidate with a 
psychosocial attention control 
treatment

2 y Combined treatment did not lead to 
superior functioning compared 
to methylphenidate alone, and all 
treatment groups demonstrated 
significant improvement that continued 
over 2 y. Investigators concluded there 
was no support for routinely adding 
psychosocial interventions to stimulants 
for ADHD

Preschool ADHD 
Treatment Study 
(PATS)61–63

303 3–5.5 76 ADHD Fewer than 10% of the children 
responded to an initial 
course of parent training, and 
ultimately 165 were initiated 
on pharmacotherapy. Mean 
optimal dose of immediate-
release methylphenidate, dosed 
tid, was 14.2 mg/d

70 wk While methylphenidate was effective, 
the effect size was smaller than that 
found in school-aged children in the   
study, perhaps due at least in part to 
the conservative dosing. Moderate 
to severe adverse effects occurred 
in 30% of preschoolers, including 
emotional outbursts, initial insomnia, 
repetitive behaviors/thoughts, decreased 
appetite, and irritability. A total of 11% 
discontinued methylphenidate due to 
intolerable adverse effects, compared to 
< 1% of school-aged children in MTA 

Abbreviation: ADHD = attention-deficit/hyperactivity disorder.
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best to 7.5 mg tid (final most efficacious dose: 14.22 ± 8.1 
mg/d, or 0.7 ± 0.4 mg/kg/d).61,62

Comparing PATS with MTA results revealed age group 
differences. Compared to school-aged children, preschool-
ers responded to lower weight-adjusted optimal doses of 
immediate-release methylphenidate (0.7 mg/kg/d com-
pared to 1.0 mg/kg/d) and had slower clearance of a single 
dose of methylphenidate,30 more emotional adverse events 
(eg, proneness to crying, irritability, and crabbiness), more 
study withdrawal due to adverse effects (11% vs < 1%), and 
smaller effect sizes for response (ie, 0.35 and 0.43 based on 
parent ratings for parent- and teacher-reported efficacy, re-
spectively, compared to 0.52 for parents and 0.75 for teachers 
in the MTA study). Thus, results from this study suggested 
that in preschoolers with ADHD, clinicians should utilize 
slower titration and smaller doses of stimulants and monitor 
adverse effects more closely.63

Efficacy in disruptive behavior disorders. A meta-analysis 
of pharmacologic treatments for maladaptive aggression in 
youth (mean age: 9.1 years, 84.2% male) identified 18 RCTs 
with stimulants (16 with methylphenidate, 1 combination 
study of methylphenidate and mixed amphetamine salts, and 
1 combination of methylphenidate, dextroamphetamine, 
and pemoline).64 The primary diagnoses included ADHD 
(13 studies), disruptive behavior disorders (3 studies), autism 
(2 studies), and mental retardation (1 study), and all but 6 
studies allowed for comorbid diagnoses of conduct disorder, 
oppositional defiant disorder, or ADHD. The average trial 
duration was 27.2 days, and the weighted average dose of 
methylphenidate was 0.93 mg/kg/d. Consistent with a prior 
meta-analysis on this topic, in which stimulants had an  
effect size of 0.84,65 stimulants had a pooled mean effect size 
for pediatric aggression of 0.78, a medium to large effect 
size.64 However, crossover studies were included in these 
calculations that are less methodologically sound, and, to 
date, no head-to-head comparison between stimulants and 
antipsychotics, the other medication class with a large effect 
size for aggression, exists. In a recently completed systematic 
review of placebo-controlled efficacy of stimulants for rating 
scale–based aggression, stimulants (6 studies, 907 patients) 
had a pooled effect size of 0.6 and an NNT for response  
of 4.147

Stimulant tolerability. All stimulant formulations have 
roughly similar adverse event profiles, including a potential 
for delayed onset of sleep, appetite suppression, weight loss, 
headache, abdominal pain, stomach upset, growth delays, and 
increases in pulse as well as blood pressure.34,51,61 Less com-
mon adverse effects that might require management include 
tics and emotional lability/irritability. Emotional outbursts 
and irritability might be more frequent in younger children 
and those with developmental delays.30 Concerns about the 
cardiovascular safety of psychostimulants have prompted 
specific recommendations to obtain historical and physi-
cal information to identify at-risk children with structural 
cardiac abnormalities and premedication cardiovascular 
symptomatology. However, potentially medication-related 

changes in pulse and blood pressure have also been observed 
in children with ADHD without preexisting cardiac abnor-
malities. For example, in a 10-year Florida Medicaid claims 
study, stimulant-treated patients with ADHD had 20% more 
emergency room visits and 21% more office visits for cardiac 
symptoms than patients not receiving stimulants.28 However, 
cardiac mortality was not increased in patients currently re-
ceiving stimulants or those with a history of stimulant use. 
Likewise, Gould et al27 reported similar rates of sudden death 
in pediatric patients taking psychostimulants compared to 
children in the general population, with 11 sudden deaths 
reported between 1992 and 2005. However, in a matched 
case-control study comparing data for 564 reports of sudden 
death in 7- to 19-year-olds with the deaths of 564 same-aged 
children who died in a motor vehicle accident, a significant 
association of stimulant use with sudden death emerged 
(odds ratio = 7.4; 95% CI, 1.4–74.9).27 Nevertheless, ab-
sence of autopsy data in most cases and the possibility of  
non–medication-related effects complicate the interpretation 
of these results.

Antidepressants
As shown by the fact that approximately 2% of children 

and adolescents in the United States receive a prescription for 
a selective serotonin reuptake inhibitor (SSRI), clinicians con-
sider antidepressants acceptable treatments for children and 
adolescents with mood, anxiety, and obsessive-compulsive 
disorders.31 Randomized placebo-controlled trials are gen-
erally thought to indicate that SSRIs and selective serotonin 
and noradrenergic reuptake inhibitors (SNRIs) are effec-
tive in youth with mood, anxiety, and obsessive-compulsive 
disorders.31 As family physicians and, to a lesser extent, 
pediatricians have become more comfortable using these 
medications in the pediatric population, prescribing rates 
continue to increase despite concerns about adverse events.

Efficacy in major depressive disorder, obsessive-
compulsive disorders, and anxiety disorders. In a review  
of 27 published and unpublished studies, Bridge and 
colleagues31 examined the relative risks and benefits of an
tidepressant medications (SSRIs, nefazodone, venlafaxine, 
and mirtazapine) in youth with major depressive disorder 
(MDD) (N = 15), obsessive-compulsive disorder (OCD) 
(N = 6), and non-OCD anxiety disorders (N = 6). The NNT 
for MDD was 10 (95% CI, 7–15), for OCD was 6 (95% CI, 
4–8), and for non-OCD anxiety was 3 (95% CI, 2–5), cor-
responding to a small, a medium, and a large effect size, 
respectively. For OCD and non-OCD anxiety disorders, 
younger and older subjects responded equally well. Con-
versely, for children younger than 12 years with MDD, only 
fluoxetine showed benefit over placebo. In most studies, the 
within-group response rate for medication hovered around 
60% across trials independent of age, gender, or diagnosis. 
Interestingly, what distinguished a positive from a nega-
tive MDD trial was the size of the placebo response rate: 
the larger the placebo response, the greater the likelihood 
of a negative study. Given that an increased number of sites 
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predicted a poor response, it is likely that method variance—
perhaps reflecting baseline inflation, rater unreliability, and 
early dropout—rather than lack of efficacy accounts for the 
large number of failed trials in pediatric major depression. 
Consistent with this interpretation, all 3 fluoxetine MDD 
trials—2 of which were funded by the NIMH66,67 and 1 of 
which, funded by Eli Lilly, was conducted using academic 
sites68—were strongly positive, with placebo response rates 
around 35%, which is at the low end of a range that in nega-
tive trials approached 60%.

It is heuristically valuable in this regard to examine 4 
very high quality, NIMH-funded studies in OCD, anxiety 
disorders, and adolescent MDD that compared specific  
antidepressants with cognitive-behavioral therapy (CBT), 
their combination, and placebo (Table 2).

The NIMH-funded Pediatric OCD Treatment Study 
(POTS) randomly assigned 112 patients with OCD aged 
7 to 17 years to treatment with CBT, medical management 
with sertraline, the combination of the two, or pill placebo 
(Table 2).69 All 3 active treatments were superior to placebo 
in reducing OCD symptoms, although clinical remission 
rates were 53.6% for combined treatment, 39.3% for CBT 
alone, and 21.4% for sertraline alone, compared to only 
3.6% for placebo only. This translated into NNTs of 2 for 

the combination treatment and 3 for CBT (both representing 
large effect sizes), as well as 6 for sertraline, which was iden-
tical to the results in the aforementioned meta-analysis,31 
representing a moderate effect size. Thus, the POTS findings 
support an initial treatment approach for youth with OCD 
to consist of either CBT or sertraline as monotherapy or a 
combination of the two.

In a study by the Research Unit on Pediatric Psychophar-
macology (RUPP) Anxiety Study Group,70 128 youth aged 
6 to 17 years with social phobia, separation anxiety disor-
der, or generalized anxiety disorder (GAD) were enrolled 
who had failed to improve with 3 weeks of a psychosocial 
intervention. Patients were then randomly assigned to 8 
weeks of fluvoxamine dosed up to 300 mg/d or placebo. In 
this trial, fluvoxamine was significantly superior to placebo 
on both the Pediatric Anxiety Rating Scale and the Clinical 
Global Impressions-Improvement scale. Response rates were 
76% with fluvoxamine versus 29% with placebo, resulting 
in a large effect sized NNT of only 2, being slightly more 
effective compared to the NNT of 3 in the previously cited 
meta-analysis.31

One of the most relevant studies in pediatric anxiety dis-
orders was the recently completed Child/Adolescent Anxiety 
Multimodal Study (CAMS).71,72 In CAMS, 488 patients aged 

Table 2. Randomized Studies Comparing Antidepressants With a Psychosocial Intervention, a Combination of the Two, and a 
Control Condition

Study
Sample 

Size

Age 
Range 

(y)
% 

Males Diagnosis Treatment
Study 

Duration Conclusion
Pediatric OCD 

Treatment Study 
(POTS)69

112 7–17 50 OCD Randomly assigned to 
CBT alone, medical 
management with 
sertraline alone, the 
combination of the two, 
or pill placebo

12 wk All 3 active treatments superior to placebo 
in reducing OCD symptoms, although 
the remission rate for combined 
treatment was 53.6%; for CBT alone, 
39.3%; for sertraline alone, 21.4%; and 
for placebo, 3.6%

Child/Adolescent 
Anxiety Multimodal 
Study (CAMS)71,72

488 7–17 50 Separation anxiety 
disorder, social 
phobia, or 
generalized 
anxiety disorder

Randomly assigned to 
sertraline, CBT, their 
combination, or pill 
placebo

12 wk All 3 active treatments were significantly 
superior to placebo. Response rate 
for combination treatment was 81%, 
followed by both CBT alone (60%) and 
sertraline alone (55%), compared to 
only 24% with placebo

Treatment for 
Adolescents With 
Depression Study 
(TADS)67,73–81

439 12–17 46 MDD Randomly assigned to 
fluoxetine with medical 
management, weekly 
CBT, their combination, 
or pill placebo

12 wk 
(acute 
phase)

Adolescents who received fluoxetine or 
combination therapy had significant 
improvements at 12 wk, while those 
receiving CBT alone did not separate 
from placebo. Response rates at 12 wk 
were 71.0% for combination treatment, 
60.6% for fluoxetine, 43.2% for CBT, 
and 34.4% for placebo. By the end 
of 9 mo of treatment, response rates 
for combination (81.3%), fluoxetine 
(71.6%), and CBT (68.5%) were 
virtually identical

Treatment of 
SSRI-Resistant 
Depression in 
Adolescents 
(TORDIA)82–85

334 12–18 30 MDD (had not 
responded to a 
2-mo trial with 
an SSRI)

Randomly assigned to a 
second, different SSRI 
(paroxetine, citalopram, 
or fluoxetine); a 
different SSRI plus 
CBT; venlafaxine; or 
venlafaxine plus CBT

12 wk The 2 arms with CBT plus medication 
demonstrated a higher response rate 
(54.8%) than a medication switch alone 
(40.5%), with no difference in response 
rate between venlafaxine and a second 
SSRI

Abbreviations: CBT = cognitive-behavioral therapy, MDD = major depressive disorder, OCD = obsessive-compulsive disorder, SSRI = selective serotonin 
reuptake inhibitor.
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7 to 17 years with separation anxiety disorder, social phobia, 
or GAD were randomly assigned to sertraline, CBT, their 
combination, or pill placebo.71 All 3 active treatments were 
significantly superior to placebo. The highest response rate, 
based on a rating of much or very much improved on the 
Clinical Global Impressions-Severity of Illness scale, was 
observed in the combination treatment (81%), followed by 
both CBT alone (60%) and sertraline alone (55%), compared 
to a response rate of only 24% with placebo.72 These results 
translate into an NNT of 2 for the combination treatment 
and 3 for CBT alone, representing large effect sizes, and 4 for 
sertraline alone, representing a moderate effect size.

In the Treatment for Adolescents With Depression Study 
(TADS), 439 adolescents aged 12–17 years with moderate to 
severe depression were randomly assigned to one of 4 treat-
ments: fluoxetine with medical management, weekly CBT, 
their combination, and pill placebo (Table 2).67,73 Adoles-
cents who received fluoxetine or combination therapy had 
significant improvements in depression ratings at 12 weeks, 
whereas those receiving CBT alone did not separate from 
placebo. Response rates at 12 weeks were 71.0% for combi-
nation treatment, 60.6% for fluoxetine, 43.2% for CBT, and 
34.4% for placebo. The corresponding NNTs for response 
with combination of CBT plus fluoxetine and with fluoxetine 
monotherapy were 3 (95% CI, 2–4) and 4 (95% CI, 3–8), re-
spectively,67 large effect sizes that were much more favorable 
than the NNT of 10 in the aforementioned meta-analysis.31 

Younger and less severely/chronically ill youth who were 
less suicidal and less hopeless and who had less melancholic 
features or other comorbidities benefited more.74 Notably, 
the mean duration of the current depressive episode prior 
to randomization was as long as 70 weeks, indicating little 
likelihood of spontaneous remission in these moderately to 
severely ill teens with MDD.75 While this study demonstrated 
the key role of pharmacotherapy in the treatment of adoles-
cent MDD, the combination treatment was most successful 
acutely for a number of secondary outcomes, including 
the treatment of patients with comorbid ADHD76 and the 
reduction of suicidal events.77,78 Of note, by the end of 9 
months79,80 and 1 year81 of treatment, combination, fluoxe-
tine, and CBT responses were virtually identical, and patients 
staying in the study generally retained their benefits.

A second trial comparing pharmacotherapy and psy-
chotherapeutic intervention in pediatric depression was 
the Treatment of SSRI-Resistant Depression in Adolescents 
(TORDIA) study,82,83 which focused on more chronically 
depressed and treatment-resistant youth than TADS. This 
12-week study randomly assigned 334 adolescents aged 12 to 
18 years with MDD and lack of response to a 2-month initial 
trial with an SSRI to switch to one of 4 conditions: a differ-
ent SSRI (citalopram, fluoxetine, or paroxetine); a different 
SSRI plus CBT; an antidepressant of a different class (ven-
lafaxine); or venlafaxine plus CBT (Table 2).82 The 2 arms 
with CBT plus medication demonstrated a higher response 
rate (54.8%) than a medication switch alone (40.5%), with no 
difference in response rate between switch to a second SSRI 

or venlafaxine.82 This difference in response rates translates 
into an NNT of 7 in favor of the combination treatment over 
antidepressants alone in chronically depressed adolescents. 
TORDIA demonstrated that for adolescents with depression 
who do not respond to an initial SSRI, a switch to another 
antidepressant, combined with CBT, should be considered. 
Even if CBT is not feasible, simply changing medications 
yielded a 40.5% improvement, and within- and outside-
class switches were equally effective. However, venlafaxine 
was associated with greater increases in pulse and diastolic 
blood pressure and more frequent skin problems than other 
SSRIs.82 At 24-week follow-up, 38.9% of the 334 adolescents 
enrolled in the study achieved remission without differences 
based on initial treatment assignment.84 Response at week 
12, as well as lower baseline depression, hopelessness, and 
self-reported anxiety, suicidal ideation, and family conflict, 
mediated remission status at week 24.84 Of patients who 
responded by week 12, 19.6% had a relapse of depression 
by week 24. At 72-week follow-up, an estimated 61.1% of 
the randomized youths had reached remission, but of the 
130 remitted youth at week 24, 25.4% relapsed in the sub-
sequent year.85 Randomly assigned treatment during the 
first 12 weeks did not influence remission rate or time to 
remission, but patients assigned to SSRIs had a significantly 
more rapid decline in self-reported depressive symptoms 
and suicidal ideation than those assigned to venlafaxine.85 
Moreover, more severe depression, greater dysfunction, and 
alcohol or drug use at baseline mediated lack of remission. 
Of note, the depressive symptom trajectory in remitters 
had already separated from that of nonremitters by the first  
6 weeks of treatment.85

Antidepressant tolerability. Adverse effects in youth 
treated with SSRIs and SNRIs include 3 main categories: non-
psychiatric, psychiatric, and suicidal events. Nonpsychiatric 
adverse events, such as nausea or headache, are typically 
transient and easily managed by slowing titration or dose 
reduction.51 Psychiatric adverse events, such as switch into 
mania or “behavioral activation” (an ill-defined mixture of 
agitation, restlessness, insomnia, and affective instability) are 
less frequent, but of potentially greater importance for the 
child’s functioning. Fortunately, conversion to mania is rare, 
and behavioral activation symptoms, which are also uncom-
mon, typically respond to dose reduction.51

Suicidal events (classified as worsening ideation, an  
interrupted attempt, or an actual attempt) have become an 
adverse effect focus in antidepressant-treated youth.83,86–88 
In September 2004, an FDA Advisory Committee reviewed 
results of a meta-analysis of 24 controlled clinical trials 
of 9 antidepressants, which included approximately 4,400  
pediatric patients.89 While there were no completed sui-
cides, the cumulative risk for suicidality (suicidal thinking or  
behavior), collected as spontaneous adverse event reports, 
was approximately 4% with antidepressants versus approxi-
mately 2% with placebo. In this respect, the Bridge et al31 
meta-analysis extended the earlier report,89 identifying 
a small, but nontrivial, increase in risk of 0.7% (95% CI, 
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0.1%–1.3%), corresponding to a number needed to harm 
(NNH) of 143, which is larger, indicating lower risk, than 
the NNH of 50 identified in the earlier FDA analysis and 
the NNH of 43 in TADS. This very small and clinically un-
detectable effect is nonetheless of public health importance 
because of the large number of nonfatal suicidal events—
approximately 2 million—occurring in youth in the United 
States each year. Importantly, however, completed suicides 
are fortunately very rare, and there were no completed sui-
cides in the FDA sample of 4,400 patients, the TADS sample, 
or the Bridge et al31 meta-analyzed studies, and epidemio-
logic evidence suggests that youth with depression receiving 
antidepressants are at lower risk for death by suicide than 
untreated youth.73

In the TADS, suicidality information was systematically 
collected, both at baseline and during follow-up, and about 
30% of youth endorsed recent thoughts or behaviors related 
to self-harm before randomization, with combined treat-
ment showing a statistically significant excess at baseline.67 
During the study, all 4 treatment groups (CBT, fluoxetine, 
their combination, and pill placebo) led to a systematically 
assessed decrease in suicidality, although fluoxetine demon-
strated the smallest reduction.67 To our knowledge, this is 
the only high-quality examination of ideation as contrasted 
to events, which shows that the impact of medication is not 
only on behavior. With respect to suicidal events, data from 
the TADS indicate that adding depression-specific CBT to 
fluoxetine eliminates the fluoxetine-associated risk for sui-
cidal events specifically and psychiatric adverse events more 
generally.73 In both instances, the risk from fluoxetine alone 
was double that for combined treatment, which was equiva-
lent to those for CBT and placebo.67,73 Of note, the NNH 
for suicidal events in the POTS, RUPP Anxiety, and CAMS 
trials was at infinity; that is, there were no suicidal events 
in these studies, indicating that the risk is largely confined 
to MDD trials. An examination of those trials (buttressed 
by the CAMS finding) that used sertraline as the active 
treatment found the same result.87 In addition, the risk for 
a suicidal event in female subjects was about twice that for 
males, and adolescents were at higher risk than children, 
suggesting that depressed female adolescents represent the 
highest risk group.

Taken together, these studies identify a positive benefit-
to-risk ratio for short-term treatment with SSRI or SNRI 
medication in adolescents and, perhaps, children with MDD 
and in patients of all ages with anxiety and OCD. Despite 
a large number of negative industry-sponsored trials, it is 
highly likely that the positive risk-benefit ratio is a class effect 
for both benefits and adverse events in patients treated with 
SSRIs and SNRIs. Adding CBT to medication management 
substantially enhances benefits and minimizes adverse events 
of most types. While supporting data are not definitive, the 
reduction in suicidal events in depressed teens obtained by 
adding CBT to medication is quite striking. Withholding 
medication is clearly not a reasonable solution. The 25% re-
duction in prescriptions or antidepressants that accompanied 

the black box warning was associated with a 25% increase in 
completed suicide rate,90 presumably because these medica-
tions effectively treat depression and consequently reduce 
depression-associated mortality from suicide.91

Antipsychotics
On the basis of the broadened use of second-generation 

antipsychotics (SGAs), in particular, antipsychotic pre
scribing has increased substantially in youth.10,11 This fact 
has increased the importance of scrutinizing the efficacy 
and safety of antipsychotics in youth across different in-
dications. The debate about antipsychotic prescribing in 
children and adolescents has been fueled by the fact that 
antipsychotics are being used largely for nonpsychotic dis-
orders and off-label indications9,10,13; by disagreement about 
the validity of psychiatric diagnoses during childhood, par-
ticularly bipolar disorder6,92; by concerns about a possible 
lack of psychosocial interventions and their replacement 
by antipsychotics, especially for the treatment of disruptive 
and aggressive spectrum disorder93,94; and by reports about 
more frequent and more severe antipsychotic adverse ef-
fects that can have long-term psychological and physical 
health implications when occurring during critical phases 
of development.95,96

However, as concerns about antipsychotic prescribing 
in youth have increased, so has the controlled database for 
antipsychotics in youth with schizophrenia, bipolar mania, 
and autistic disorder.97 These studies, mostly completed in 
the last 5 years, have been the basis for the FDA approval 
of the 4 most prescribed SGAs in youth. As of April 2011, 
aripiprazole, olanzapine, quetiapine, and risperidone have 
FDA-approved pediatric indications for bipolar mania (age 
10–17 years; olanzapine: 13–17 years) and for schizophre-
nia (age 13–17 years). Moreover, paliperidone was also just  
approved by the FDA for adolescents with schizophrenia 
aged 13 to 17 years. In addition, aripiprazole and risperidone 
have an indication for irritability/aggression associated with 
autistic disorder (age 6–17 years), and controlled trial data 
exist for disruptive behavior disorders (mostly with risperi-
done) and tic disorders.98

Efficacy in pediatric schizophrenia/psychosis. More  
recently, after the sole availability of a few older, small, and 
underpowered active-controlled trials with first-generation 
antipsychotics, one of which included a placebo arm with 
8 to 15 patients in each treatment arm,3 7 randomized, 
placebo-controlled antipsychotic trials have been completed 
in patients with pediatric schizophrenia.99,102,136,139,140

In one 6-week, international, multisite, placebo-
controlled trial each (N = 107 to 302 per study), aripiprazole 
(10 mg or 30 mg),139 olanzapine (2.5–20 mg),136 quetiapine 
(400 mg or 800 mg),99 paliperidone (1.5 mg, 3 mg or 6 mg 
[dependent on weight] and 6 mg or 12 mg [dependent on 
weight]),102 and risperidone (1–3 mg or 4–6 mg)140 were 
all superior to placebo in adolescents (aged 13–17 years) 
regarding the primary outcome, the change in the PANSS 
total score (Figure 1). In an additional trial, risperidone 
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(1.5–6 mg) was superior to a pseudoplacebo of risperidone 
(0.15–0.6 mg).101 By contrast, paliperidone (1.5 mg and 6 mg 
or 12 mg [dependent on weight]) did not separate from pla-
cebo, but response rates were significantly superior in both 
the medium- and high-dose arms.102 Moreover, according to 
data available to date, one trial comparing ziprasidone with 
placebo (40–80 mg/d target dose in patients weighing < 45 kg 
and 80–160 mg in the others; see Figure 1) was discontinued 
by the sponsor due to lack of efficacy as determined in an 
interim analysis that revealed significant regional differences 
with higher placebo response rates in South America and 
Asia than in the United States and Europe.100,138 Of note, 

the only studies/dose arms that failed in pediatric schizo-
phrenia had a weight-based dosing schedule. Pooled NNTs 
based on the response rates for each of these SGAs ranged 
from 4 with risperidone to 10 with quetiapine, translating 
into moderate to small effect sizes, which were statistically 
significant except for olanzapine, which included the fewest 
participants (Figure 2).

In all, 7 head-to-head trials compared antipsychotics 
in youth with schizophrenia or psychosis.3,103–105 Across 
these active-controlled studies with modest sample sizes 
per treatment group (ranging from 11–42) and short dura-
tions (4–8 weeks), no differences in efficacy were observed 

Figure 1. Improvement in PANSS Total Score From 7 Randomized, Placebo-Controlled Trials in Pediatric Patients With 
Schizophrenia (aged 13–17 y)a
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Figure 2. Study-Defined Response Rates in Pediatric Patients With Schizophreniaa
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among nonclozapine antipsychotics.3,103–105 This includes 
investigator-initiated and federally funded, active-controlled 
trials, all showing that symptom response was not signifi-
cantly different between olanzapine and risperidone,103,104 
between olanzapine or risperidone and haloperidol103 or 
molindone,104 or between olanzapine and quetiapine.105 By 
contrast, in small-scale studies with only 10 to 21 patients 
per treatment group, lasting between 6 and 12 weeks, clo-
zapine was superior to haloperidol,106 standard dosing of 
olanzapine,107 or “high-dose” (up to 30 mg) olanzapine,108 
with an NNT of 3 for response in the latter study, repre
senting a large effect size.

Efficacy in pediatric bipolar I dis-
order with manic or mixed episode. 
Eight, mostly recent, RCTs demon-
strated efficacy of SGAs in pediatric 
patients with bipolar I mania. Five 
RCTs in youths (aged 10–17 years) 
showed superior efficacy of antipsy-
chotic monotherapy compared to 
placebo regarding reduction in the 
Young Mania Rating Scale (YMRS) 
score.26 In 1 international, multi-
site, placebo-controlled trial each, 
lasting either 3 weeks (olanzapine, 
risperidone, quetiapine) or 4 weeks 
(aripiprazole, ziprasidone), aripipra-
zole (10 mg or 30 mg),141 olanzapine 
(2.5–20 mg),142 quetiapine (400 mg or 
600 mg),143 risperidone (0.5–2.5 mg or 
3–6 mg),144 and ziprasidone (20–160 
mg)145 were all superior to placebo in 
children and adolescents (age 10–17 
years; 13–17 years for olanzapine) 
regarding the primary outcome, the 
change in the YMRS total score (Fig-
ure 3).26 In pediatric bipolar I disorder 
mania, NNTs of the pooled dose arms 
for “response” (defined as at least a 
50% reduction in the YMRS total 
score) compared to placebo (Figure 
4) ranged from 3 to 4, corresponding 
to large to moderate effect sizes.

Few head-to-head studies between 
antipsychotics and conventional mood 
stabilizers have been conducted. In 1 
placebo-controlled trial, quetiapine 
(mean dose: 450 mg) added to valproic 
acid was superior in adolescents with 
bipolar I mania to valproic acid mono-
therapy.109 In 1 active-controlled trial, 
quetiapine and valproate were equally 
effective regarding the YMRS change, 
but quetiapine was superior regarding 
a 50% reduction in the YMRS score, 
and speed of response was faster with 

quetiapine.110 In an additional, recent study comparing ris-
peridone with valproic acid, risperidone was also superior to 
the mood stabilizer.111 This superiority of SGAs compared to 
mood stabilizers for pediatric mania was recently confirmed 
in a systematic review and indirect comparison of placebo-
controlled trials with either SGAs or lithium/antiepileptics.26 
However, more direct head-to-head comparator trials are 
needed, as well as those including additional nonpharmaco-
logic strategies. Moreover, the relative efficacy of 2 mood 
stabilizers compared with 1 antipsychotic is unknown. Fur-
thermore, the efficacy of SGAs for bipolar depression in 
youth is currently unclear.148

Figure 3. Improvement in YMRS Total Score From 5 Randomized, Placebo-Controlled 
Trials in Pediatric Patients With Bipolar I Disorder (aged 10–17 y)a
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Efficacy in autistic disorder. Eight RCTs in pediatric 
patients with autism spectrum disorders have been com-
pleted.112–117 In 5 adequately powered (> 30 patients), 
randomized, placebo-controlled trials, risperidone113–115 
and aripiprazole (5–15 mg116 or 5 mg, 10 mg, and 15 mg117) 
showed superior efficacy compared to placebo regarding the 
primary outcome, the irritability subscale score of the Aber-
rant Behavior Checklist (ABC), in pediatric patients with 
autistic disorder. While stereotypic behaviors improved also, 
the core deficits of verbal and nonverbal communication 
were not altered by antipsychotic treatment. The pooled ef-
fect sizes against placebo were moderate to large, ie, 0.7 to 0.8 
for risperidone113–115 and 0.5 to 0.8 with aripiprazole.116,117 
NNTs for study-defined “response” in autism spectrum dis-
orders ranged from 2 to 4 for risperidone,113–115 4 in a small 
study of 11 patients treated with olanzapine,118 and 4 to 7 in 
2 studies116,117 with aripiprazole, with greater efficacy in the 
higher dose arms in the flexible-dose study117 (Figure 5). In 
addition to the acute phase trials, in 2 placebo-controlled 
relapse prevention studies, risperidone was significantly 
superior to placebo in maintaining efficacy in the ABC  
irritability subscore.119,120 

To date, only 1 randomized study,121 by the RUPP  
Autism Network, has examined the effects of parent train-
ing added to risperidone versus risperidone monotherapy 
for maladaptive and irritable behavior. The study was con-
ducted in 124 children (aged 4–13 years) with pervasive 
developmental disorders plus frequent tantrums, self-injury, 
and aggression. In this 24-week study, risperidone plus par-
ent training resulted in a greater reduction of maladaptive 
behaviors than medication treatment alone. Moreover, ris-
peridone dose requirements were lower in the combination 
treatment group.121 While these results were encouraging, 

Clinical Global Impressions scale scores did not differ, and 
head-to-head studies of pharmacologic and nonpharmaco-
logic treatments, alone and in combination, for aggressive 
behaviors associated with autism-spectrum disorders are 
sorely needed.

Efficacy in disruptive behavior disorders. Across 8 
placebo-controlled studies in youth with aggressive behav-
iors associated with conduct disorder, disruptive behavior 
disorders, ADHD, and/or mental retardation/subaverage IQ 
superiority, all involving risperidone, the antipsychotic was 
superior to placebo regarding the study-defined response 
measure.57,122–126 Because the scales used in these studies dif-
fered, only study-defined response rates are displayed (Figure 
6),122,124,125 translating into NNTs of 2–5, representing mod-
erate to large effect sizes. In 1 additional, active-controlled 
trial, molindone was found to be as effective as thiorida-
zine for conduct disordered youth.127 Finally, risperidone 
also showed superior efficacy for relapse prevention com-
pared to placebo in 1 large, 6-month placebo-substitution 
trial.128 Although a number of RCTs found psychosocial 
and behavioral interventions to be successful for reducing 
aggressive and externalizing behaviors in youth,129,130 stud-
ies comparing antipsychotics with behavioral intervention, 
combination, and placebo are lacking. The same is true 
of studies that investigate the best sequencing approach  
between psychotropic and behavioral interventions.

Efficacy in Tourette’s disorder. Superiority of risperidone 
compared to placebo was shown in 2 randomized, placebo-
controlled trials of youths with Tourette’s disorder (N = 54), 
with either risperidone131 or ziprasidone,132 with an NNT 
of 4 for risperidone. Although a recent RCT found a be-
havioral intervention to be successful for reducing tics in 
Tourette’s disorder,133 studies comparing antipsychotics with 

Figure 5. Study-Defined Response Rates in 5 Randomized, Placebo-Controlled Trials of Pediatric Patients With Autisma

aDoses expressed as daily doses.
*P < .05 vs placebo.
**P < .001 vs placebo.
Abbreviations: ABC-I = Aberrant Behavior Checklist-Irritability subscale, ARI = aripiprazole, CGI-I = Clinical Global Impressions-

Improvment scale, OLA = olanzapine, PBO = placebo, RIS = risperidone.
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behavioral intervention, the combination of the two, and  
placebo are lacking.

Antipsychotic tolerability. Studies comparing antipsy-
chotic adverse effect rates in children and adolescents with 
those in similar studies of adults indicated that youth were 
at higher risk for developing a number of antipsychotic-
induced side effects.19,96,134–136 These included higher rates 
of sedation, extrapyramidal side effects (except for akathisia), 
withdrawal dyskinesia, prolactin elevation, weight gain, and 
at least some metabolic abnormalities.

By contrast, tardive dyskinesia137 and diabetes19,135 were 
less likely to occur in youth compared to adults. However, 
this finding is likely due to the short follow-up periods in 
youth and presence of an accumulated risk and added lag 
time in adults, raising concerns about a potential shortening 
of the time until these long-term complications occur when 
antipsychotic treatment is initiated during childhood.

In the era of first-generation antipsychotic use, extra-
pyramidal side effects and tardive dyskinesia were the 
predominant adverse effect concerns with first-generation 
antipsychotics.137 Since the introduction of SGAs (ie, clo-
zapine, risperidone, olanzapine, quetiapine, ziprasidone, 
aripiprazole, paliperidone, iloperidone, asenapine, and  
lurasidone [in order of introduction into the US market]), 
concerns about neuromotor side effects have largely been 
replaced by worries about cardiometabolic side effects, 
such as weight gain and dysregulation of the lipid and glu-
cose homeostasis.19,25,96 Recent studies suggest that youth 
are more prone to rapid and significant weight gain with 
antipsychotics, and that this weight gain extends to anti-
psychotics that in adults are generally considered weight 
neutral, yet that the metabolic effects vary across antipsy-
chotics despite ubiquitous elevation in all body composition 
parameters with all studied SGAs.96 Although more research 

is needed, this suggests that weight-independent, direct 
metabolic effects seem to exist that vary across individual  
antipsychotics. Long-term studies of general antipsychotic 
tolerability and, especially, cardiovascular and metabolic 
outcomes are needed. Finally, efforts are required at increas-
ing appropriate monitoring and management of adverse 
antipsychotic effects in youth.

FUTURE DIRECTIONS AND CONCLUSIONS

Although considerable progress has been made, especially 
relative to the previous abundant absence of randomized 
controlled trial data, pediatric psychopharmacology still 
remains a stepchild of adult pharmacology, and more,  
larger, and longer studies need to be funded and conducted 
in youth.

Areas that require further work and innovation span a 
number of priority areas summarized in Table 3. Moreover, 
the field needs stakeholders—academia, industry, the NIMH, 
the FDA, and consumer groups—to support practical clini-
cal trials and, where those are not possible, observational 
studies, conducted in generalizable treatment settings and 
patients to generate precise benefit and risk estimates of 
treatments in clinically important patient subgroups.39 
Moreover, practical clinical trials can provide a robust plat-
form to study moderators and mediators and biomarkers 
and biosignatures of treatment outcome, as well as to test the 
multistage treatment strategies utilizing dynamic treatment 
regimens that are required to achieve the goal of increasingly 
personalized treatment of psychiatrically ill youth.
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Figure 6. Study-Defined Response Rates (CGI-I ≥ much 
improved) in 3 Randomized, Placebo-Controlled Trials of 
Pediatric Patients With Disruptive Behavior Disordersa

aDoses expressed as daily doses.
*P < .05 vs placebo.
**P < .001 vs placebo.
Abbreviations: CGI-I = Clinical Global Impressions-Improvment scale, 

PBO = placebo, RIS = risperidone.

Table 3. Areas of Pediatric Psychopharmacology Research 
Requiring Further Attention
Studies including large and generalizable samples
Long-term, longitudinal studies that track therapeutic and adverse effects 

over time and relate outcomes to different stages of development
Strategies overcoming the limitations created by high dropout rates in 

long-term studies
Well-powered placebo-controlled studies
Well-powered active-controlled pharmacologic monotherapy and, 

especially, combination treatment studies
Well-powered comparative pharmacologic and nonpharmacologic 

studies, in monotherapy and in combination
Linkage of efficacy and effectiveness outcomes
Identification of meaningful and simple effectiveness measures
Identification of clinical and, especially, biological response predictors 

that would allow for an individualization or, at least, stratification of 
treatment based on baseline or early intratreatment variables

Broader-based utilization of novel technologies, eg, electronic medical 
record and centralized video rating in remote, diverse, nonacademic 
settings

Utilization of increasingly sophisticated biological assessments, including 
“omics” platforms

Increasing use of adaptive designs, smart trials, research networks, and 
large registries

Dissemination and application of research findings into measurement-
based, evidence- and guideline-driven assessment and treatment 
delivery in clinical practice settings

Increasing linkage of basic, clinical, and services research initiatives, 
involving a number of translational steps that will ultimately help to 
improve the diagnosis, treatment, and outcomes of youth with severe 
psychiatric conditions
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In conclusion, while especially the last decade has seen a 
large increase in our knowledge about the safety and efficacy 
of psychopharmacologic treatments in youth, a number of 
challenges remain to be addressed, and more work is clearly 
needed. It is hoped that in 10 years, the field will have been 
able to acquire and utilize the necessary resources to pro-
pel the area of pediatric clinical psychopharmacology to 
new levels of insight by linking it with, but not replacing 
it by, pharmacoepidemiologic or biological approaches and 
advances.

Drug names: aripiprazole (Abilify), asenapine (Saphris), atomoxe-
tine (Strattera), citalopram (Celexa and others), clonidine (Catapres, 
Duraclon, and others), clozapine (Clozaril, FazaClo, and others), flu-
oxetine (Prozac and others), fluvoxamine (Luvox and others), guanfacine 
(Intuniv, Tenex, and others), haloperidol (Haldol and others), iloperidone 
(Fanapt), lithium (Lithobid and others), lurasidone (Latuda), methyl-
phenidate (Focalin, Daytrana, and others), mirtazapine (Remeron 
and others), molindone (Moban), olanzapine (Zyprexa), paliperidone 
(Invega), paroxetine (Paxil, Pexeva, and others), quetiapine (Seroquel), 
risperidone (Risperdal and others), sertraline (Zoloft and others), val-
proic acid (Depakene, Stavzor, and others), venlafaxine (Effexor and 
others), ziprasidone (Geodon).
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Geriatric Psychopharmacology: 
Evolution of a Discipline

Barnett S. Meyers, MD, and Dilip V. Jeste, MD

The development of geriatric psychopharmacology 
was built on advances in geriatric psychiatry nosology 
and clinical pharmacology and on increased investment 
in aging research by the National Institute of Mental 
Health and by academic institutions. Application of the 
US Food and Drug Administration’s geriatric labeling 
rule provided further impetus. Developments in the 
knowledge about 3 principal classes of medications 
(antidepressants, antipsychotics, and treatments for 
Alzheimer’s disease) illustrate the trajectory of geriatric 
psychopharmacology research. Nonetheless, the loss of 
information about age effects that has resulted from ap-
plying age exclusion criteria in studies limited to either 
younger adults or geriatric patients is regrettable. An-
tidepressant trials have moved from studying younger 
and medically well “geriatric” samples to focusing on 
“older old” persons and those with significant medical 
comorbidity including coronary artery disease, cerebro-
vascular disease, and dementia. Increased specificity 
is reflected in studies of relationships between specific 
neuropsychological deficits, specific brain abnormali-
ties, and antidepressant responsiveness. Clinical trials 
in older adults have demonstrated that the efficacy of 
antipsychotic medications continues across the lifespan, 
but that sensitivity to specific side effects changes in 
older age, with poor tolerability frequently mitigating 
the benefits of treatment. Treatments for Alzheimer’s 
disease have fallen within the purview of geriatric psy-
chopharmacology. The research focus is increasingly 
shifting from treatments to slow the course of cognitive 
decline to studies of early diagnosis and of interven-
tions designed to prevent the development of deficits 
in vulnerable individuals. The importance of geriatric 
psychopharmacology will grow further as the average 
lifespan increases all over the world.
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and funding mechanisms within the National Institute of 
Mental Health (NIMH) to develop academically based 
investigator-scholars in geriatric mental health; and (4) the 
increasing awareness of the “graying of America,”6 the call 
to address this “demographic imperative” by augmenting the 
knowledge base in geriatrics at academic centers,7 and an 
increasing focus on geriatric mental illness.8 Applied to the 
disciplines of pharmacology and therapeutics, these events 
led to the development of scientists and programs of study 
devoted to investigating disorders of later life and the ef-
ficacy and tolerability of medications in geriatric patients. It 
can be argued that focused geriatric studies might have had a 
paradoxical effect of limiting our ability to identify aging ef-
fects. Specifically, our ability to determine the contributions 
of factors related to chronological aging has been limited 
by the segregation of studies of older adults from those of 
younger samples. A broadening of age inclusion criteria in 
psychopharmacology studies supported by industry and the 
NIMH would be required to more precisely identify aging 
effects on efficacy and tolerability.

A decade passed before these NIMH investments bore 
fruit. Sufficient information was available in the 1980s to 
support the launch of peer-reviewed journals devoted  
to geriatric psychiatry, such as International Journal of  
Geriatric Psychiatry in 1985, International Psychogeriatrics 
in 1989, and the US-based American Journal of Geriatric 
Psychiatry in 1993. The development of a knowledge base 
also led to the publication of early textbooks of geriatric 
psychopharmacology,9–12 including the first of 4 editions of 
a textbook devoted to clinical geriatric psychopharmacol-
ogy.13 The historical forces that contributed to our current 
knowledge can be best understood by reading the too-often 
overlooked introduction sections of geriatric psychiatry texts 
that review the evolution of the discipline.14

This article provides a historical overview of developments 
that contributed to advances in geriatric psychopharmacology 
followed by a description of the trajectories of research ad-
vances in 3 principal classes of medications: antidepressants, 
antipsychotics, and medications used to treat Alzheimer’s 
disease. An exhaustive review of developments in all classes 
of medications or of each medication in the classes discussed 
is beyond the scope of this review. We focus on prototypical 
medication classes to describe the trajectory of research in 
geriatric psychopharmacology generally.

Changes in the FDA Drug Approval and Labeling Process
To obtain FDA approval for standard indications, indus-

try trials typically focus recruitment on patients who would 

The history of geriatric psychopharmacology can be best 
understood in relationship to 4 parallel developments 

that occurred during the last quarter of the 20th century: 
(1) the development and publication of standardized criteria 
as a foundation for reliable psychiatric diagnosis during the 
1970s1–4; (2) the identification, study, and subsequent US 
Food and Drug Administration (FDA) approval of medi-
cations to treat the indications of psychiatric syndromes 
and disorders5; (3) the development of an infrastructure 
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be at the greatest likelihood of benefiting from a medication 
and are at lowest risk for suffering adverse events. Therefore, 
phase 3 studies did not typically include either geriatric pa-
tients or patients with significant medical comorbidity to 
minimize the risk for adverse outcomes. The “geriatric use” 
rule of 199715 required industry to provide supplemental 
data on specific classes of medications used to treat geriatric 
patients. “Psychotropic medications” were included among 
the classes covered by the geriatric use rule. The conceptu-
alization of geriatric patients as a “special population” that 
required additional empirically derived labeling instructions 
for drug approval required industry to specifically study the 
effects of older age on a medication’s pharmacologic proper-
ties. Nevertheless, application of the geriatric use rule does 
not require the inclusion of statistically meaningful numbers 
of older adults or patients with aging-related medical co-
morbidity in phase 3 studies. Meaningful data on geriatric 
use would require the inclusion of a broad and representative 
age range of subjects in single studies or meta-analyses that 
addressed age effects across mixed-aged adult and geriatric 
studies. Such data remain unavailable. Also, the requirement 
for geriatric labeling does not specifically address psycho-
pharmacologic issues related to significant comorbidity that 
challenge geriatric psychiatrists.

Applications of Advances in Psychopharmacology to 
Geriatric Psychopharmacology

Although this review focuses on geriatric psychophar-
macology, the discussions of specific medication classes 
have been informed increasingly by parallel developments 
in pharmacologic research. Geriatric psychopharmacology 
has benefited from discoveries ranging from the identifica-
tion of neurotransmitters and their physiologic effects to 
developments in our understanding of pharmacodynamic 
effects and pharmacokinetic processes. For example, the 
development of an assay to assess the cumulative serum 
anticholinergic activity associated with medication use16 
was followed by the correlation of increased activity with 
anticholinergic side effects in geriatric patients.17 Similarly, 
evidence that aging is associated with decreased dopamine 
functioning in corticostriatal pathways18 explained the as-
sociation between older age and the increased prevalence of 
both extrapyramidal symptoms and tardive dyskinesia that 
had been observed with treatment using conventional anti-
psychotic medications.19,20 Despite aging-related decreases 
in renal and hepatic function, the “pharmacokinetic assump-
tion” that aging would result in high concentrations of most 
psychotropic medications has not been supported empiri-
cally.21 An aging-related slowing of demethylation required 
for the metabolism of medications such as diazepam and the 
tertiary amine tricyclic antidepressants (TCAs) stands as the 
major exception to the absence of clinically significant age ef-
fects on drug metabolism.22 The dearth of pharmacokinetic 
studies that include a broad age range continues to limit our 
knowledge of both the pharmacodynamic and pharmaco-
kinetic effects of aging and has contributed to the hope that 

population pharmacokinetics will clarify the effects of aging 
on medication effects.23,24

Definition of Geriatric
As noted above, the inclusion of physically healthy partic-

ipants over the age of 60 in efficacy studies does not address 
either the efficacy or the tolerability of medications in pa-
tients with comorbid medical conditions that are commonly 
seen in older persons. Also, defining geriatric on the basis 
of chronological age fails to capture both the nonlinearity of 
changes in physiologic processes and the increased biologic 
heterogeneity that is associated with aging.25,26 The stan-
dard “geriatric” cutoff age of 65 years or older is arbitrary 
and evolves out of regulatory definitions rather than em-
pirical studies of the aging process. It is not surprising that 
the earliest geriatric studies included the “lowest-hanging 
fruit,” ie, younger ambulatory patients. Thus, the seminal 
acute and maintenance antidepressant trials conducted in 
the 1980s by Georgotas and colleagues recruited medically 
well outpatients and applied an inclusion criterion of age 55 
or older.27–29 Early reviews30 pointed to the need for random-
ized controlled trials (RCTs) of antidepressants in the older 
old to guide treatment of “truly” geriatric patients. As dis-
cussed in later sections, recent studies have focused on more 
“geriatric” questions; this has included requiring age 70 or 
above for inclusion and studying the efficacy of medications 
in patients with comorbid conditions.30

ANTIDEPRESSANTS

Efficacy for Major Depression
Early NIMH-supported RCTs demonstrated the efficacy 

of both nortriptyline and phenelzine for the acute and con-
tinuation treatment of geriatric depression.27,28 Although a 
small-sample early report failed to demonstrate the efficacy 
of nortriptyline for maintenance therapy,29 results from an 
extension of this trial were positive,31 but never published 
because of the premature death of Dr Anastasios Georgotas, 
the lead investigator. Subsequently, a large-scale NIMH trial 
demonstrated the clear superiority of nortriptyline main-
tenance for recurrent geriatric depression among patients 
60 and older.32 By 1994, a sufficient number of controlled 
studies demonstrating efficacy and tolerability were available 
for the NIMH Consensus Development Conference to rec-
ommend secondary amine TCAs as the first-line treatment 
among TCAs for geriatric depression.33

The FDA approval of fluoxetine in 1987 was followed 
by approval of other medications in the selective serotonin 
reuptake inhibitor (SSRI) class. Eli Lilly received a specific 
indication for fluoxetine as a treatment for major geriat-
ric depression in 1999 based on statistical separation from 
placebo in a large-sample trial.34 Although approvals for  
the treatment of geriatric depression have not been obtained  
for other SSRIs, completion of acute and continuation/ 
maintenance trials in older adults has become standard during 
the development of new antidepressants. A sufficient number 
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of trials have been completed for the publication of meta- 
analysis demonstrating that second-generation antidepres-
sants are effective35 and have an efficacy that is comparable 
to that of TCAs, although side effect profiles tend to favor  
SSRIs over the classical TCAs.36,37 Poorer tolerability to 
TCAs among older adults results, in part, from aging-related 
increases in sensitivity to the anticholinergic and α1-blocking 
properties of these medications. These changes in pharma-
codynamic sensitivity are thought to mediate aging-related 
increased risks for orthostatic hypotension and falls associ-
ated with TCA treatment.21

Efficacy in the Older Old
The trial conducted by Roose and colleagues38 in “old-

old” patients addressed the dearth of efficacy in data in 
older geriatric patients by applying an inclusion criterion 
of age 75 and above. Although results on the primary out-
come measures were negative, secondary analyses revealed 
that more severely depressed participants and those with 
early-onset depression were more likely to benefit from the 
antidepressant. These results point to the heterogeneity of 
geriatric depression and indicate that neuropsychological 
factors and underlying aging-related changes in brain struc-
tures may diminish the efficacy of antidepressants.39,40 The 
finding by Reynolds et al41 that comorbid anxiety and the 
severity of medical comorbidity moderated the efficacy of 
SSRI maintenance treatment in patients 70 and older added 
to knowledge about how aging-related factors moderate  
antidepressant efficacy.

Efficacy in Psychotic Depression
Early studies in the United Kingdom42 and United States43 

reported that approximately 45% of older adults hospitalized 
for depression have associated delusions. Trials of antide-
pressants demonstrating that delusional depression was 
associated with a poor response to classical TCAs44–46 were 
followed by the observation that older patients with delu-
sional depression had a 2-fold greater 1-year mortality than 
patients with nondelusional major depression.47 Although 
an early RCT demonstrated the efficacy of combining a 
TCA with a conventional antipsychotic in younger adults,48 
the first RCT of combination treatment in geriatric patients 
with psychotic major depression was negative.49 A recent 
RCT of delusional depression using high doses of the better-
tolerated SSRI class of antidepressants in combination with 
an atypical antipsychotic demonstrated comparable efficacy 
in young adults and older participants, who comprised more 
than 50% of the sample.50

Depression Associated With Comorbidity
Conceptualization of comorbidity rather than chronologi-

cal age as central to the definition of geriatric stimulated RCTs 
conducted in depressed patients with comorbid conditions. 
Early approaches to depression with medical comorbidity 
used stimulants, such as methylphenidate, to improve non-
specific symptoms, including anergy, lack of motivation, and 

fatigue. Despite open trials suggesting that psychostimulants 
may improve symptoms associated with debilitation51 and 
“negative symptoms” in patients with dementia,52 RCTs have 
not demonstrated efficacy among patients who meet criteria 
for major depression.53

Most antidepressant trials in patients with Alzheimer’s 
disease and major depression have been negative,54 which has 
been attributed to high placebo response rates, instability of 
depressive symptoms in dementia patients, and insensitivity 
of symptoms caused by dementia to antidepressant effects.55 
Provisional diagnostic criteria have been proposed to better 
capture the major depression that occurs in association with 
Alzheimer’s disease.56,57 Nevertheless, the validity of these 
criteria must be established and reliable scales for assessing 
depression in these patients must be developed before the 
sensitivity of depression in dementia to antidepressants can 
be meaningfully assessed.

The past decade has seen an increasing focus on in-
vestigating whether specific types and locations of central 
nervous abnormalities moderate responsiveness to antide-
pressants. Studies of specific neuropsychological deficits and 
associated underlying neuropathology have been promis-
ing. The construct of “vascular depression” was developed 
to describe major depression associated with particular clini-
cal characteristics, including apathy, excess disability, and 
impairment in executive functioning.58 A similar clinical 
syndrome was contemporaneously described among older 
patients with major depression associated with diffuse white 
matter hyperintensities attributed to small vessel cerebro-
vascular disease.59 Studies of geriatric depression associated 
with executive functioning have demonstrated that patients 
with impaired executive function performances have both 
diminished antidepressant response60,61 and pathology in 
white matter tracts in corticostriatal pathways.62,63 Further 
analysis of the data from the study of the “old-old”38 comple-
mented these findings by demonstrating that the size of drug- 
placebo differences had been diminished in the RCT because 
of negative interaction between the SSRI and the presence 
of executive impairment among participants.64 Parallel 
findings were reported from an RCT of magnetic resonance 
imaging–defined vascular major depression, which demon-
strated that the presence of white matter hyperintensities and 
executive impairment independently predicted a diminished 
antidepressant response to the SSRI.65 Thus, the trajectory of 
geriatric antidepressant trials has moved from examining the 
nonspecific construct of chronological age to demonstrating 
the moderating effect of specific neurobiological factors on 
response to antidepressants.

Studies of the relationships between both recent cerebro-
vascular accidents66 and coronary artery disease (CAD)67 
with depression have demonstrated a higher prevalence of 
major depression in patients with these vascular disorders 
and poorer outcomes if depression is present. Antidepressant 
trials in patients with poststroke depression have demon-
strated efficacy for acute treatment with the secondary 
amine TCA nortriptyline,68,69 prophylactic efficacy of both 
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nortriptyline and escitalopram,70 and decreases in long-term 
mortality from vascular disease in patients who underwent 
a short-term course of poststroke antidepressant treatment, 
whether or not depression had been present initially.71 Trials 
conducted in patients with major depression and CAD have 
demonstrated the efficacy of antidepressants,71,72 particu-
larly in patients with more severe and recurrent forms of 
depression.4 Inclusion in these trials was based on the con-
current medical condition rather than chronological age, an 
approach consistent with emphasizing aging-related medical 
conditions rather than chronological age as moderators of 
treatment response.

ANTIPSYCHOTICS

Although antipsychotic medications are effective for 
treating bipolar mania and, in some instances, bipolar de-
pression, RCTs in geriatric patients have been limited to 
patients with schizophrenia and the psychiatric complica-
tions of dementia.

Schizophrenia
Early double-blind studies demonstrated the efficacy of 

conventional antipsychotic medications in older patients 
with schizophrenia.73–75 However, texts written as early as 
the 1970s76–78 warned that α1-, cholinergic- and histaminic-
blocking properties of low-potency medications and the 
stronger dopamine-blocking properties of high-potency 
conventional antipsychotics made older patients particularly 
vulnerable to the development of clinically significant side 
effects. Subsequent research demonstrated that both a “late-
onset” subtype of schizophrenia, which is marked by positive 
symptoms, and the positive symptoms of early-onset patients 
who have aged are responsive to conventional antipsychotic 
drugs,79,80 although lower doses are needed to treat positive 
symptoms in older patients than in younger adults.81 Studies 
of relationships between age and both the frequencies and 
types of extrapyramidal symptoms (EPS) associated with 
conventional antipsychotic treatment demonstrated that 
older patients are more likely than younger patients to ex-
perience dystonic reactions, but that antipsychotic-induced 
parkinsonism, including tremor and rigidity, is common in 
older patients.82 The increased incidence, prevalence, se-
verity, and persistence of tardive dyskinesia (TD) in older 
patients treated with conventional antipsychotic medica-
tions19,83–85 have been a major factor limiting the use of these 
medications in geriatric psychiatry. Although investigators 
have pointed out the difficulty of distinguishing between 
risks for TD conferred by chronological age and those due 
to prolonged exposure, presumed aging-related brain chang-
es81,82 and the frequency and severity of TD in older patients 
supported the replacement of conventional antipsychotics 
with atypical antipsychotic medications for treating older 
patients with schizophrenia.

The FDA approval of clozapine in 1989 provided the first 
atypical antipsychotic medication and a treatment associated 

with a lower risk for EPS and TD. However, clozapine can be 
particularly problematic for older patients due to increased 
vulnerability of older patients to antimuscarinic, hypoten-
sive, and sedative side effects and to the development of 
agranulocytosis during clozapine treatment.86 Therefore, clo-
zapine has been used primarily to treat psychotic disorders 
in patients who have EPS-predisposing comorbid condi-
tions, such as Parkinson’s disease and Lewy body disease, 
both of which increase their sensitivity to developing EPS 
in response to antipsychotic treatment. The small number of 
RCTs conducted with atypical antipsychotic medications in 
older patients with schizophrenia indicate that target doses 
of these medications are generally well tolerated and effec-
tive.87,88 Also, seniors treated with atypical antipsychotics 
have demonstrated greater adherence and lower risk of TD 
than those who receive conventional agents.89,90

Older age is known to be associated with an increased 
prevalence of both obesity and type II diabetes, diminished 
glucose tolerance, and hyperlipidemia even in the absence 
of antipsychotic medication treatment. Nonetheless, con-
cerns about metabolic side effects of atypical antipsychotic 
medications may limit their use in older patients.91,92 The 
exclusion of a comparison group of older patients from most 
controlled studies of schizophrenia, including the Clinical 
Antipsychotic Trials of Intervention Effectiveness (CATIE),93 
has precluded systematic analysis of how older age affects 
the incidence or severity of metabolic abnormalities during 
atypical antipsychotic treatment. However, a 12-week trial of 
olanzapine in psychotic depression demonstrated that young 
adults and participants 60 years and older had statistically 
significant and comparable elevations in triglycerides and 
cholesterols over a 12-week period.50 While available data 
support the use of atypical antipsychotic medications in 
older patients with schizophrenia, sound practice dictates 
regular monitoring of metabolic parameters and interven-
tions to address metabolic abnormalities that develop.

Antipsychotic Treatment of the  
Psychiatric Complications of Dementia

Agitation and psychotic symptoms are common in 
Alzheimer’s disease, with prevalence estimates ranging be-
tween 30% and 70%.94–96 The demonstration of untoward 
consequences of these psychiatric complications, including 
earlier institutionalization97 and increased caregiver bur-
den,98 supported assessing the efficacy of interventions to 
reduce psychiatric comorbidity. Conventional antipsychotics 
were prescribed to treat these complications, but meta-
analysis and systematic reviews demonstrated only modest 
benefits.99,100 A small RCT with haloperidol demonstrated 
the importance of appropriate dosing and careful monitor-
ing to keep patients within the narrow therapeutic window 
associated with clinical improvement without problematic 
EPS.101 Epidemiologic evidence of a relationship between 
psychotropic medications and incidence of hip fractures 
among nursing home residents102 changed the treatment of 
psychiatric complications of dementia and increased the role 
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of geriatric psychiatrists in long-term care. Demonstration 
of a dose-dependent hip fracture risk and the subsequent 
finding that the intensity of pharmacotherapy administered 
to nursing home residents was predicted by the size of the 
primary care physicians’ practices rather than by identifiable 
patient characteristics103 led to federal legislation to regu-
late prescribing of psychopharmacologic agents in facilities 
that treat Medicare recipients. State inspection agencies wel-
comed the involvement of geriatric psychiatrists as nursing 
home consultants to monitor psychotropic prescribing to as-
sure that residents were not treated with legislatively defined 
“unnecessary medications” or doses.

The introduction of atypical antipsychotic medications in 
the 1990s was associated with industry’s conducting RCTs to 
test the efficacy of second-generation compounds that would 
avoid the problems of sedation and orthostatic hypotension 
associated with low-potency conventional agents and the 
EPS associated with high-potency agents. Positive placebo-
controlled RCTs with both risperidone104 and olanzapine105 
were reported, with both dose-finding placebo-controlled 
studies again demonstrating the presence of a narrow thera-
peutic dosing window for older patients with dementia. The 
CATIE Alzheimer’s trial106 compared the effectiveness of 3 
atypical antipsychotic medications to placebo for psychiatric 
complications of dementia using time to discontinuation due 
to either lack of efficacy or poor tolerability as the primary 
outcome measure. Although the times to discontinuation 
due to lack of efficacy were longer among participants ran-
domized to both olanzapine and risperidone than in subjects 
who received placebo, this greater efficacy was “offset” by the 
higher discontinuation rate among subjects who received ac-
tive medication.106 CATIE Alzheimer’s trial results highlight 
the importance of monitoring patients to determine rela-
tive benefits versus risks of antipsychotic treatment and of 
considering nonpharmacologic interventions to manage psy-
chiatric symptoms associated with dementia. A subsequent 
analysis of pooled data across many atypical antipsychotic 
RCTs demonstrating a greater mortality rate among patients 
who had received active medication than those who had been 
randomized to placebo107 led to an FDA black box warning 
and the end of industry-supported trials of atypical antipsy-
chotic medications in dementia patients. In view of these 
safety concerns, an APA consensus statement on the treat-
ment of Alzheimer’s disease108 and an American College of 
Neuropsychopharmacology White Paper109 were published 
to evaluate the risk:benefit ratio for using atypical antipsy-
chotics to treat psychiatric complications of dementia.

Research into treating the behavioral complications of 
dementia has been further limited by the absence of stan-
dard criteria for defining constructs such as agitation and 
of tools to assess severity. The FDA pointed out that “agita-
tion” cannot be considered an approvable indication until 
consensus diagnostic criteria and reliable assessment tools 
are developed.110 In contrast, the publication of criteria for 
the psychosis of Alzheimer’s disease111 led to FDA approval 
of this indication, although the greater mortality risk with 

atypical medications is an obstacle to the use of those drugs 
for this syndrome.

ALZHEIMER’S DISEASE TREATMENTS

Studies of Alzheimer’s disease treatments have increasingly 
fallen within the purview of geriatric psychopharmacology. 
Early treatments were both nonspecific and largely ineffec-
tive. Dihydroergotoxine, a vasodilator with mild monamine 
oxidase inhibitor properties, was approved for treatment of 
“senile mental decline” in the 1970s, which was consistent 
with the then-prevalent assumption that underlying vascular 
disease played a pathogenic role in late life–onset dementias; 
however, benefits of dihydroergotoxine were minimal, and 
trial results are difficult to interpret because standardized 
diagnostic criteria and reliable assessment tools were not 
available.112 

Laboratory studies of brains of patients with Alzheimer’s 
disease in the late 1970s demonstrated that concentrations 
of brain acetylcholine (ACh) were correlated with both the 
severity of cognitive impairment and the numbers of senile 
plaques in dementia patients.113 These findings were followed 
by the demonstration of degenerated cholinergic pathways in 
Alzheimer’s disease,114,115 leading up to the hypothesis that 
deficiency in ACh was central to the cognitive impairment 
of Alzheimer’s disease.116 Initial attempts to supply damaged 
neurons with choline, a precursor of the neurotransmitter 
ACh, were both impractical and ineffective. Subsequent 
studies that attempted to slow the metabolism of available 
ACh led to the development of the cholinesterase inhibitor 
class of antidementia medications. RCTs using cholinest-
erase inhibitors in systematically diagnosed patients with 
mild to moderate dementia have been largely positive in 
terms of slowing the rate of cognitive decline over a period 
of up to 2 years,117,118 with some variability in evidence sup-
porting one or another medication in this class for patients 
at specific stages of disease or with other types of dementia. 
Although donepezil has received approval for moderate to 
severe as well as mild dementia, an absence of head-to-head 
studies demonstrating the clear superiority of one agent over 
another is consistent with considering the 4 approved cho-
linesterase inhibitors as comparably effective overall. The 
use of tacrine, the first cholinesterase inhibitor approved to 
treat Alzheimer’s disease, has been limited because of a high 
risk for hepatotoxicity that is not associated with alternative 
agents. Paradoxically, demonstration of the efficacy of cho-
linesterase inhibitors in 6-month studies has discouraged the 
conduct of longer term placebo-controlled trials on ethical 
grounds. While data from the available open-label add-on 
trials suggest possible benefits from continued treatment 
with anti-Alzheimer’s medications in some patients,119 no 
definitive recommendations for continued treatment can be 
made without large-scale RCTs of longer duration.

Memantine, a partial antagonist of the N-methyl-d- 
aspartate glycine receptor, has been studied for Alzheimer’s 
disease based on the underlying theory that the excitatory 
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properties of glycine contribute to the death of damaged  
Alzheimer’s disease neurons. The 2 pivotal memantine trials 
for moderate to severe Alzheimer’s disease conducted in the 
United States were led by geriatric psychiatrists,119,120 dem-
onstrating the extension of geriatric psychopharmacology 
studies into disorders involving structural brain disease.

Alzheimer’s disease investigators have recognized that 
the effective treatment must occur early, before neurons are  
irreversibly damaged by the deposition of abnormal amyloid 
and tau protein. The demonstration that radioligand imag-
ing identifies abnormal brain amyloid deposits in patients 
with mild Alzheimer’s disease121,122 and recent evidence 
that abnormalities in concentrations of cerebrospinal fluid 
amyloid and phosphorylated tau predict the development 
of Alzheimer’s disease provide an early-detection founda-
tion for future interventions.123 Early interventions with 
novel pharmacologic strategies, including immunization and 
amyloid-modifying medications that are under development, 
have the potential for postponing the onset or reducing the 
risk of Alzheimer’s disease in vulnerable individuals.

Putative Cognitive Enhancers for the Psychiatric 
Complications of Alzheimer’s Disease

RCTs designed to study whether specific medications 
decrease the rate of cognitive decline in Alzheimer’s dis-
ease patients have led to secondary analyses of whether 
improvement in psychiatric symptoms is greater in partici-
pants who received active medication compared to those 
allocated to placebo. Analyses for improvement in psycho-
pathology in association with cholinesterase inhibitors124–126  
and memantine127 have generated mixed results, and  
hypothesis-driven RCTs that demonstrate the efficacy of 
putative cognitive enhancers for specific psychiatric phe-
nomena remain unavailable.

GERIATRIC PSYCHOPHARMACOLOGY: 
THE FUTURE

The impact on psychiatric disorders of physiologic 
changes associated with normal aging and of aging-related 
diseases is consistent with considering geriatric psychiatry as 
being probably the most “medical” of the psychiatric subspe-
cialties. The central role of medical issues in treating older 
psychiatric patients was used to support classifying geriatric 
psychiatry within the purview of liaison psychiatry a quarter 
century ago.128 Furthermore, geriatric psychiatry is also at 
the boundary between psychiatry and neurology. The contri-
butions of structural brain changes associated with aging and 
of aging-related brain disease to the so-called functional psy-
chiatric conditions support considering geriatric psychiatry 
as a model for integrating psychiatry, neurology, and neuro-
science129 in a combined discipline of “neuropsychiatry.”130 
For these reasons, geriatric psychopharmacology is the dis-
cipline that is best suited to study relationships between both 
general medical and neurologic conditions that are associ-
ated with aging and classical psychiatric disorders. Research 

in geriatric psychopharmacology has increasingly demon-
strated that both physical and psychosocial factors influence 
the phenomenology and treatment response of psychiatric 
disorders in later life. The trajectory of research in this arena 
has been increasingly specific. The accumulation of new data 
about how specific medical and neurologic lesions contribute 
to psychiatric symptoms allows geriatric psychopharma-
cology to ask more precise questions about moderators of 
outcome. From this perspective, geriatric psychopharmacol-
ogy has evolved into the prototypical psychiatric discipline 
for addressing questions at the boundaries between structure 
and function and between pathologic processes and psychi-
atric treatment. With the rapidly changing demographics, 
in view of the lengthening lifespan all over the world, the 
importance of geriatric psychopharmacology is expected to 
grow progressively over the next quarter century.
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historical development in the context of present challenges 
and future needs and opportunities.

EARLY BEGINNINGS AND THE ROLE OF THE  
EARLY CLINICAL DRUG EVALUATION UNITS

When the first meeting of the Early Clinical Drug Evalu-
ation Units (later, the New Clinical Drug Evaluation Unit 
[NCDEU]) took place in 1959, it had been approximately 5 
years since the introduction of chlorpromazine in the United 
States, and clinical trial methodology was in its formative 
stages.

In 1952, a French surgeon was exploring strategies to re-
duce surgical shock. He thought that antihistamines might 
be an effective approach. He noticed, however, that an anti-
histamine that he was using, chlorpromazine, had a powerful 
effect on mental state. A psychiatrist, Pierre Deniker, heard 
about these observations and decided to try chlorpromazine 
in some of his most difficult-to-manage patients. The re-
sults were remarkable. After some reluctance on the part 
of academic psychiatrists and psychologists in the United 
States to support testing of the drug, its value was demon-
strated among patients in state institutions, and ultimately 
chlorpromazine was approved by the US Food and Drug 
Administration (FDA) in 1954. By 1964, approximately 50 
million people around the world had been treated with this 
medication, and a revolution in the management of psychotic 
disorders was underway.

The somewhat serendipitous observation that chlor-
promazine had pronounced “calming” activity even in 
individuals with psychotic signs and symptoms was one of 
the great advances in 20th century medicine. Although other 
drugs (eg, reserpine) had been used with some success to 
treat psychosis,1 the safety index and overall effectiveness of 
chlorpromazine, and subsequently other dopamine receptor 
antagonists, radically changed our ability to treat schizophre-
nia and other psychotic disorders on a wide scale.

The pace of new discoveries regarding effective psycho-
tropic medications in the 1950s and 1960s was staggering. At 
the same time, tension remained between the psychodynamic 
and biologic perspectives regarding the etiology and treat-
ment of the major psychiatric illnesses. Considerable efforts 
were made to study the impact of psychotropic drugs, and in-
creasingly sophisticated methodologies were brought to bear 
as clinical trials in medicine underwent rapid development.

In 1949, the World Health Organization published the 
sixth revision of the International Statistical Classification of 
Diseases (ICD), which for the first time included a section on 

Despite treatment advances over the past decades, 
schizophrenia remains one of the most severe psy-
chiatric disorders that is associated with a chronic 
relapsing course and marked functional impairment 
in a substantial proportion of patients. In this article, 
a historical overview of the pharmacologic advances 
in the treatment of schizophrenia over the past 50 
years is presented. This is followed by a review of the 
current developments in optimizing the treatment 
and outcomes in patients with schizophrenia. Meth-
odological challenges, potential solutions, and areas 
of particular need for further research are highlight-
ed. Although treatment goals of response, remission, 
and recovery have been defined more uniformly, a 
good “effectiveness” measure mapping onto func-
tional outcomes is still lacking. Moreover, the field 
must advance in transferring measurement-based 
approaches from research to clinical practice. There 
is an ongoing debate regarding whether and which 
first- or second-generation antipsychotics should 
be used. However, especially when considering in-
dividual adverse effect profiles, the differentiation 
into first- and second-generation antipsychotics as 
unified classes cannot be upheld, and a more differ-
entiated view and treatment selection are required. 
The desired, individualized treatment approach 
needs to consider current symptoms, comorbid 
conditions, past therapeutic response, and adverse 
effects, as well as patient choice and expectations. 
Acute and long-term goals and effects of medication 
treatment should be balanced. To date, clozapine 
is the only evidence-based treatment for refractory 
patients, and the role of antipsychotic polypharmacy 
and other augmentation strategies remains unclear, 
at best. To discover novel treatments with enhanced/
broader efficacy and improved tolerability, and to 
enable personalized treatment, the mechanisms 
underlying illness development and progression, 
symptomatic improvement, and side effect develop-
ment need to be elucidated.
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This article is part of a series honoring the 50th anniver-
sary of the NCDEU Annual Meeting. This meeting has 

fostered, facilitated, documented, and disseminated a vast 
growth in our knowledge of clinical psychopharmacology 
and our ability to apply that knowledge to improving the 
lives of millions of people. We will try to put some of the 
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mental disorders.2 The first official Diagnostic and Statisti-
cal Manual of Mental Disorders was published in 1952 by 
the American Psychiatric Association (APA).3 Diagnostic 
criteria were not really specified for discrete disorders until 
the third edition of DSM,4 which attempted to improve the 
validity and reliability of psychiatric diagnosis. This, in turn, 
had enormous implications for clinical practice, clinical  
research, and drug development.

The ECDEU, which were established by the National In-
stitute of Mental Health (NIMH), served as unique platforms 
for clinical investigation. They were designed to provide 
stable funding for investigators studying new drugs. The 
Psychopharmacology Research Branch, which provided 
funding and guidance for these units, played a critical role 
in the advancement of the field.

An example of a seminal contribution by Jerry Levine, 
William Petrie, and Nina Schooler of NIMH, with colleagues 
from the Biometric Laboratory at George Washington Uni-
versity, was the first publication of the ECDEU Assessment 
Manual for Psychopharmacology in 1976.5 The development 
and testing of assessment instruments that could be dem-
onstrated to be both valid and reliable for the measurement 
of therapeutic effects on a variety of disease categories was 
a major advance.

A NEW ERA OF EVIDENCE-BASED 
PSYCHOPHARMACOLOGY AND THE ROLE OF THE 
NIMH PSYCHOPHARMACOLOGY SERVICE CENTER

In 1969, Donald Klein and John Davis published a semi-
nal work entitled Diagnosis and Drug Treatment of Psychiatric 
Disorders.6 In the introduction, they wrote, 

This simple dichotomy between medical and nonmedical 
practitioners does less than justice to the complicated therapeu-
tic scene. The medical practitioners are divided largely into 2 
polar camps: the analytical and psychological versus the organic 
and directive. The first group developed an ideology that rejects 
the use of organic treatments and directive methods as usually 
ineffective, symptomatic at best, and destructive of the growth 
potential of the patient by fostering pathological dependence. 
This stand was reinforced by the obvious ineffectiveness of most 
organic therapies, complicated by the addictive potential and 
social incapacitation often produced by sedative agents. The 
directive and organic group, on the other hand, emphasized 
short-term manipulative and symptom-relieving procedures, 
deriding or ignoring concern with the resolution of intrapsy-
chic conflict and patient maturity. Unfortunately, the positive 
contributions of both groups were obscured by their respective 
biophobic and psychophobic attitudes. One might speculate that 
the fierce adherence of each group to its methods in the face of 
the remarkable lack of systematic comparative studies attests to 
a profound insecurity as to the value of one’s procedures, dealt 
with by a compensatory evangelism.

We may be fortunate to be entering a period in which ra-
tional comparative study will become standard for therapeutic 

decision. Although clinical hunches and results of clinical ex-
perience are important factors in the termination of proper 
treatment, the findings of research studies, particularly those 
which are done with controlled double-blind technique, provide 
the behavioral scientific data for informed decision. Also impor-
tant is the evidence available on the interaction of the somatic 
therapies with other treatment forms, such as psychological 
and social therapies. This book is an initial effort to organize 
and present such material to the psychiatric practitioner for his 
critical review.

With the establishment of The National Institute of  
Mental Health Psychopharmacology Service Center, a series 
of cooperative studies led by Jonathan Cole was conducted.7 
They included both private and public hospitals and initially 
compared chlorpromazine, fluphenazine, and thioridazine 
with placebo. All 3 drugs were found to be equally effective 
and more efficacious than placebo. A second NIMH Coop-
erative Study8 compared chlorpromazine, acetophenazine, 
and fluphenazine. No specific drug showed a consistent pat-
tern of superiority across the 57 dependent variables that 
were assessed.

By 1969, when Klein and Davis published their review,6 
they identified 126 controlled studies comparing antipsy-
chotic drugs and placebo in which the medications were 
found to be more effective and 26 comparisons in which 
they were not. The authors also examined the role of dose 
adequacy and found that most of those studies that found 
chlorpromazine to be ineffective used very small doses, and 
all 23 studies that employed doses over 500 mg were positive. 
Similarly, in all studies, which were judged to be method-
ologically rigorous, the phenothiazine derivatives (and 
reserpine) were shown to be more effective than controls.

NEUROMOTOR SIDE EFFECT CONCERN

Shortly after the introduction of the phenothiazines, con-
cerns about adverse neurologic effects—first “parkinsonism” 
and subsequently tardive dyskinesia—took on considerable 
saliency. Theories as to minimum effective dosage utilized 
subtle parkinsonism as a measure of adequate dosing.9 
However, both the frequency and potential functional con-
sequences (including attendant stigma) associated with 
adverse neurologic effects became an important focus of 
attention.10–12 Given the frequency of extrapyramidal symp-
toms (EPS) and likelihood of underdiagnosis,13–15 debate 
ensued as to whether the use of prophylactic antiparkin-
sonian medication should be routinely recommended. At 
the same time, antiparkinsonian agents were associated with 
their own burden of adverse effects.

In the 1980s, the concern about tardive dyskinesia became 
even more intense with increasing medicolegal issues and 
the publication of 2 APA Task Force Reports.16,17 Ultimately, 
prospective studies began to clarify both the incidence of and 
risk factors for tardive dyskinesia. The incidence was gener-
ally found to be 5% per year of cumulative antipsychotic drug 
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exposure with first-generation antipsychotics.18,19 Increasing 
age, particularly the postmenopausal phase in women, was 
associated with higher risk, as was vulnerability to early oc-
curring extrapyramidal side effects.20

ANTIPSYCHOTIC DOSE FINDING  
AND BLOOD LEVELS IN FLUX

Phases in dosage recommendations also ensued over the 
coming decades with trials of very high doses21 and trials of 
very low doses,22 with, as usual, mixed results. In general, how-
ever, once blood levels of psychotropic drugs became widely 
available, it became apparent that very high doses provided 
no added value for the average patient and that measuring 
blood drug levels might help to some degree in explaining 
the heterogeneity of response.23 Measurement of blood drug 
levels never really caught on in routine clinical practice, and 
even now they play much less of a role in research than they 
did in the 1980s (for reasons that are not entirely clear). The 
identification of dopamine as a key neurotransmitter in the 
mechanism of action of antipsychotic drugs and the discovery 
of various dopamine receptors in specific brain regions led to 
renewed enthusiasm about finding more “rational” pharma-
cologic agents and again setting the stage for further progress 
in understanding dosage requirements and heterogeneity of 
response. A number of studies emphasized the feasibility of 
utilizing substantially lower doses in the maintenance phase  
of treatment than had been commonly employed.24,25 Interest-
ingly, the most informative studies examining dose-response 
relationships in maintenance treatment and relapse preven-
tion utilized long-acting injectable formulations. This was 
particularly important in eliminating the potential confound 
of poor or partial adherence with dosing requirements.22 Al-
though these studies emphasized the feasibility of utilizing 
lower than customary doses, they also established thresholds 
below which relapse rates increased substantially.

Concerns regarding dose-response (and dose-tolerability) 
relationships were also an important focus in evaluating 
comparative data between first- and second-generation 
antipsychotics. Although some reviews and meta-analyses 
had suggested that some of the apparent superiority of 
second- versus first-generation antipsychotics was due to un-
necessarily high dosages of first-generation medications,26 
other reviews have not supported this conclusion.27,28 It has 
been shown that even low doses of haloperidol, ie, 4 mg/d, in 
the acute treatment of chronic patients are associated with a 
significant risk of EPS.29 Moreover, in 2 recent first-episode 
studies, haloperidol treatment of 3 mg/d was associated with 
significantly greater relapse rates30 or all-cause discontinua-
tion rates31 than the second-generation comparators.

MAINTENANCE TREATMENT  
AND RELAPSE PREVENTION

In the late 1950s,32,33 investigators began to systemati-
cally examine the consequences of controlled phenothiazine 

withdrawal. It became increasingly apparent that patients 
receiving placebo experienced significantly higher rates 
of rehospitalization than patients continuing to receive 
medication.34

By 1969, Klein and Davis were already recommending 
that “all patients who have an acute schizophrenic psychosis 
should be maintained on phenothiazine, possibly with an ad-
junctive antidepressant, indefinitely.”6(p160) However, others 
did not share this view, and it took many years to establish a 
consensus as to the need for maintenance treatment, particu-
larly in the early phases of a schizophrenia illness.

The increasing concern about tardive dyskinesia in the 
1980s led to a reevaluation of the overall benefit-to-risk ra-
tio of maintenance or relapse prevention treatment. There 
were renewed efforts to establish minimum effective dosage 
and/or the value of “intermittent” or “targeted” treatment, 
all of which were intended to reduce cumulative medica-
tion exposure, with the hope of reducing the incidence of 
tardive dyskinesia. These results helped to further clarify the 
need for continuous maintenance treatment for the average 
patient and confirmed a threshold of drug activity that was 
necessary to prevent or delay relapse.35

ADDRESSING NONADHERENCE

In the 1970s, long-acting injectable fluphenazine 
enanthate and fluphenazine decanoate were approved.  
Fluphenazine decanoate ultimately became the more widely 
used agent because of better tolerability.36 This provided a 
strategy to help patients overcome the challenges of con-
sistent medication-taking in the face of a complex illness 
often resulting in poor insight and impaired cognitive func-
tioning.37,38 Despite the promise of this approach, the use of 
long-acting injectable medications never became as popu-
lar in the United States as it did in many other countries. 
However, the current availability of more and newer agents 
in long-acting formulations39 in combination with ever in-
creasing needs to control the costs associated with relapse 
and rehospitalization might yet impact utilization rates.

TREATMENT-REFRACTORY ILLNESS AND CLOZAPINE

With the development and testin g of clozapine in Europe, 
early observations suggested a novel compound had been 
developed with a qualitatively different clinical profile. 
Most clinicians were impressed with the relative absence 
of drug-induced extrapyramidal effects, although some de-
bate arose as to the incidence of akathisia. In addition, early 
observations indicated the potential of clozapine to have 
some therapeutic benefit among patients who had failed to 
respond to other agents. At the same time, a series of cases of 
agranulocytosis associated with clozapine were reported in 
Finland and elsewhere.40 This led to a delay in the further de-
velopment of clozapine in the United States. However, once 
a large clinical trial was conducted demonstrating the clear 
superiority of clozapine over chlorpromazine in treatment-
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refractory schizophrenia patients,41 the benefit-to-risk ratio 
(with the requirement for weekly blood monitoring) was 
felt to be sufficient to justify FDA approval with the nar-
row indication for treatment-resistant patients in 1990. Since 
then, the singular role of clozapine in treatment-refractory 
patients with schizophrenia has been confirmed.42

To some extent, clozapine served as a prototype and a 
stimulus for the development of other new drugs with the 
receptor-binding profiles that might replicate clozapine’s 
unique clinical attributes. This created a number of chal-
lenges, particularly in various domains of drug development 
as well as in clinical design and methodology. It might be 
said that a major focus of work in the past decade has been 
to clarify the extent to which any, some, or all of the second-
generation (sometimes referred to as atypical, a term that we 
believe has outlived its usefulness) medications are superior 
to any, some, or all of the first-generation antipsychotics.

In this context, a reemphasis on the study of dose- 
response relationships and dose equivalency between drugs 
has occurred,43 as did a partial reevaluation of the public 
health importance of drug-induced parkinsonism and tar-
dive dyskinesia.44

ATTENTION TO FIRST-EPISODE SCHIZOPHRENIA

Beginning in the mid 1980s, the field started to focus 
on patients with a first episode of schizophrenia.45 The 
increased attention on first-episode patients seemed war-
ranted in order to evaluate treatment outcomes that were 
not confounded by the effects of prior treatment, multiple 
relapses, and chronic illness. Studies revealed cognitive and 
psychosocial deficits that were present at illness onset,46 a 
long duration of untreated psychosis prior to first mental 
health contact and treatment,47 and increased sensitivity 
to medication side effects,48 but also a better treatment re-
sponse compared to more chronically ill patients.49 These 
results, representing a mixture of putative pathophysiologic 
processes and environmental effects, were greeted with ef-
forts to shorten the duration of untreated psychosis through 
outreach, which has been associated with some degree of 
improved outcomes.50

However, despite interventions during the first episode 
of schizophrenia, the overwhelming majority of patients 
was found to relapse in the subsequent years,51 with medi-
cation discontinuation significantly increasing risk, and the 
achievement of at least 2 years of concurrent symptomatic 
and psychosocial recovery has remained as low as 15%.52 
The documented low recovery rates revitalized efforts at 
testing an integrated, personalized, and evidence-based 
psychopharmacologic and psychosocial intervention pack-
age against treatment as usual in first-episode patients in 2  
parallel NIMH-funded Recovery After an Initial Schizophre-
nia Episode (RAISE) projects (http://www.nimh.nih.gov/
health/topics/schizophrenia/raise/index.shtml) to evaluate 
if the functional outcome trajectory can be modified early in 
the illness phase. In addition, as part of the move toward the 

early treatment of schizophrenia, and the response to new 
FDA incentives, the efficacy of antipsychotics has also been 
tested and validated in recent years in a series of placebo-
controlled studies in adolescents with schizophrenia.53

THE PRODROME TO SCHIZOPHRENIA:  
EARLY RECOGNITION AND PREVENTION EFFORTS

Stimulated by first-episode research and the related rec-
ognition of a symptomatic, “prodromal” phase preceding the 
first full psychotic episode, early identification and interven-
tion even during the prepsychotic illness phase became an 
area of increasing research attention beginning in the 1990s. 
The development of specific assessment tools and delinea-
tion of criteria for individuals considered at clinical high 
risk for psychosis54,55 were followed by the examination of 
conversion rates in at-risk cohorts followed naturalistically. 
However, despite initially encouraging results concerning 
the predictive validity of the psychosis risk syndrome crite-
ria, recent studies have reported declining conversion rates,56 
highlighting the need for further investigations. Through-
out a series of mostly small, randomized, controlled studies,  
several pharmacologic and nonpharmacologic interventions, 
involving omega-3 fatty acids, second-generation antipsy-
chotics, and cognitive-behavioral therapy, have been found 
to delay or prevent the onset of psychosis, at least as long as 
the active treatment was provided.57 However, recent discus-
sions of potentially including the psychosis risk syndrome in 
DSM-V have been met with criticism for fear of a high rate 
of false-positives; an overmedicalization of ill-defined and 
nonspecific psychopathology; insufficient time and train-
ing in clinical settings to utilize complex, research-based 
instruments for the identification of high-risk individuals; 
and the resultant risk of stigma and the unnecessary use of 
treatments with a potential for significant long-term side 
effects.57

COMPARATIVE EFFICACY  
AND EFFECTIVENESS OF FIRST-GENERATION  
AND SECOND-GENERATION ANTIPSYCHOTICS

With the introduction of second-generation antipsychot-
ics, findings of lower EPS burden and tardive dyskinesia risk 
were coupled with expectations of superior efficacy for posi-
tive, negative, and cognitive symptoms. Initial efficacy studies 
seemed to confirm the superiority of second-generation anti-
psychotics, but the comparator consisted predominantly of 
haloperidol, used at moderate to high doses and often with-
out anticholinergic cotreatment, which made early treatment 
discontinuation and secondary negative symptom presenta-
tions more likely in haloperidol-treated patients. Since then, 
a series of acute phase and longer-term studies have been 
completed, including large efficacy-effectiveness hybrid 
trials31,58–60 that compared first- and second-generation anti-
psychotics. These data have been evaluated and interpreted 
in a number of different ways. Interpretations include that 
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there is no difference between first- and second-generation 
antipsychotics, that second-generation antipsychotics are 
superior to first-generation antipsychotics, that some second-
generation antipsychotics are superior to either all or some 
first-generation antipsychotics, in general, or in certain effi-
cacy and/or side effect domains, or in patient subgroups that 
are not yet easily identified prior to choosing a specific agent. 
Because such a number of divergent interpretations have 
been offered, this indicates that blanket statements do not 
do justice to the complex clinical situation and database.

Taken together, the evidence seems to suggest that in re-
fractory patients, clozapine is superior to first-generation 
antipsychotics61–63 and second-generation antipsychot-
ics (although the latter was hardly confirmed by a recent  
meta-analysis,64 which was attributed to inappropriately low 
clozapine doses). Compared to first-generation antipsychot-
ics, only 3 second-generation antipsychotics (amisulpride, 
olanzapine, and risperidone) were superior based on Posi-
tive and Negative Syndrome Scale (PANSS) score change 
differences,61 but these were also the medications studied at 
a time when first-generation antipsychotics predominated, 
whereas the newer second-generation antipsychotics were 
tested mostly at a time of predominant second-generation 
antipsychotic use. While this could have introduced a cohort 
sampling bias, the differences between nonclozapine anti-
psychotics were very modest, with effect sizes as low as 0.1 
to 0.3. Similarly, differences between second-generation anti-
psychotics studied head-to-head were either nonexistent or 
also marginal, favoring in some comparisons risperidone (vs 
quetiapine and ziprasidone) or olanzapine (vs aripiprazole, 
quetiapine, risperidone, and ziprasidone), with the same low 
effect size difference of only 0.1 to 0.3.59–61 Moreover, the 
differences between second-generation antipsychotics were 
even more restricted when not analyzing mean total PANSS 
score differences, but analyzing discontinuation of medica-
tion due to inefficacy.61 Thus, differences in design, including 
active or placebo control, dosing, and sponsorship,65–67 may 
have a greater impact on efficacy outcomes than the actual 
choice of nonclozapine antipsychotics.

The CATIE [Clinical Antipsychotic Trials of Intervention 
Effectiveness] and CUtLASS [Cost Utility of the Latest Anti-
psychotic Drugs in Schizophrenia Study] studies seemed to 
suggest that there are generally no differences between second-
generation antipsychotics and first-generation antipsychotics 
in all-cause discontinuation, especially when analyzing qual-
ity of life60 and patients who had switched antipsychotics.68 
However, these conclusions have been challenged on the basis 
of insufficient sample sizes to make noninferiority claims.69 
Moreover, in first-episode samples, all-cause discontinua-
tion rates and relapse rates were significantly higher at 1 
and 2 years, respectively, with modestly dosed haloperidol 
compared to the respective second-generation antipsychotic 
comparators.31 Even in chronically ill samples, relapse rates 
were also significantly higher in first-generation antipsychot-
ics, although haloperidol doses were higher than currently 
recommended.70

The clinical effectiveness of first-generation antipsy-
chotics, a measure of objective and subjective outcomes 
encompassing symptom-based and functional effects, is 
challenged by increased acute71 and chronic72 extrapyrami-
dal side effects and related symptoms of dysphoria, compared 
to second-generation (atypical) antipsychotics. Even though 
at chlorpromazine equivalents below 600 mg/d there was 
no increased EPS rate with typical versus atypical antipsy-
chotics, at those doses, the efficacy of second-generation 
antipsychotics was superior.27 Furthermore, while masking 
of EPS can be achieved with prophylactic anticholinergic 
treatment,58 the risk of tardive dyskinesia is not reduced, but 
rather potentially increased,72 and recent data suggest that 
anticholinergic medication load is associated with decreased 
efficacy of cognitive remediation treatment.73

Ultimately, we feel that the controversy regarding the 
most likely oversimplified dichotomy between first- and 
second-generation antipsychotics has resulted in progress, 
in that it stimulated the conduct of large trials and examina-
tion of effectiveness outcomes beyond symptom reduction. 
These trials have generated new and important data, but also 
highlighted methodological challenges. These challenges in-
clude the definition of clinically meaningful endpoints, the 
effect of baseline medication and past treatment history, the 
limitation of available treatments used at a more chronic 
illness phase, and the importance of differences in acute 
and long-term adverse effects. All of these data point to the 
need for new treatments with novel mechanisms, tailored 
approaches that map onto the pathophysiology of the disease 
process (that may vary between patients and between dif-
ferent illness stages), and biologic dissection of patients into 
meaningful subgroups that can inform a stratified or, even, 
individualized treatment selection.

SHIFTING ADVERSE EVENT FOCUS  
TO PHYSICAL HEALTH

Over the last decade and coinciding with the predomi-
nant use of second-generation antipsychotics, there has been 
a shift in side effect concerns from parkinsonism and tar-
dive dyskinesia to physical health risks and outcomes.74–76  
The relevance of antipsychotic-related weight gain was high-
lighted by data suggesting that severely mentally ill patients 
die on average 25 years earlier than the general population, 
and that this is predominantly due to premature cardiovas-
cular and cerebrovascular mortality,77 both of which are 
related to weight gain, obesity, and associated metabolic 
abnormalities. Reasons for the increased prevalence of the 
cardiovascular risk factors, morbidity, and mortality in the 
mentally ill are complex, but include effects of the psychiatric 
illness and poor lifestyle behaviors, but also weight gain and 
metabolic abnormalities conferred by psychiatric treatments, 
particularly second-generation antipsychotics. For a while, 
the discussion seemed to focus on having to decide between 
a higher risk for EPS and tardive dyskinesia with first- 
generation antipsychotics and a greater risk for weight gain 
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and long-term cardiometabolic consequences with second-
generation antipsychotics. Increasingly, however, the field 
has been moving to a more differentiated view, recognizing 
that neither second- nor first-generation antipsychotics are 
homogeneous classes regarding adverse effect risk. Thus, 
although clozapine and olanzapine, 2 second-generation anti-
psychotics, are among the most weight gain–producing and 
metabolically problematic antipsychotics, the low-potency 
first-generation antipsychotic chlorpromazine is also asso-
ciated with considerable adverse cardiometabolic effects.78 
Furthermore, high- and mid-potency first-generation anti-
psychotics most likely have a similar cardiometabolic risk 
potential as low-risk second-generation antipsychotics, such 
as aripiprazole and ziprasidone, yet, in treatment-naive and 
first-episode patients, all antipsychotics, even those consid-
ered more neutral in chronic patients, are associated with 
considerable weight gain.79–81

As a result of the antipsychotic-related cardiometabolic 
effects, the traditional role of psychiatrists as health care 
providers who have little to do with the somatic well be-
ing of their patients has been challenged. The redefinition 
of the psychotropic medication prescriber and psychiatric 
health care provider as at least an orchestrator/facilitator of 
integrated medical care and as the focal point of health care 
monitoring in patients receiving medications with cardio-
metabolic impact is still in process.82 Despite the warning 
of the FDA in 2003 about the diabetes risk associated with 
antipsychotics, which was shortly followed by monitoring 
guidelines for weight, blood pressure, and fasting glucose 
and lipids in antipsychotic-treated patients,83 a series of re-
cent database and audit studies confirmed a concerning low 
rate of metabolic monitoring that in one study was similar 
to the background monitoring in a nonpsychiatric control 
population prescribed albuterol.84,85 In addition to insuffi-
cient monitoring, several studies have shown that mentally 
ill patients receive substandard medical care targeting coro-
nary heart disease risk factors in psychiatric settings86–88 
and addressing diabetes or myocardial infarction in medi-
cal settings.89,90 While patient nonadherence with medical 
appointments and interventions might contribute to this 
problem, the field needs to effectively address the subopti-
mal monitoring and management behaviors of mental and 
medical health care providers, as well as systems issues of 
fragmented care and poor access to care.

RAISING THE BAR FOR OUTCOMES

In addition to a broadened focus on physical health, 
outcomes other than symptomatic improvement have be-
come standard in the field. These include more standardized 
approaches to measuring response, remission, and recov-
ery.91–94 In addition, subjective well-being95,96 and quality of 
life,54 cognition,97–99 and psychosocial performance, includ-
ing employment,100–102 have become endpoints of interest 
and goals for patients, families, clinicians, and researchers. 
To move toward these important goals, it has become clear 

that the field needs to study and engage in the routine appli-
cation of measurement-based psychiatry, clinical and shared 
decision-making, psychoeducation, and adherence manage-
ment, as well as in the integration of rational psychosocial 
treatment elements in the often too one-sided pharmaco-
logic treatment planning.103

TARGETING INDIVIDUALIZED TREATMENT

Individualized treatment based on reliable probabilities 
of outcome for a specific patient is an important treatment 
goal. Unfortunately, this goal is still largely out of reach, due 
to the heterogeneity of patients and treatment response, 
most likely related to mostly unknown genetic, structural, 
and functional physiologic differences between patients and 
within patients over time. Efforts at increasing the predict-
ability of outcomes have included clinically driven nosologic 
and phenomenological approaches, but these have not really 
succeeded. Current approaches that do not yet have clini-
cal applicability include the use of genetics, neuroimaging, 
neurocognition, and blood- or tissue-based biomarkers and 
sets of biomarkers, also called biosignatures.104,105 Similarly, 
developments are underway to define biomarkers as surro-
gate endpoints in drug development and approval.106

However, there is a powerful clinical tool that uses the 
patients’ own response pattern to predict outcomes. This in-
traindividual test of early response/nonresponse as a predictor 
of subsequent response107,108 or of dysphoric response109 was 
studied briefly in the 1980s. As much as 15 to 20 years later, 
these findings have been revisited and expanded upon, stim-
ulated by analyses showing that, at least at a group level, the 
majority of antipsychotic response occurs within the first few 
weeks110,111 and, even, days112 after antipsychotic initiation. 
Building on these findings, a series of post hoc analyses113–117 
plus a recent prospective study118 showed that nonresponse 
at study endpoint can be predicted with high sensitivity, 
specificity, and predictive power by presence of less than a 
minimal response equivalent to less than 20% reduction in 
the PANSS119 or Brief Psychiatric Rating Scale120 total score 
at 2 weeks after antipsychotic initiation. However, having 
identified this general response pattern, questions remain 
as to whether response patterns are similar in likely more 
heterogeneous first-episode schizophrenia samples and in 
treatment-refractory patients, whether a limited set of spe-
cific symptom items that could be used in clinical practice is 
equally valid and reliable, what one can learn from symptom 
trajectories at an individual patient level, and what alterna-
tive treatments are likely to be more successful after early 
nonresponse has been identified.

CHALLENGES, UNMET NEEDS,  
AND FUTURE DIRECTIONS

A number of unmet needs and challenges exist in 
schizophrenia. These include methodological and prac-
tical problems, such as the decreasing ability to separate 
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medication effects from placebo, with resultant high rates 
of “failed” trials and/or the need to increase sample sizes. 
Unmet needs also include areas of psychopathology that are 
insufficiently impacted with currently available treatments, 
such as negative symptoms and cognitive dysfunction, as well 
as problems with adherence to treatment guidelines and the 
adoption of best clinical practices, for example by the routine 
adoption of measurement-based treatment strategies. More 
work is also needed regarding the conduct of sufficiently 
large or long-term comparative effectiveness studies; the 
identification of simple, meaningful, and measurable effec-
tiveness outcome measures; and the best ways to translate 
evidence into clinical practice. All of these areas seem to be 
amenable to incremental steps of improvement.

However, to qualitatively change outcomes in schizophre-
nia, there is a need for the detection of valid biomarkers and 
biosignatures that map onto the underlying pathophysiology 
of the disease. In this context, the discovery of mechanisms 
and predictors of efficacy and tolerability is required to guide 
the rational treatment selection. Our increasing technologi-
cal sophistication makes biomarker studies more feasible 
in an age when clinical classification might be replaced by 
genomic, proteomic, or metabolomic approaches, to name 
but a few. The resultant developments are expected to greatly 
facilitate the much needed discovery of mechanistically 
novel treatments that either work in a complementary way, 
enabling also rational combination treatments, or are par-
ticularly effective for specific symptom domains and readily 
separable subgroups of patients. The resultant new treat-
ments will hopefully speed up or increase the magnitude of 
symptom reduction across all relevant domains of schizo-
phrenia, enhance relapse prevention, and bolster efficacy 
for nonresponders and currently refractory patients, while 
reducing the likelihood of developing key adverse effects. 
Finally, the primary or secondary prevention of psychosis is 
an important goal that will depend, in part, on uncovering 
mechanisms underlying the susceptibility for and progres-
sion toward psychosis, so that neuroprotective and low-risk 
agents can be investigated in samples that can be character-
ized as being at true risk for psychosis in a highly reliable 
way.49

To discuss the specific agents under development for 
these various treatment targets is beyond the scope of this 
review, but compounds are being explored with a variety of 
putative mechanisms of action. These include metabotropic 
glutamate agonists, α-nicotinic receptor agonists, musca-
rinic agonists, histamine-3 receptor antagonists, glycine 
transporter inhibitors, ampakines, phosphodiesterase-10 
inhibitors, D1 agonists, D3 antagonists, 5-HT2A antagonists, 
and partial dopamine agonists, among others.121–124

SUMMARY AND CONCLUSION

In summary, building on more than 5 decades of pharma-
cotherapy research and clinical practice in schizophrenia, in 
which the ECDEU and NCDEU played a major role, the field 

has finally entered a phase that promises to develop and test 
the necessary tools that will enable more targeted and, ulti-
mately, individualized treatment approaches. The hope is that 
a more detailed mechanistic understanding of the factors in-
volved in the development, progression, and amelioration of 
the disease process will give rise to a number of new treatment 
approaches and that the focus will shift from symptomatic to 
disease-modifying and, ideally, curative interventions. Being 
in the midst of these developments, it is important to realize 
how far we have come, what role the prior advancements 
have played in our current state of knowledge, and what still 
needs to be accomplished to further improve the outcome of 
patients suffering from schizophrenia.

Drug names: albuterol (Proventil and others), aripiprazole (Abilify), clo-
zapine (Clozaril, FazaClo, and others), olanzapine (Zyprexa), quetiapine 
(Seroquel), reserpine (Serpalan and others), risperidone (Risperdal and 
others), ziprasidone (Geodon).
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Over the past half century, substantial clinical 
trial data have accumulated to guide clinical man-
agement of bipolar disorder, and 13 medications 
have gained US Food and Drug Administration 
approval for the treatment of mania or bipolar  
depression or the maintenance treatment of bipolar 
disorder. While the number of studies has grown 
and many controversies related to pharmacologic 
treatment of bipolar disorder are not yet resolved, 
the task of transforming the accumulated evidence 
into useful guidance for clinical practice becomes 
more manageable and less error prone by limiting 
consideration to the highest quality studies. There-
fore, this article emphasizes points of relative clarity 
by highlighting findings supported by double-blind, 
placebo-controlled clinical trials with samples 
of at least 100 subjects. A MEDLINE search was 
conducted and augmented by a manual search of 
bibliographies, textbooks, and abstracts from recent 
scientific meetings for randomized controlled trials 
published in English between 1950 and April 2010 
with at least 100 subjects. Keywords used in the 
search included randomized controlled trial, mania, 
hypomania, depression, relapse prevention, placebo, 
antidepressant, switch, and maintenance treatment 
of bipolar disorder. A paradigm for implementing 
evidence-based treatment is offered along with con-
sideration of patterns emerging across clinical trials.

J Clin Psychiatry 2011;72(5):704–715
© Copyright 2011 Physicians Postgraduate Press, Inc.

Submitted: August 24, 2011; accepted March 29, 2011  
(doi:10.4088/JCP.10m06523).
Corresponding author: Gary S. Sachs, MD, Massachusetts General 
Hospital, Clinical Psychopharmacology Unit, WACC 815, 50 Staniford St, 
Boston, MA 02114 (sachsg@aol.com).

The past half century has seen meaningful growth in the 
number and quality of studies pertaining to the man-

agement of bipolar disorders. The quality of data presented 
at NCDEU and other academic meetings has advanced 
from case series and pilot studies to fully powered pivotal 
trials and recent large-scale effectiveness studies such as 
those carried out by the Systematic Treatment Enhance-
ment Program for Bipolar Disorder (STEP-BD) group, the 
Stanley Foundation, the Bipolar Affective disorder: Lithium/ 
ANti-Convulsant Evaluation (BALANCE) group, and the  
Bipolar Trials Network. The list of evidence-based treat-
ments now includes 13 US Food and Drug Administration 
(FDA)–approved medications for bipolar disorder.

The yields of drug development efforts directed at  
meeting the immense needs of patients and families impact-
ed by the common but poorly understood conditions now 
referred to as bipolar disorders are far from satisfying, but do 

comprise a more scientifically valid basis for clinical decision 
making than was available through the end of the 20th cen-
tury. As the admittedly dim light of efficacy and effectiveness 
data gradually illuminates the clinical landscape, even limited 
visibility offers opportunities to improve patient care. While 
acknowledging the continued controversy and uncertainties, 
this review seeks to emphasize well-established points and 
areas of general agreement that can provide direction for 
managing the care of patients with bipolar disorder.

CONTEXT FOR PHARMACOLOGIC TREATMENT  
OF BIPOLAR DISORDER

Bipolar disorders are chronic multidimensional con-
ditions afflicting about 3% to 6% of the population.1–3  
Although the illness is often familial, the causes of bipolar 
disorders remain elusive, and no pathognomonic mark-
ers have been identified. Diagnosis is made on the basis of 
purely clinical criteria. The complexity of symptomatology 
associated with bipolar disorder often leads to confusion 
and frustration, which undermine confidence in treatment 
decisions. A basic fund of knowledge related to bipolar dis-
order and DSM-IV nosology is presented below to facilitate 
the process of clinical assessment, which is the foundation 
for management of bipolar illness. After discussion of these 
issues, an approach is offered to guide the integration of 
clinical knowledge and evidence from clinical trials.

Typically in bipolar disorder the onset of affective epi-
sodes occurs during adolescence or the early adult years.4,5 
Uncertainty frequently plagues the diagnosis, and despite 
the often dramatic psychopathology observed or reported 
by patients with bipolar disorders, the rates of false-positive 
and false-negative diagnosis are high. Field trials suggest that 
the diagnostic criteria for current acute mania in DSM-IV are 
highly reliable. However, assessment of current hypomania is 
much less reliable, and it is difficult to determine the reliabil-
ity of assessments for prior manic or hypomanic episodes, 
especially when a patient is currently depressed.

The subsequent course of illness is highly variable. Most 
individuals experience an irregular course in which acute 
abnormal mood states alternate with periods of full or par-
tial remission lasting weeks to years. While abnormal mood 
elevation is the cardinal diagnostic feature of bipolar disor-
ders, most patients find depression to be more frequent, and 
more disabling, than hypomania or mania. Furthermore, ab-
normal mood states are seldom the only expression of the 
complex pathophysiology underlying bipolar disorders. In 
addition to the full syndromal episodes, patients with bi
polar disorders often experience functional impairment due 
to interepisode subsyndromal affective symptomatology,2,6 

Page 61

mailto:sachsg@aol.com


© COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2011 PHYSICIANS POSTGRADUATE PRESS, INC.705 J Clin Psychiatry 72:5, May 2011

NCDEU Festschrift Collection� Sachs et al

comorbid nonaffective psychopathology7–16 (eg, anxiety 
disorders, substance misuse, cognitive impairment), and 
general medical conditions17–22 (eg, obesity, migraine head-
ache, inflammatory disorders).

Bipolar disorder ranks as the sixth leading cause of  
disability worldwide and is associated with increased mortal-
ity23–25 relative to the general population. Suicide accounts 
for a small fraction of the excess mortality associated with 
bipolar disorder. Mortality ratios comparing patients with 
bipolar disorder to the general population reveal elevated 
death rates due to a number of general medical conditions 
including heart disease, stroke, and infections.26,27 The short-
ened life span of patients with severe mental illnesses like 
bipolar disorder represents a major health care disparity.

A PARADIGM FOR INTEGRATION  
OF MEASUREMENT AND MANAGEMENT

The complexity and variability associated with bipolar 
disorder lead to an understandable desire for a systematic 
approach to treatment. Stakeholder feedback obtained by 
the National Institute of Mental Health (NIMH) prior to 
the start of the STEP-BD made clear that algorithmic care 
is unattractive to patients and family members as well as 
clinicians. There is, however, a desire to move clinical prac-
tice beyond the guidance of population-based results to 
personalized care. In response, STEP-BD included a disease 
management program based on a collaborative chronic care 
model in which clinicians were encouraged to use their expe-
rience and judgment in light of the best available evidence28 

(Figure 1). This model is not the only or necessarily the best 
model of care. It is presented here because it has been imple-
mented across multiple treatment centers, and, although it 
is not prescriptive, its use resulted in high rates of treatment 
concordant with recognized treatment guidelines and in  
encouraging outcomes.29

The STEP-BD Collaborative Care model involves 5 main 
principles30 (Table 1). The model starts with the assump-
tion that the patient meets formal diagnostic criteria for 
bipolar disorder, agrees to at least 1 treatment objective, and 
confronts a critical clinical decision point. These decision 
points are most commonly related to management of acute 
episodes (depression, hypomania, mania, or mixed), but 
may be relapse prevention, return to employment, control 
of rapid cycling, desire to conceive a child, or management 
of a treatment-limiting adverse effect.

Figure 1. Schema for Iterative Collaborative Measure-Based Carea

aAdapted with permission from Sachs.28

Table 1. STEP-BD Collaborative Care Model: Principles of 
Treatmenta

1. Define critical decision points on the basis of formal diagnostic 
assessment

2. Formulate a menu of reasonable options for each individual that offers 
proven treatments first

3. Engage patients in shared decision making and other collaborative care 
strategies

4. Integrate measurement into management
5. Revise the menu of reasonable choices on the bases of response and 

tolerability
aBased on Sachs.30

Abbreviation: STEP-BD = Systematic Treatment Enhancement Program 
for Bipolar Disorder.
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In this model, clinicians formulate a personalized menu 
of reasonable choices based on consideration of both the 
best available evidence pertaining to the current decision 
point and the clinician’s knowledge of the patient as an indi-
vidual. Evidence-based practice recognizes an implicit duty 
to at least offer proven treatments first.31 Clinicians can 
meet this duty by maintaining a working knowledge of the  
proven treatments defined in Table 2 as “category A” treat-
ments and by being aware of the key individual characteristics 
of their patients that pertain to choice of treatment. At a 
minimum this will include a patient’s history of prior treat-
ment response, adverse effect tolerance, pertinent general 
medical conditions, and personal preferences. Essential to 
collaborative care is the concept of having a plan with shared 
decision making and communication with other profession-
als and those the patient designates as supports. Including 
the patient as an active agent in his or her own care requires 
an engaged, well-informed patient and negotiation skills. 
Given the opportunity, patients and their care providers are 
often motivated to make a well-informed selection from the 
menu of reasonable choices and participate in a variety of 
self-management strategies. The outcome of each interven-
tion is then evaluated on the basis of routine measures. The 
measures for assessing the benefit of an intervention may 
consist of formal scales or judgments made in reference to a 
patient’s personal goals.

When interventions are carried out to a definitive end-
point (declaring that a treatment is effective, ineffective, or 
intolerable), it is possible to make progress toward opti
mizing an individual’s treatment plan. Indecisive outcomes, 
however, may result when tolerable interventions are cur-
tailed without adequate dose or duration or are simply 
rejected as unacceptable. Integrating measurement into the 
management facilitates personalized evidence-based treat-
ment decisions.

Several lines of evidence support the rationale of retain-
ing well-tolerated, efficacious treatments and replacing 
treatments that are ineffective and/or poorly tolerated.32–34 
Keeping records of these outcomes facilitates optimization 
of an individual’s treatment plan through iterative revision 
of the menu of reasonable choices. No currently available 
biomarker or group of biomarkers offers a better means of 
guiding treatment decisions.

Importantly, several studies indicate that a patient’s record 
of response to treatment has impressive predictive value. 

For subjects (N = 3,369) enrolled in 10 placebo-controlled 
pivotal trials for bipolar depression, Calabrese et al35 exam-
ined the value of “early response” (defined as improvement 
in the depression scale score of at least 20% from baseline 
after 2 weeks of treatment) for predicting the probability of  
response and remission at the end of each study (7–10 weeks 
of treatment).

The most compelling finding in this analysis was the high 
negative predictive value associated with not meeting the 
criteria for early improvement. Across all of the 10 active 
treatment groups as well as the placebo groups, subjects with 
less than 20% improvement after 2 weeks of treatment had 
only a 10%–20% chance of meeting remission criteria at the 
end of the study.35 The consistency of this pattern observed 
across large placebo-controlled studies for bipolar depres-
sion suggests that a determination of the need for dose 
adjustment or a declaration of the treatment as ineffective 
could be made with acceptable confidence as rapidly as every 
2 weeks.

EVIDENCE: DECISION MAKING GUIDANCE  
AND BENCHMARK METRICS

Implicit in the general consensus that the principles of 
evidence-based medicine provide the best guidance for clini-
cal practice is the idea of offering proven treatments before 
unproven treatments.31 Utilizing this principle necessitates 
a working knowledge of medical evidence and consideration 
of appropriate metrics. Consumers of medical evidence can 
assess the clinical meaning of published studies by evalu
ating the quality of the evidence, by gauging the effect size  
of various interventions, and by establishing benchmarks 
applicable to routine clinical practice. Simple metrics are 
offered below to integrate these processes into meaningful 
guidance for clinical decision making and metrics for evalu-
ating outcomes in routine practice.

For the purposes of this review, we conducted a MEDLINE 
search augmented by a manual search of bibliographies, 
textbooks, and abstracts from recent scientific meetings to 
identify randomized studies of mania, hypomania, depres-
sion, or maintenance treatment of bipolar disorder with at 
least 100 subjects. Although areas remain for which few or 
no high-quality data are available, the knowledge base per-
taining to clinical care of patients with bipolar disorder has 
grown substantially over the past 2 decades. The daunting 
task of transforming the accumulated evidence into useful 
guidance becomes more manageable and less error prone by 
limiting consideration to the highest quality studies. Results 
from studies with sufficient methodological rigor to allow 
valid causal inference, referred to here as category A evidence, 
represent the highest standard for evidence-based medicine 
(Table 2). Category A evidence is derived from randomized 
double-blind placebo-controlled studies with sample sizes 
adequate to detect differences that are statistically significant 
and clinically relevant. Formal power calculations to deter-
mine sample size adequacy can be complicated. A simple 

Table 2. Simplified Levels of Evidencea

Category A Double-blind placebo-controlled trial with adequate 
sampleb

Category B Double-blind comparison studies with adequate sampleb

Category C Open comparison trials with adequate sampleb

Category D Uncontrolled observation or controlled study with 
ambiguous result

Category E No published evidence (± class effect)
Category F Available evidence negative or considered a failed trial
aBased on Sachs.28
bStatistical power ≥ 0.8 to detect meaningful differences at P < .05.
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rule of thumb, however, is often sufficient to help clinicians 
judge the adequacy of sample size in mood disorder treat-
ment studies. Clinical trials with fewer than 100 subjects are 
unlikely to meet criteria for category A evidence.

This simple benchmark establishes a lower bound on 
the range of studies we include as having high-quality 
evidence.

EVIDENCE REVIEW: MANIA

Cade’s 1949 publication36 on the calming effects of lithium 
was a landmark event setting the stage for an era of progress 
in psychopharmacology. This case series was followed by 
persuasive, albeit small, placebo-controlled crossover stud-
ies. The first parallel-group placebo-controlled trial for 
demonstrating the acute antimanic efficacy of lithium did 
not appear in the literature until 1994.37

As seen in Table 3, category A studies for acute mania 
now demonstrate the efficacy of 8 dopamine-blocking agents 
(olanzapine,46,47 ziprasidone,53,54 risperidone,49–52 haloperi-
dol,49 quetiapine,55–60 aripiprazole,61–63 paliperidone,66 and 
asenapine64,65) and 3 non–dopamine-blocking agents (lithi-
um,37–39 valproate,37,40 and carbamazepine42,43).

Due to the less stringent standards of the mid–20th cen-
tury, chlorpromazine has FDA approval for mania but lacks 
a placebo-controlled trial establishing its antimanic efficacy. 
In a comparison of lithium to chlorpromazine (n = 255),  
Prien et al38 found both to be effective for mania, but chlor-
promazine (mean dose = 1,000 mg) was more effective 
in severely ill and agitated patients, while lithium (mean 
dose = 1,800 mg) was associated with fewer adverse effects.

The available data indicate that 3 weeks of monotherapy 
treatment with any of these FDA-approved agents is signifi-
cantly more beneficial than placebo treatment, but seldom 
sufficient to achieve a complete remission of manic symp-
toms. After 3 weeks of treatment under the controlled 
conditions of a randomized controlled trial (RCT), the mean 
mania rating scale score for subjects receiving any one of the 
proven antimanic agents still exceeds the minimum symp-
tom score required for study entry at baseline.* This finding 
highlights the need for sustained treatment and provides a 
rationale for combination treatment.

While there are undoubtedly individual differences in 
response to antimanic agents, the preponderance of accu-
mulated evidence does not indicate important differences in 
overall efficacy. Nearly all direct comparisons between active 
agents yield no statistically significant differences in overall 
antimanic efficacy (lithium vs chlorpromazine,38 haloperi-
dol vs risperidone,49 olanzapine vs divalproex,68 olanzapine 
vs haloperidol,69 aripiprazole vs haloperidol,70 quetiapine vs 
lithium,39 quetiapine vs hapoleridol67). Two exceptions to 
this pattern are noteworthy. Tohen et al71 found olanzapine 
to have a small, but statistically significant efficacy advantage 

*References 37, 39, 46, 47, 51–54, 57, 58, 61–67.

over divalproex. This advantage was, however, at least par-
tially offset by disadvantages in tolerability. Conversely, the 
comparison of aripiprazole and haloperidol reported by 
Vieta et al70 found no difference in efficacy, but a significant 
advantage for aripiprazole in overall effectiveness due to its 
greater tolerability.

Number needed to treat (NNT) analyses of the positive 
category A studies show that for a mania RCT to yield 1  
additional responsive subject above the placebo response 
rate, it is necessary to treat 3 to 6 subjects with a proven 
antimanic agent. The desire to compare results across stud-
ies by comparing effect size is understandable, but making  
comparisons of the NNT across studies is of questionable 
validity. An NNT analysis does correct results for placebo  
response, but does not overcome the methodological limita-
tions that prevent drawing conclusions based on comparisons 
of treatment other than those available within a single 
randomized study. Comparing outcomes across placebo-
controlled monotherapy mania studies is confounded by 
differences in study samples as well as study procedures. For 
instance, the antimanic efficacy of risperidone appears twice 
as robust in study results based on a sample accessioned in 
India52 compared to results obtained in a separate study 
that used nearly the same treatment protocol but enrolled 
its sample exclusively at sites in the United States.51

Category A studies suggest that adding a dopamine-
blocking antimanic agent confers about the same increment 
of extra benefit over placebo whether used as monotherapy 
or administered as an adjunct to valproate or lithium.72,73 
Valproate was also superior to placebo as an adjunct to anti-
psychotic treatment.74

The available data are as yet insufficient to conclusively 
prove that 2 agents are superior to monotherapy, because the 
advantage of adding a second active agent has been demon-
strated only in samples that restricted enrollment to subjects 
with inadequate response to prior treatment. Nonetheless, 
combination treatment is a reasonable approach for more 
severely ill patients, since the preponderance of evidence 

Table 3. Summary of Category A Acute Mania Studiesa

At Least 1 Positive Trial
Only Negative  
or Failed Trials Negative Studyb

Lithium37–39 Lamotriginec ✓
Valproate37,40 Gabapentin41

Carbamazepine42,43 Oxcarbazepine44

Topiramate45 ✓
Olanzapine46,47 Licarbazepine48

Risperidone49–52

Ziprasidone53,54

Haloperidol49

Quetiapine55–60

Aripiprazole61–63

Asenapine64,65

Paliperidone66

aStatistical power ≥ 0.8 to detect meaningful differences at P < .05.
bInterpreted as a “negative study” because the study drug failed to 

separate from placebo and the study included an active comparator that 
did separate from placebo.

cG.S.S., GlaxoSmithKline data on file, 2000.
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from these studies shows lower dropout rates among subjects  
receiving 2 active treatments than those receiving placebo 
and 1 active treatment.75,76

In addition, placebo-controlled adjunct studies have  
established the efficacy of adding valproate to dopamine-
blocking agents74 and the efficacy of adding risperidone, 
haloperidol, olanzapine,49 or quetiapine55 to the non–
dopamine-blocking agents lithium and valproate.

Category A placebo-controlled clinical trials comparing 
gabapentin, lamotrigine, topiramate, oxcarbazepine, and 
licarbazepine to placebo have to date produced only nega-
tive results or failed studies (references 41, 44, 45, 48, and 
77 and G.S.S., GlaxoSmithKline data on file, 2000). These 
results do not support a class effect for anticonvulsants as 
antimanic agents.

EVIDENCE REVIEW: DEPRESSION

A variety of scientific, ethical, and practical design issues 
have long hampered efforts to address basic clinical questions 
related to bipolar depression, and consequently most studies 
examined adjunctive treatment.78–80 Early studies suggest-
ing benefit of monoamine oxidase inhibitors (MAOIs) are 
limited by small sample size and classification of outcomes 
based solely on change in depression scale scores.81,82 Thus, 
reported response rates were not corrected for subjects who 
experienced treatment-emergent switch to hypomania or 
mania. Recent parallel-group double-blind studies of bipo-
lar depression have improved methodology, and results for 
monotherapy including lithium, atypical antipsychotics, and 
standard antidepressants are becoming available.

The evidence review process identified 11 medication 
(monotherapy or combination) treatments for which catego-
ry A studies have been conducted (Table 4). Positive category 
A evidence clearly supports the 2 FDA-approved treatments, 
quetiapine85–89 and the combination of olanzapine and flu-
oxetine (OFC).80 The same 3-arm study that established the 
efficacy of OFC also found olanzapine monotherapy had sig-
nificantly better efficacy than placebo for bipolar depression. 
In that study, the combination of olanzapine and fluoxetine 
was statistically superior to olanzapine monotherapy as well 
as superior to placebo.80 Two positive category A studies sup-
port the use of lamotrigine for acute bipolar depression.83,94 
Lamotrigine does not, however, have FDA approval and has 
had 4 additional negative or failed studies.95

To date, only 1 category A study is available with data 
comparing lithium to placebo as a treatment for acute bi-
polar depression. This study must be considered a negative 
study rather than a failed trial for lithium, because the study 
found no difference between lithium and placebo, while also 
finding statistically significant advantage for quetiapine over 
placebo.86

Whenever multiple proven treatments exist, the question 
arises of which treatment might be best for an individual 
patient. While matching treatments to individual patients 
remains an unfulfilled dream, in this instance there may 

be some clinically interesting pharmacogenetic light at the 
end of the proverbial tunnel. Perlis et al96 found a differ-
ential pattern of response based on genotypes of subjects 
randomly assigned to treatment with OFC (n = 88) or lamo-
trigine (n = 85). A set of 19 candidate genes were genotyped. 
Response to OFC was significantly associated with single 
nucleotide polymorphisms (SNPs) within the dopamine 
D3 receptor and histamine H1 receptor (HRH1) genes. 
Response to lamotrigine was significantly associated with 
SNPs within the dopamine D2 receptor, HRH1, dopamine 
β-hydroxylase, glucocorticoid receptor, and melanocortin 
2 receptor genes. These findings are consistent with the  
notion that dopaminergic influences play an important  
role in bipolar I depression.

Several dopamine-blocking antimanic agents 
(bifeprunox,92 aripiprazole,90 and ziprasidone91) have 
produced negative or failed results in bipolar depression 
studies. This may reflect real differences in the action of  
these drugs in comparison to quetiapine and olanzapine, but 
may also result from simple deficiencies in the design and 
execution of the clinical trials. In addition to disadvantages 
related to inadequate knowledge of the therapeutic doses of 
these medications for bipolar depression, some of the trials 
were quite likely hampered by enrollment of inappropri-
ate subjects and/or low quality ratings on study outcome 
measures.97,98

The role of standard antidepressants in bipolar depres-
sion remains controversial. Baldessarini et al99 reported that 
despite the ongoing concern about prescribing unopposed 
antidepressant medication to bipolar patients, antidepres-
sant medication is still the initial treatment for 50% of newly  
diagnosed patients with bipolar disorder in the United States. 
Unfortunately, there are few data to support the benefit of 
this common practice.

A meta-analysis of small double-blind studies is  
often cited as evidence supporting the adjunctive use of 
standard antidepressants as a class for the treatment of  
bipolar depression.100 The utility of this meta-analysis as 
a guide to treatment is unclear for several reasons. First, 

Table 4. Summary of Category A Acute Bipolar Depression 
Efficacy Studiesa

At Least 1 Positive Trial Only Negative or Failed Trials Negative Studyb

Lamotrigine83 Imipramine84

Olanzapine80 Paroxetine85 ✓
Olanzapine and 

fluoxetine80
Lithium86 ✓

Quetiapine85–89 Aripiprazole90

Ziprasidone91

Bifeprunox92

Lithium + paroxetine78

Lithium + imipramine78

Mood stabilizer + paroxetine93

Mood stabilizer + bupropion93

aStatistical power ≥ 0.8 to detect meaningful differences at P < .05.
bInterpreted as a “negative study” because the study drug failed to 

separate from placebo and the study included an active comparator that 
did separate from placebo.
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the class of drugs referred to as antidepressants is hetero-
geneous in structure and mechanism (selective serotonin 
reuptake inhibitor, serotonin-norepinephrine reuptake  
inhibitor, MAOI, etc). Second, data from studies of MAOI-
type antidepressants constitute a large proportion of the 
positive data and, as noted above, tend to overestimate 
the benefit of treatment because subjects were considered 
antidepressant responders even if they switched to mania 
during the course of treatment. Third, no individual stan-
dard antidepressant has shown efficacy in a category A study 
as monotherapy nor as an adjunct to lithium or valproate. 
Furthermore, the results of recent efficacy and clinical effec-
tiveness studies have not produced results that encourage use 
of standard antidepressants for bipolar depression.

In a double-blind study comparing placebo to standard 
antidepressants (bupropion or paroxetine) as adjuncts to 
mood stabilizers for bipolar depression, STEP-BD found 
no advantage for standard antidepressants over placebo.93 
Separately, STEP-BD used the same infrastructure and out-
come measures to conduct a quasi-experimental analysis 
comparing outcome for STEP-BD subjects who did not 
participate in the randomized trial, but were prescribed an-
tidepressant medications while participating in the study. 
This open comparison of the outcome for depressed bipo-
lar patients treated with or without standard antidepressant 
medications also showed no advantage for adjunctive anti-
depressant medication.101,102 It is important to note, since 
study results are often viewed as subject to the limitation 
of accession bias, that results from the sample receiving 
open treatment were remarkably similar to results obtained 
from subjects who consented to participate in the double-
blind study. In both studies, the proportion of patients who 
achieved a durable recovery (defined as 8 consecutive weeks 
of euthymia) was less than 25%.

Another large effectiveness study conducted by the 
Stanley Foundation Bipolar Network reported similar dis-
couraging results for standard antidepressants. Altshuler 
et al103 found that only about 15% of bipolar depressed  
patients for whom an antidepressant was prescribed in  
open treatment met criteria for treatment response.

Very limited data are available to guide the treatment  
of depression in patients with bipolar II disorder. Suppes  
et al104 reported that the benefit of quetiapine was signifi-
cantly superior to placebo in the subset of more than 180 
bipolar II subjects randomized in 2 bipolar depression stud-
ies. In a study with a smaller bipolar II sample, however, 
Suppes et al88 found that the antidepressant benefit of que-
tiapine extended release reached statistical significance in 
bipolar I but not bipolar II subjects.

Amsterdam33,105–108 has published several papers with 
small samples suggesting that patients with bipolar II might 
safely be treated with standard antidepressants. The small 
studies require follow-up in fully powered controlled tri-
als, but do offer some support for the idea that there may 
be subsets of bipolar II patients who benefit from standard  
antidepressant medication, even as monotherapy.

TREATMENT-EMERGENT AFFECT SWITCH 

Prior to the advent of modern antimanic and antidepres-
sant medications, Emil Kraepelin recognized that patients 
with manic-depressive illness frequently make direct transi-
tions from one affective state to another of opposite polarity, 
without an intervening period of recovery.109 The possibil-
ity that pharmacologic agents capable of treating mania or 
depression might lead to treatment-induced mania or depres-
sion has long been a serious concern for the field.110–116

Unfortunately, we lack methods to confidently determine 
whether any given transition between pathological mood 
states is iatrogenic or due to the natural course of an indi-
vidual’s illness. Therefore, referring to treatment-emergent 
depression, hypomania, mania, or mixed episodes is more 
accurate than using terms such as antidepressant-induced 
mania or neuroleptic-induced depression.

Despite several trials that have reported rates of treatment-
emergent affect switch (TEAS), the extent to which standard 
antidepressant medications are associated with treatment-
emergent hypomania or mania remains highly controversial. 
Rather than rehashing this unsatisfying debate, a summary 
of the data can provide some practical guidance for clinical 
practice.

None of the medications with category A evidence of 
efficacy for bipolar depression has been associated with 
treatment-emergent hypomania/mania. STEP-BD found 
no evidence of TEAS associated with adjunctive use of  
bupropion or paroxetine compared to adjunctive placebo.93 
The Stanley Foundation Bipolar Network found that ven-
lafaxine was associated with significantly higher rates of  
TEAS than bupropion or sertraline.117 Furthermore, the 
same study found that among subjects randomly assigned 
to these 3 antidepressants, overall TEAS rates were signifi-
cantly higher among bipolar I subjects compared to bipolar 
II subjects.118 Defining TEAS as a Young Mania Rating 
Scale score > 13, they observed a TEAS rate of 12% (of 134) 
of bipolar I subjects versus 2% (of 48) of bipolar II subjects. 
Defining TEAS as a Clinical Global Impressions (CGI)  
mania score of ≥ 3 (mildly ill) produced observed rates of 
22% in bipolar I subjects and 8% of bipolar II subjects.

These findings suggest that there may be important differ-
ences between agents classified as “antidepressants” in regard 
to the propensity to induce affective switch. On the other 
hand, the putative destabilizing effect of standard antide-
pressants may be a reflection of a relatively small vulnerable 
subgroup. When standard antidepressants are administered 
as adjuncts to an antimanic mood stabilizing agent, 80% to 
90% of subjects do not experience TEAS.

A recent review by Frye et al119 identified risk factors 
associated with TEAS: tricyclic antidepressant use, prior 
history of treatment-emergent mania, hyperthymic tem-
perament, comorbid alcoholism, female gender, comorbid 
anxiety disorder, prepubertal onset, and bipolar I subtype  
(vs bipolar II). The effect sizes of most, if not all, of these  
factors are likely to be modest and have little predictive 
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power for individual care. Perhaps the least controversial 
recommendation that can be applied in clinical practice is 
to avoid repeating exposure to any class of medication that 
has been associated with a personal history of TEAS.

EVIDENCE REVIEW:  
MAINTENANCE, OR PREVENTION OF RECURRENCE

Although lithium was granted FDA approval as a pro-
phylactic treatment for bipolar disorder in 1974, the first 
adequately powered parallel-group double-blind placebo-
controlled RCT was not published until 2000.120 This 
industry-sponsored study was designed as a pivotal trial 
to evaluate the prophylactic utility of divalproex versus 
placebo and included a lithium arm to establish assay sen-
sitivity. Although widely considered a failed trial because 
differences on the a priori primary outcome measure did 
not reach statistical significance and no benefit of lithium 
was detected, the study did produce several important find-
ings. Divalproex was not significantly better than placebo 
on the a priori primary outcome variable, time to any mood 
episode. Divalproex was, however, superior to placebo on 
some important secondary outcome variables including 
lower rates of discontinuation for a recurrent mood episode 
and discontinuation due to a depressive episode. Divalproex 
was also superior to lithium for protection against depres-
sive symptoms and on Global Assessment Scale scores. More 
importantly, post hoc analyses suggested that the study failed 
because a substantial number of subjects were randomized 
who were not ill at the time of enrollment and therefore not 
necessarily responders to acute treatment with divalproex.

In light of this problem, subsequent successful mainte-
nance treatment studies have employed designs in which 
the randomized sample is enriched with responders to 
open acute treatment with the study drug. Furthermore, in 
studies with enriched design, subjects randomly assigned to 
placebo are actually discontinuing treatment with the study 
drug that had been associated with sufficient improvement 
to qualify them for the double-blind phase of treatment. 
Meta-analyses of maintenance studies show that previously 
stable patients suffer high relapse rates following discontin-
uation of medication, especially when discontinuation is 
rapid.121–130 These studies, which typically show survival 
curves with steep slopes for the placebo group in the first 
months after randomization, can more accurately be con-
sidered treatment-disruption studies. Recognition of this 
design issue has important ramifications for understanding 
clinical trial results.

In an NIMH-sponsored study designed to compare the 
benefit of prophylactic treatment with lithium at low (0.4–0.6 
mmol/L) versus standard levels (0.8–1.0 mmol/L), Gelenberg 
et al131 found a significant advantage for treatment at stan-
dard levels. The risk of relapse was 2.6 times higher in those 
randomly assigned to the lower range treatment. A reanalysis 
of these data suggested that the higher relapse rate associated 
with lithium treatment at the low level was really driven by 

the high relapse rate experienced by subjects who had an 
abrupt 50% reduction in their dose of lithium as a conse-
quence of randomization to switch from the standard range 
to the low range. Furthermore, subjects who stayed at the 
standard range had no advantage over subjects who started 
and remained at the low range. Thus, an abrupt reduction 
of even 50% may adversely impact the course of illness in 
stable patients.

Although most of the relapse prevention data come 
from studies of agents with acute antimanic activity, simi-
lar results are reported following treatment of acute bipolar 
depression.94 In a small double-blind study, Ghaemi et al132 
found trends that reached borderline statistical significance 
indicating worsening course following discontinuation of  
effective antidepressant medications.

In a 3-arm prophylaxis study that randomized 117 bipolar 
I subjects but did not include placebo, Prien et al84 reported 
that lithium and lithium plus imipramine were superior to 
imipramine alone in preventing recurrences of mania and 
found no significant differences between the 3 conditions 
for prevention of depression.

As seen in Table 5, category A studies support the use 
of lithium,94,133,134 lamotrigine,94,133,134 olanzapine,34,135,136 
aripiprazole,137 quetiapine,138 ziprasidone,139 and the long-
acting injectable form of risperidone140 for preventing 
recurrence of acute episodes. These successful category A 
studies, however, all randomized patients who had experi-
enced a remission of acute phase symptoms during treatment 
with the study medication prior to randomization. This 
methodological issue has important clinical implications. 
The data from these successful maintenance studies cannot 
support the practice of switching from acute phase treat-
ments to a new maintenance treatment after resolution of 
an acute episode. Instead, the data provide persuasive argu-
ment against treatment disruption and support continued 
treatment with agents that were a part of a successful acute 
phase regimen.

The BALANCE study141 was a large simple trial designed 
to compare long-term outcomes of treatment with lithium, 
valproate, and the combination of lithium and valproate in 
subjects who were not acutely ill, but warranted maintenance 
treatment. Consenting bipolar subjects all started 4 to 8 
weeks of open treatment with the combination of lithium and 

Table 5. Summary of Category A Prophylaxis Studiesa

At Least 1 Positive Trial Only Negative or Failed Trials Negative Studyb

Lithium94,133,134 Imipramine84 ✓
Valproate94,120,133,134

Lamotrigine94,133,134

Olanzapine34,135,136

Aripiprazole137

Quetiapine138

Ziprasidone139

Risperidone140

aStatistical power ≥ 0.8 to detect meaningful differences at P < .05.
bInterpreted as a “negative study” because the study drug failed to 

separate from placebo and the study included an active comparator that 
did separate from placebo.
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valproate. Subjects (n = 330) were then randomly assigned 
to continuing combination treatment, lithium monotherapy 
(by tapering off valproate) (plasma concentration, 0.4–1.0 
mmol/L), or valproate monotherapy (by tapering off lith-
ium) (750–1250 mg). The primary outcome was time to 
intervention (either medication or hospitalization), and 
patients could be randomized without necessarily being eu-
thymic. Although the hazard ratio for combination therapy 
versus lithium monotherapy was 0.82 (95% CI = 0.58–1.17, 
P = .27), the difference was not statistically significant. The 
study did, however, find a significant advantage for combina-
tion treatment compared to valproate monotherapy (hazard 
ratio = 0.59, 95% CI = 0.42–0.83, P = .0023). This finding may 
not be generalizable due to the low valproate dosage used, 
but it at least informs practitioners that low-dose valproate 
maintenance treatment is of little merit.

Like other studies above, BALANCE used a discontin-
uation paradigm. Notably, the study was enriched only to 
the extent that randomized subjects were able to tolerate the 
combination of lithium and valproate rather than necessarily 
respond to combination treatment. The apparent disagree-
ment between this study and the Bowden et al report37 may 
simply reflect the difference in entry criteria, dosing, and 
definition of outcome, but it is also possible that maintaining 
therapeutic lithium levels protects against recurrence due 
to valproate discontinuation, while valproate as dosed in  
BALANCE does not protect against recurrence due to lith-
ium discontinuation.

Individual factors reported as associated with relapse 
and poor outcome for bipolar disorders include early age at  
onset, psychosis,142 psychiatric comorbidities,143–145 residual 
mood symptoms,146,147 history of frequent episodes,143,148,149 
and use of antidepressants.111 In women with bipolar dis-
orders, postpartum150 and the menopause transition151 are 
also periods of increased vulnerability to illness relapse. 
Consistent with early reports suggesting familial response 
to lithium,152 Perlis and colleagues153 have reported sev-
eral genes with modest association to lithium response in 
both the STEP-BD and University College London cohorts. 
Large-scale genome-wide association studies have promise 
to identify predictors of individual response to specific pro-
phylactic treatments.

CONCLUSIONS

Bipolar disorders are common chronic complex condi-
tions. Accumulated clinical trial data now offer a scientific 
basis for clinical decision making. No clinically useful bio-
markers have been identified for predicting treatment 
response. A systematic iterative approach to treatment in 
which measurement is integrated into the management 
plan offers a means to bridge from population-based recom-
mendations to personalized care. The distinction between 
efficacy and effectiveness research includes at least tacit rec-
ognition of potential individual differences in response to 
treatment and the importance of care delivery systems.

Patients with acute mania vary widely in symptomatology 
and clinical urgency. Although dopamine-blocking agents 
appear to be preferable for more severely ill patients, non–
dopamine-blocking antimanic agents may be more tolerable. 
Most often, treatment over a period of 3 to 4 weeks is insuf-
ficient to achieve full remission. The data support a class 
effect for dopamine-blocking agents but not anticonvulsants 
as treatment for acute mania.

Four treatments have positive category A evidence 
for the treatment of bipolar depression. There is no evi-
dence that adding standard antidepressant medication 
destabilizes patients treated with agents that have proven  
antimanic efficacy.

All agents with proven efficacy for relapse prevention have 
gained approval based on studies that randomized patients 
who had already improved in response to study medication. 
This so-called enriched design is an important limitation on 
the generalizability of results from relapse prevention studies, 
but has consistently replicated the finding that abrupt dis-
continuation of treatment can destabilize bipolar patients.

More research and further refinement in methodology 
are needed to facilitate the translation of population-based 
data to personalized treatment.
Drug names: aripiprazole (Abilify), asenapine (Saphris), bupropion 
(Wellbutrin, Aplenzin, and others), carbamazepine (Carbatrol, Equetro, 
and others), fluoxetine (Prozac and others), gabapentin (Neurontin and 
others), haloperidol (Haldol and others), imipramine (Tofranil and  
others), lamotrigine (Lamictal and others), lithium (Lithobid and others), 
olanzapine (Zyprexa), oxcarbazepine (Trileptal and others), paliperidone 
(Invega), paroxetine (Paxil, Pexeva, and others), quetiapine (Seroquel), 
risperidone (Risperdal and others), topiramate (Topamax and others), 
venlafaxine (Effexor and others), ziprasidone (Geodon).
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symptom-free with one of the first 2 treatment strategies in 
the study.3,4

All the same, these newer medications represent only 
a limited advance beyond their predecessors. One major 
reason is that all existing pharmacotherapies of depres-
sion are essentially monoamine-based. While the effects of  
monoamine-based antidepressants may go well beyond the 
initial changes in monoamine system function and may lead 
to broader brain circuitry changes,5 so far they have all been 
limited by relatively modest efficacy overall6 and significant 
tolerability issues, particularly in the long term.7

The therapeutic efficacy limitations of these monoamine-
based antidepressants include the following concerns: (1) 
relatively modest remission rates8; (2) relatively slow onset 
of efficacy and delayed time to remission, so that, of ultimate 
remitters, as many as half will not remit until 6 to 12 weeks of 
ongoing antidepressant therapy9; and (3) lower effectiveness 
for certain depressive symptoms such as sleep disturbances 
and fatigue than for others.10

The tolerability limitations of currently available antide-
pressant therapies are also of great significance. Among them 
are the following: (1) elevated rates of sexual dysfunction,11 
with the possible exceptions of bupropion,12 vilazodone,13 
and agomelatine14; (2) modest yet troublesome rates of 
weight gain during long-term antidepressant treatment,15 
once again with the exception perhaps of bupropion,16  
NERIs such as reboxetine,17 and agomelatine18; (3) relatively 
high rates of insomnia and/or daytime sleepiness19–21; (4) 
treatment-emergent anxiety and nervousness21; and (5) 
relatively high rates of cognitive, memory, and attentional 
difficulties during long-term antidepressant treatment.22

This article will review some of the most promising novel 
mechanisms that are not represented in compounds cur-
rently approved for depression in either the United States or 
Europe and that may represent the future of the psychophar-
macologic treatment of depression, potentially addressing 
some of the efficacy and tolerability issues of antidepressants 
on the market.

MULTIMODAL SEROTONERGIC AGENTS

These compounds are an extension of the currently avail-
able SSRIs and SNRIs. They typically include elements of 
inhibition of the serotonin transporter and elements that 
either block serotonergic receptors, such as the serotonin 
5-HT2A receptor, and/or act as a partial agonist of seroto-
nergic receptors, such as the 5-HT1A receptors, within the 
same molecule. The advantage of the additional receptor 
effects is supported, for example, by the fact that partial ago-
nism of the 5-HT1A receptors has been shown to help with  

There are clear limitations to the currently ap-
proved pharmacotherapies of depression, including 
the fact that they are all essentially monoamine-
based, have modest efficacy and a relatively slow 
onset of efficacy, and suffer from significant tolera-
bility issues, particularly in the long term, including 
sexual dysfunction, weight gain, and cognitive 
impairments. This article reviews some of the most 
promising novel mechanisms that are not represent-
ed in compounds currently approved for depression 
in either the United States or Europe and that may 
represent the future of the psychopharmacologic 
treatment of depression, potentially addressing 
some of the efficacy and tolerability issues of 
antidepressants on the market. These potential 
antidepressant treatments include the multimodal 
serotonergic agents, the triple uptake inhibitors, the 
neurokinin-based novel therapies, the glutamatergic 
treatments, the nicotinic receptor–based treatments, 
the neurogenesis-based treatments, and antiglu-
cocorticoid therapies. Some of these mechanisms 
appear to be more advanced in terms of drug devel-
opment than others, but they all contribute to the 
global effort to develop more effective and better 
tolerated treatments for major depressive disorder.

J Clin Psychiatry 2010;71(8):971–975
© Copyright 2010 Physicians Postgraduate Press, Inc.

Submitted: May 5, 2010; accepted June 17, 2010  
(doi:10.4088/JCP.10m06223blu).
Corresponding author: Maurizio Fava, MD, Depression Clinical and 
Research Program, Massachusetts General Hospital, 55 Fruit St, Bulfinch 
351, Boston, MA 02114 (MFava@Partners.org).

It has been more than 20 years since the last major revolu-
tion in antidepressant pharmacotherapy, the introduction 

of selective serotonin reuptake inhibitors (SSRIs). The  
SSRIs seemed to promise efficacy comparable to that of the 
antidepressants already on the market, namely, tricyclic an-
tidepressants (TCAs) and monoamine oxidase inhibitors 
(MAOIs), without the problematic side effects and drug in-
teractions of those drug classes. Similar hopes were attached 
to their derivative compounds, the serotonin-norepinephrine 
reuptake inhibitors (SNRIs) and norepinephrine reuptake 
inhibitors (NERIs), and to other new antidepressants devel-
oped since then, such as bupropion and mirtazapine. Indeed, 
these new antidepressants have proven to be more tolerable 
and acceptable than TCAs and MAOIs: SSRIs accounted 
for more than half of all antidepressant prescriptions in 
2006,1 and, following their introduction, adult use of anti-
depressants nearly tripled from 1988–1994 to 1999–2004.2 
In the recent Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) trial, a large “real-world” study of de-
pression treatment, approximately half of all patients became 
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SSRI-induced sexual dysfunction with buspirone augmen-
tation.23 One example of a multimodal serotonergic agent 
is vilazodone, which combines the effects of an SSRI with 
5-HT1A receptor partial agonist activity13; it has shown 
efficacy in major depressive disorder (MDD) trials and a 
relatively benign sexual profile.13 Another example is a com-
pound under development by Lundbeck (Lu AA21004), 
which combines SSRI activity with 5-HT3 receptor antag-
onism and 5-HT1A agonism and has shown efficacy in a 
proof-of-concept trial by Artigas et al.24

TRIPLE UPTAKE INHIBITORS

The triple uptake inhibitors (TUIs) are probably con-
sidered the “low-hanging fruit” in monoamine-based drug 
development, as they capitalize on known pharmacologic 
actions. These compounds typically combine inhibition of 
the serotonin, norepinephrine, and dopamine transporters, 
with the idea that targeting the dopamine transporter will 
enhance overall efficacy; address anhedonia, apathy, and 
cognitive impairment; and minimize residual fatigue and 
sleepiness, as suggested by the dopamine reuptake inhibi-
tor modafinil augmentation studies of SSRIs.25 In addition, 
given the usefulness of dopaminergic compounds in treating 
SSRI-induced sexual dysfunction,26,27 TUIs are expected to 
be associated with lesser sexual dysfunction than SSRIs and 
SNRIs. Another postulated advantage of the TUIs is that the 
synergistic effect of the triple inhibition may allow robust 
effects on these 3 neurotransmitters without requiring a high 
occupancy of the serotonin transporter, thus minimizing  
SSRI-related side effects.28 The only TUI currently available, 
the weight loss drug sibutramine, has modest dopamine 
reuptake–inhibiting properties through its metabolites,29 in 
addition to its SNRI activity.30

One of the concerns that has perhaps limited the enthu-
siasm for this mechanism has traditionally been the risk for 
abuse related to the dopamine transporter inhibition. Yet, 
there are clear examples in the literature to the contrary:  
self-administration, used as a marker of abuse liability, was 
not observed in rats given a TUI,31 while an anti–alcohol 
abuse effect was seen in another rodent study of a TUI de-
veloped by DOV.32

NEUROKININ-BASED NOVEL THERAPIES  
(NK1 ANTAGONISTS)

Neurokinin (NK) receptors and their endogenous ligand, 
substance P (SP), have been shown to be highly expressed 
in areas of the brain involved in the regulation of mood.33 
The NK1 receptor is the principal central nervous system 
(CNS) receptor for SP in humans34 and, for that reason, has 
been the target of significant drug development in depres-
sion. Due to their novel, nonmonoaminergic mechanism, 
NK1 antagonists have been of great interest as monotherapy 
or adjunctive treatments for treatment-resistant depression 
(TRD). In addition, SP and its preferred NK1 receptor have 

been identified within brain areas known to be involved in 
the regulation of stress and anxiety responses, and aversive 
and stressful stimuli have been shown repeatedly to change 
SP brain tissue content as well as NK1 receptor binding.35 
Therefore, one of the questions concerning NK1 antagonists 
is whether drug development in depression should target, 
in particular, anxious depression or depression with high 
levels of stress, or whether relapse prevention, given the role 
of stress in triggering relapses, would be a more appropriate 
role for these compounds. With respect to NK1 antagonism, 
it is unclear whether a minimum level of receptor occupancy 
has to be achieved to obtain a consistent therapeutic effect. 

Despite an initial positive study with the NK1 antagonist 
aprepitant (otherwise known as MK-869 or L-754030),36 
5 subsequent double-blind, placebo-controlled trials of 
aprepitant failed to show greater efficacy for aprepitant 
than placebo.37 Another Merck NK1 antagonist compound 
showed promise in a proof-of-concept study,38 but the re-
sults of a subsequent double-blind study comparing 2 doses 
of L-759274 with paroxetine 20 mg and placebo were also 
interpreted as inconclusive.39 Finally, studies involving the 
use of NK2-selective receptor antagonists as monotherapy 
for MDD are currently underway (www.clinical trials.gov: 
NCT00429260, NCT00336713, NCT00415142).

GLUTAMATE-BASED TREATMENTS

Glycine and glutamate serve as primary excitatory neu-
rotransmitters in the CNS, where they participate in many 
functions through activation of several ionotropic receptors, 
including the N-methyl-d-aspartate (NMDA), α-amino-3-
hydroxy-5-methyl-4-isoxazole propionate (AMPA), and 
kainate receptors as well as the type I, II, and III metabotropic 
glutamate receptors.40 It has been hypothesized that NMDA 
receptor antagonists may possess neuroprotective proper-
ties and, as a result, antidepressant effects.41 Reports of rapid 
and sustained antidepressant effects following injections of 
the NMDA antagonist ketamine have generated significant 
interest in the field of depression, as has the announcement 
that another NMDA receptor antagonist targeting the NR2B 
subtype, traxoprodil (CP 101 606), has antidepressant effects 
in patients unresponsive to an SSRI.42 Further interest in the 
development of new glutamatergic antidepressants has been 
spurred by a positive double-blind augmentation study of 
the NMDA antagonist and dopaminergic drug amantadine 
in depressed imipramine nonresponders43 and by the robust 
improvement reported in an open trial in TRD of riluzole, 
an agent shown to inhibit the release of glutamic acid as well 
as noncompetitively inhibit the NMDA receptors.44 More 
recently, however, a double-blind, placebo-controlled trial 
involving the use of the NMDA receptor antagonist me-
mantine for the treatment of MDD did not reveal greater 
reduction in depressive symptom severity among patients 
receiving memantine than those receiving placebo.45

A major limitation in testing and potential development 
of NMDA antagonists as antidepressants is that some of these 
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agents may possess hallucinogenic properties and may even 
induce psychotic-like symptoms in subjects with or without 
a history of psychosis.46,47

Unlike NMDA antagonists such as amantadine, the po-
tential role of AMPA, kainate, or metabotropic glutamate 
receptor antagonists in alleviating CNS diseases is not as well 
studied, although there is considerable interest in these com-
pounds as well. Given the beneficial effects of glutamatergic 
agents such as memantine on cognition,48 these agents are 
considered to be potentially effective in the treatment of cog-
nitive dysfunction in depression or in the treatment of MDD 
presenting with prominent cognitive dysfunction.

NICOTINIC RECEPTOR–BASED TREATMENTS

The nicotinic receptor is an ionotropic receptor consist-
ing of 5 subunits.49 In the human CNS, 11 different subunits 
have been identified (α2–9, β2–4), with most nicotinic re-
ceptors consisting of a combination of α and β subunits.49 
The most abundant and widespread nicotinic receptors in 
the mammalian CNS are the α4β2, α3β4, α3β2, and α7 (ie, 
consisting of 5 α7 subunits).50

There is some evidence to suggest a potential role for 
nicotinic receptor antagonists in depression, since several 
antidepressants such as the tricyclic antidepressant imip-
ramine also possess nicotinic receptor antagonist effects.51 
Recent findings have shown TC-5214, the S-(+)-enantiomer 
of mecamylamine, a noncompetitive nicotinic receptor an-
tagonist (α4β2, α4β2, and α7), to be active in animal models 
of depression52 and to be more effective than placebo in aug-
menting SSRIs in TRD in a phase 2b trial.53

In addition, it appears that the various nicotinic-receptor 
subtypes may be involved in different functions includ-
ing memory, cognition, and behavioral reinforcement/ 
addiction. For example, the α4β254 receptors have been 
reported to play a key role in acetylcholine-mediated dopa-
mine release in areas involved in behavioral reinforcement 
and addiction, including the striatum, ventral tegmental 
area, and nucleus accumbens,55 while the α7 receptors have 
been linked to cognitive functions, including learning and 
memory, in preclinical studies.56 Therefore, developing spe-
cific nicotinic receptor ligands, such as α7 receptor agonists 
and α4β2 partial agonists, may offer opportunities to develop 
novel treatments for depression as well as treatments to tar-
get cognitive dysfunction and inattention in depression.

The main obstacle in the drug development of  
pronicotinergic-based treatments for depression is the abuse 
liability associated with nicotinic receptor agonism, which 
is thought to be secondary to nicotinic receptor–mediated 
dopamine release in mesolimbic brain areas associated with 
reward processing.57

NEUROGENESIS-BASED TREATMENTS

There is now good evidence for neuroplasticity impair-
ments, in particular in adult neurogenesis and gliogenesis, 

that are caused by stress and that may contribute to mood 
disorders. Furthermore, studies show that a number of an-
tidepressant therapies appear to increase neurogenesis.58 
These findings have contributed to the idea that novel an-
tidepressant medication development could utilize adult 
neurogenesis and gliogenesis as preclinical cellular mark-
ers for predicting the antidepressant properties of novel 
compounds.58 A recent positive, placebo-controlled, proof-
of-concept trial of a combination therapy of buspirone 
plus melatonin, identified through a neurogenesis-based 
platform,59 certainly supports the idea that this approach 
might identify novel non–monoamine-based antidepres-
sant therapies.

ANTIGLUCOCORTICOID THERAPIES

Basic and clinical studies provide some evidence for 
elevated secretion of the hypothalamic neuropeptides  
corticotropin-releasing hormone (CRH) and vasopressin 
in depression and anxiety, with CRH predominantly acting 
through CRH1 receptors to produce a number of anxiety- 
and depression-like symptoms. These findings suggest that 
CRH1 receptors may be potential drug targets.60 A recent 
report60 summarized the results from clinical studies of 2 
CRH1 receptor antagonists: in the first study, originally de-
signed as a safety and tolerability trial in MDD, the CRH1 
receptor antagonist NBI-30775/R121919 had a clinical pro-
file comparable to that of the antidepressant paroxetine. In 
the second study, which investigated the effect of another 
CRH1 receptor antagonist, NBI-34041, on stress hormone 
secretion in response to a psychosocial stressor, the adminis-
tration of this compound reduced the stress-elicited secretion 
of cortisol. These preliminary studies do suggest that CRH1 
receptor antagonists and other types of antiglucocorticoid 
therapies may represent promising novel therapeutics in the 
psychopharmacology of depression.

OTHER POTENTIAL DIRECTIONS

Further expansions of the current armamentarium of 
drug treatments of depression will depend on the discovery 
of new pathways and targets for antidepressant treatment, 
but fortunately several other lines of psychiatric research 
hold promise for making these discoveries. For example, 
by identifying genes and gene products that are linked to 
increased vulnerability to mood disorders, psychiatric genet-
ics could potentially unearth new mechanisms involved in 
the pathophysiology of depression. Similarly, neuroimaging 
studies are offering a new way of looking at the pathways 
involved in depression, while proteomics and neurohor-
monal research may lead to the discovery of other potential 
treatment targets. It is also likely that the use of biomarkers 
for treatment response may be coupled with the treatment 
development process so that treatments can be targeted 
for specific populations based on neurobiological charac-
teristics. These approaches, combined with advances in 
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nonmedication treatments ranging from the development 
of variants of behavioral therapies to the greater interest in 
somatic treatments such as transcranial magnetic stimula-
tion, make evident the great potential for improving on the 
successes of the most recent generation of antidepressants.

SUMMARY

There are clear limitations to the currently approved 
pharmacotherapies of depression, including the fact that 
they are all essentially monoamine-based, have modest ef-
ficacy and a relatively slow onset of efficacy, and suffer from 
significant tolerability issues, particularly in the long term, 
including sexual dysfunction, weight gain, and cognitive 
impairments. A number of promising novel mechanisms, 
which are not represented in compounds currently approved 
for depression in either the United States or Europe, may 
represent the future in the psychopharmacologic treat-
ment of depression; the hope is that they will address some 
of the efficacy and tolerability issues of currently available 
antidepressants. These potential antidepressant treatments 
include the multimodal serotonergic agents, the triple up-
take inhibitors, the neurokinin-based novel therapies, the 
glutamatergic treatments, the nicotinic receptor–based 
treatments, the neurogenesis-based treatments, and anti
glucocorticoid therapies. In addition, other lines of research 
such as psychiatric genetics and neuroimaging could point 
the way toward other potential new drug mechanisms. Some 
of these mechanisms appear to be more advanced in terms of 
drug development than others, but they all contribute to the 
global effort to develop more effective and better tolerated 
treatments for MDD.
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Anxiety disorders, as a group, are among the 
most common mental health conditions and fre-
quently cause significant functional impairment. 
Both psychotherapeutic and pharmacologic tech-
niques are recognized to be effective management 
strategies. This review provides a discussion of the 
major classes of psychotropic medications inves-
tigated in clinical trials of the following anxiety 
disorders: panic disorder, social anxiety disorder, 
generalized anxiety disorder, posttraumatic stress 
disorder, and obsessive-compulsive disorder. Find-
ings suggest that both selective serotonin reuptake 
inhibitors and serotonin-norepinephrine reuptake 
inhibitors are useful first-line agents for most of the 
anxiety disorders, particularly given the frequent 
comorbidity with mood disorders. Highly seroto-
nergic agents are preferred for obsessive-compulsive 
disorder. Other antidepressants, such as tricyclic 
antidepressants or monoamine oxidase inhibitors, 
are generally reserved as second- and third-line 
strategies due to tolerability issues. Evidence for 
other agents, including anticonvulsants and atypi-
cal antipsychotics, suggests that they may have an 
adjunctive role to antidepressants in cases of treat-
ment resistance, while azapirones have been used 
effectively for generalized anxiety disorder, and a 
substantial body of evidence supports benzodiaz-
epine use in panic disorder and generalized anxiety 
disorder. Despite notable advances, many patients 
with anxiety disorders fail to adequately respond to 
existing pharmacologic treatments. Increased re-
search attention should be focused on systematizing 
pharmacologic and combined pharmacologic- 
psychosocial strategies to address treatment resis-
tance and developing novel treatments for anxiety 
disorders.
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H istorically, the anxiety disorders have received rela-
tively little research attention. Recent epidemiologic 

findings, though, point to their being the commonest class 
of mental illness1 and frequently comorbid with other condi-
tions, both medical and psychiatric. As such, there has been 
increased focus on the need to develop effective treatments, 
both pharmacologic and psychological, to provide symptom 
relief.

There are currently 6 primary anxiety disorders identi-
fied in the DSM-IV-R: panic disorder, generalized anxiety 
disorder (GAD), social anxiety disorder, posttraumatic stress 
disorder (PTSD), obsessive-compulsive disorder (OCD), 
and specific phobia. With the exception of specific pho-
bia (for which exposure therapy or occasional as-needed 
benzodiazepine use has been found to be most helpful), 
both pharmacotherapy and psychological therapies have 
been used as effective treatments for the other anxiety dis-
orders. Although a discussion of effective psychotherapies 
for anxiety disorders is beyond the scope of this review, the 
use of cognitive-behavioral therapy (CBT) is currently the 
gold standard in this regard.2–5 Herein, we provide a review 
of different psychotropic medications used to treat anxiety 
disorders with an emphasis on evidence derived from ran-
domized controlled trials (RCTs).

TRICYCLIC ANTIDEPRESSANTS

Different classes of psychotropic medications have been 
investigated for the treatment of anxiety disorders, with the 
most frequently investigated class being the antidepressants. 
The oldest among these, the tricyclic antidepressants (TCAs), 
have been used in psychiatry since the late 1950s. The TCAs, 
with their 3-ring molecular structure, work by inhibiting 
both serotonin and norepinephrine reuptake from the syn-
aptic cleft.6 TCAs have varying levels of evidence to support 
their use in different anxiety disorders.

In panic disorder, the 2 TCAs that have been most in-
vestigated are clomipramine and imipramine. Evidence 
from several RCTs indicates that either medication is more 
effective than placebo in the acute treatment of panic disor-
der7–13 by reducing the number of panic attacks, decreasing 
anticipatory anxiety, and in some cases reducing the need 
for concurrent benzodiazepine use.14 There is also addi-
tional support for the use of maintenance imipramine or 
clomipramine to decrease the risk of relapse.15,16 Further, 
head-to-head comparison with other classes of antidepres-
sants suggests that TCAs are as effective as newer agents such 
as sertraline and paroxetine17–19 for panic disorder.

In the only double-blind placebo-controlled trial of a TCA 
in GAD, Rickels et al20 found imipramine to be an effective 
anxiolytic, although its success was somewhat hampered by 
the higher reported rate of adverse effects compared to diaze-
pam, the active comparator. In contrast to the evidence base 
that exists for TCAs and the other anxiety disorders, there 
are no placebo-controlled studies for these agents in social 
anxiety disorder. A small (N = 15) open trial21 of imipramine 
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did not find this agent to be an effective treatment for social 
anxiety disorder.

TCAs have also been investigated in PTSD. Amitriptyline 
was found to be superior to placebo in one 8-week trial22 in 
combat veterans, but the overall response rate in both groups 
was quite low by the end of the study (36% amitriptyline vs 
28% placebo). However, desipramine, a TCA that works pri-
marily by blocking norepinephrine reuptake, was not found 
to be particularly effective in a small 8-week double-blind 
crossover trial,23 although the 4-week treatment periods may 
have been too brief to assess a beneficial effect. Two RCTs 
have compared imipramine to phenelzine (see “Monoam-
ine Oxidase Inhibitors and Reversible Monoamine Oxidase 
Inhibitors”).

The majority of controlled evidence investigating TCAs 
in OCD involves studies of clomipramine, a TCA with 
potent inhibition of serotonin reuptake. Clomipramine is 
the only TCA approved by the US Food and Drug Admin-
istration (FDA) for treatment of OCD. In one of the first 
published RCTs of TCAs in OCD,24 clomipramine was found 
to be superior to placebo in ameliorating severity of OCD 
symptoms, while nortriptyline was not. The superiority of 
clomipramine over placebo has been confirmed in a number 
of trials of both acute-phase and continuation treatment.25–27 
Investigators have also explored the efficacy of brief courses 
of intravenous (IV) clomipramine. For instance, Fallon et 
al28 found IV clomipramine significantly more efficacious 
than IV placebo in OCD patients who had failed a course 
of oral clomipramine. However, the more widespread use 
of IV clomipramine as a treatment has been limited by the 
need for close medical supervision and cardiac monitoring 
during administration (reviewed in Ravindran et al29). In 
blinded clinical trials, results of head-to-head comparisons 
of oral clomipramine with newer agents show similar effi-
cacy between agents, but some authors suggest that the novel 
agents (fluvoxamine,30–32 paroxetine,33 venlafaxine34) may  
be more tolerable. Finally, Noorbala et al35 investigated 
whether combining TCAs might provide additional ben-
efit over monotherapy with clomipramine. Subjects were 
randomly assigned in a double-blind fashion to receive 
clomipramine in combination with nortriptyline or clomip-
ramine plus placebo. While both groups improved over time, 
there was an advantage for the combination group in terms 
of both efficacy and onset of improvement.

The major limiting factors to the more widespread use of 
TCAs at this time are their side effect profile, which includes 
prominent anticholinergic and antiadrenergic effects such 
as sedation, constipation, dry mouth, orthostatic hypoten-
sion, and sexual dysfunction, and their well-documented 
risk of toxicity in overdose. These factors, along with the 
ready availability of other effective but more tolerable agents, 
have largely relegated TCAs to third- or fourth-line agents 
for use in treatment resistance. The exception is the use of 
clomipramine in OCD, for which it is largely regarded as 
the gold standard treatment. However, its side effect profile 
means that it is often only considered following a trial of a 

more tolerable serotonergic agent such as a selective sero-
tonin reuptake inhibitor (SSRI).

MONOAMINE OXIDASE INHIBITORS AND 
REVERSIBLE MONOAMINE OXIDASE INHIBITORS

The monoamine oxidase inhibitors (MAOIs) are another 
older class of antidepressants that has been investigated for 
anxiety disorders. They work by irreversibly inhibiting the 
enzyme monoamine oxidase, which is responsible for the 
breakdown of monoamines such as serotonin and nor-
epinephrine, resulting in a net increase in the availability 
of these neurotransmitters in the synapse. Both open and 
double-blind placebo-controlled studies support the use of 
MAOIs for panic disorder.36,37

While no double-blind placebo-controlled trials of 
MAOIs exist to support their use in GAD, there is a well-
established evidence base for their use in social anxiety 
disorder. Phenelzine, in particular, has support for its effi-
cacy from 4 double-blind placebo-controlled trials in which 
alprazolam,38 atenolol,39 moclobemide,40 and most recently 
cognitive-behavioral group therapy41 were used as active 
comparators.

The use of MAOIs in PTSD is more mixed. Two RCTs 
comparing phenelzine to imipramine and placebo for treat-
ment of PTSD found both drugs to be superior to placebo,42,43 
with one of the trials43 suggestive of a slight advantage for 
phenelzine over imipramine. However, Shestatzky et al44 
were unable to replicate these positive results for phenelzine 
in their 10-week double-blind crossover trial.

There is a single placebo-controlled trial45 of MAOIs in 
OCD in which fluoxetine was compared to phenelzine. Flu-
oxetine was found to be significantly more efficacious overall 
than both phenelzine and placebo, although a subgroup of 
patients with symmetry obsessions showed response to 
phenelzine.

As with TCAs, the use of MAOIs is often reserved for 
third- or fourth-line management of anxiety disorders. This 
is due in part to the need to maintain a low-tyramine diet to 
decrease the risk of hypertensive crises, the risk of drug-drug 
interactions, and the side effect burden of these medications 
compared to newer more tolerable agents.

More recently, the use of reversible monoamine oxidase 
inhibitors (RIMAs) has also been investigated. The main ad-
vantage of these agents over their older counterparts is that 
their reversible inhibition of monoamine oxidase means that 
they are not subject to the same stringent dietary require-
ments of the MAOIs, nor do they require a 2-week washout 
period before switching to other antidepressant classes.

Moclobemide is a RIMA available in a number of coun-
tries worldwide, although it is not currently approved for use 
in the United States. Double-blind parallel-group studies46,47 
have found moclobemide to be as effective as both clomipra-
mine and fluoxetine in the acute treatment of panic disorder 
and have provided support for the benefits of maintenance 
therapy with moclobemide up to 1 year. Results of studies 
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with moclobemide in social phobia are generally positive; 
a number of open and double-blind controlled trials found 
moclobemide to be an effective treatment for social anxiety 
disorder with comparable efficacy to phenelzine and citalo-
pram,40,48–51 not only for short-term treatment but also for 
maintenance.40,52,53 Noyes et al54 conducted a double-blind 
trial comparing 5 different fixed doses of moclobemide to 
placebo for 12 weeks. Although the authors observed a trend 
toward efficacy for the higher doses at the 8-week mark, by 
the end of the trial, response rates between all active drug 
groups and placebo were similar. To our knowledge, there 
are no placebo-controlled trials of moclobemide in GAD, 
OCD, or PTSD, although 2 small open trials do suggest a 
utility for moclobemide in PTSD.55,56 Overall, moclobemide 
has been observed to be a well-tolerated medication, with 
insomnia, dizziness, nausea, and headaches among the com-
monest side effects.

Brofaromine, another RIMA with additional effects via 
inhibition of serotonin reuptake, has been investigated in sci-
entific trials of anxiety. As with moclobemide, brofaromine 
has been shown in double-blind RCTs to be superior to pla-
cebo57 and as effective as clomipramine58 or fluvoxamine59 
for panic disorder. In the 3 placebo-controlled RCTs of  
brofaromine in social anxiety disorder, active drug was 
judged superior in all cases.60–62 Trials of brofaromine in 
PTSD are mixed, with 1 multicenter RCT63 suggesting that 
brofaromine is more effective than placebo in subjects with 
PTSD of greater than 1 year’s duration, but a subsequent  
trial64 unable to detect differences in outcome between 
groups. There are no RCTs of brofaromine for GAD or 
OCD. Sleep disturbance, dry mouth, dizziness, and nausea 
are commonly reported adverse effects of brofaromine.

SELECTIVE SEROTONIN REUPTAKE INHIBITORS

The primary mechanism of action of the class of drugs 
known as selective serotonin reuptake inhibitors (SSRIs) is 
inhibition of reuptake at the presynaptic serotonin (5-HT) 
transporter pump, resulting in increased overall levels of 
brain 5-HT. There are currently 6 SSRIs available for clinical 
use: fluoxetine, sertraline, paroxetine (immediate release and 
controlled release formulations), fluvoxamine, citalopram, 
and, most recently, escitalopram. Although each SSRI may 
have different FDA indications for specific anxiety disorders, 
clinicians tend to treat them as having equal efficacy across 
the group. As a class, the SSRIs are considered first-line phar-
macotherapy agents for each of the anxiety disorders due to 
their overall levels of efficacy, safety, and tolerability.

Fluoxetine, paroxetine, and sertraline all carry FDA ap-
provals for use in panic disorder, but all 6 SSRIs have been 
investigated in RCTs for this disorder. Overall, SSRIs are 
considered effective agents in the acute treatment of panic 
disorder, with 3 meta-analytic reviews65–67 finding their ef-
ficacy and tolerability to be comparable to those of TCAs, 
although Bakker et al66 suggested that there were signifi-
cantly fewer dropouts in trials involving SSRIs relative to 

those investigating TCAs. Randomized controlled trials have 
also supported the use of SSRIs for maintenance therapy and 
relapse prevention in panic disorder.15,47,68

Two large, positive, double-blind placebo-controlled  
trials69,70 have been reported that support paroxetine use for 
GAD, and head-to-head RCTs71–73 in GAD have reported 
comparable efficacy among sertraline, escitalopram, and 
venlafaxine XR. A double-blind discontinuation study74 con-
cluded that paroxetine was an effective agent for preventing 
relapse in GAD, noting that twice as many paroxetine-treated 
patients achieved remission compared to those randomly  
assigned to placebo, and placebo-treated patients were 5 
times more likely to relapse during the discontinuation taper. 
Similarly, positive results for sertraline have been reported 
for short-term treatment of GAD,75,76 even in populations 
categorized as moderately to severely ill.77 Escitalopram is 
the other SSRI with published reports of efficacy in GAD 
for both acute and long-term treatment78–80 and, along with  
paroxetine, is officially indicated for GAD. There are no RCTs 
of citalopram, fluvoxamine, or fluoxetine as monotherapy 
for GAD.

As with the other anxiety disorders, multiple trials have 
been published supporting the use of various SSRIs for both 
acute and continuation treatment of social anxiety disorder, 
although only paroxetine and sertraline have been FDA-
approved for this indication. A number of meta-analyses 
have confirmed the utility of SSRIs, finding them signifi-
cantly superior to placebo with respect to both efficacy and 
improvement in psychosocial function.81–85 While 1 meta-
analytic review81 found SSRIs to have greater effect sizes than 
the RIMAs, another82 found them comparable to benzodi-
azepines, while yet another83 was unable to find significant 
differences in efficacy between SSRIs and any of the other 
drug classes examined. However, when issues of tolerability 
were brought into the equation, the consensus was that SSRIs 
should be the preferred first-line treatment for social anxi-
ety disorder.83,84 The only exception to the above literature 
is the single RCT investigating fluoxetine for social anxiety 
disorder.86 In this placebo-controlled trial, no significant 
outcome differences were detected between the active drug 
and placebo, although authors did report a higher-than-usual 
placebo response. Other trials comparing fluoxetine to psy-
chological therapy and placebo have found different results.87 
There are no RCTs of citalopram for social anxiety disorder.

Two SSRIs, sertraline and paroxetine, have FDA indica-
tions for PTSD that follow positive results from several large 
multicenter acute-phase RCTs.88–91 However, 2 subsequent, 
much smaller studies92,93 that primarily studied military 
veterans were unable to find similar benefits for sertraline. 
Longer-term studies94,95 have nevertheless found sertraline to 
be effective at maintaining acute-phase gains and preventing 
relapse. No RCTs of fluvoxamine or escitalopram in PTSD 
have been reported, but there is a single double-blind trial 
comparing citalopram to sertraline and placebo.96 In that 
study, sertraline demonstrated a significant advantage for 
treating avoidance/numbing type symptoms, but no other 
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outcome differences were noted between groups. Although 
a 2007 report published by the Institute of Medicine296 con-
cluded that there was insufficient evidence to support the 
efficacy of SSRIs in PTSD due to the moderate effect sizes 
(~0.5) seen in most pharmacotherapy trials, evidence from 
the above mentioned RCTs and meta-analyses,97,98 taken 
with the frequent presence of comorbid depression in PTSD 
and prevalent nature of SSRI use, means that SSRIs will very 
likely continue to be a mainstay of PTSD treatment for the 
near future.

Several SSRIs (fluoxetine, fluvoxamine, paroxetine, and 
sertraline) carry official FDA indications for OCD, and 
as a class the SSRIs represent the first line of pharmaco-
therapeutic intervention for this disorder. Numerous large, 
well-controlled RCTs involving each SSRI have confirmed 
the efficacy of SSRIs for both acute-phase and continuation 
treatment of OCD.99–113 A recent meta-analysis114 noted that 
the efficacy of SSRIs relative to placebo could be seen be-
tween 6–13 weeks of treatment and further concluded that 
there were no within-class differences in efficacy. Trials of 
SSRIs in OCD have also underscored the importance of using 
doses in the upper end of the dosing spectrum for this popu-
lation.102,107,110,115 Although 3 earlier meta-analyses116–118 
comparing the effects of clomipramine to SSRIs for OCD 
found the TCA to be superior, results from all RCTs com-
paring the agents directly make the difference less clear. 
Nevertheless, despite the recognized efficacy of clomip-
ramine for OCD, clinical guidelines generally recommend 
SSRIs as the first medication class to be tried because of the 
overall balance between efficacy and tolerability.119–121

Despite the prevalent use of SSRIs for anxiety disorders, 
concerns still exist about these medications. Common side 
effects upon initiation of these medications include nausea, 
dizziness, headaches, jitteriness, and both sleep and gastro-
intestinal disturbances—symptoms that are also commonly 
experienced as part of anxiety disorders and therefore of-
ten interpreted as a worsening of anxiety. As such, starting 
with lower than usual doses, gradual titration, and ongoing 
psychoeducation about side effects are necessary when  
using these medications in the anxiety disorder population. 
A discontinuation syndrome with SSRIs has also been docu-
mented and is more common with agents with a shorter 
half-life, such as paroxetine. Gradual tapering or switching 
to an SSRI with a long half-life, such as fluoxetine, may be 
helpful. There is also a risk of drug-drug interactions with 
SSRIs, particularly when they are combined with drugs that 
are also metabolized through the P450 enzyme system. 
Finally, there has been widespread recent media attention 
on the risk of increased suicidal ideation and behavior in 
youth started on these medications. This has resulted in a 
“black box warning” about use of these agents in children 
and people 24 years old or younger. Nevertheless, it has also 
been recognized that in more severe cases where there is also 
substantial functional impairment, the use of SSRIs may be 
appropriate and should be considered on the basis of clini-
cal judgment.

SEROTONIN-NOREPINEPHRINE  
REUPTAKE INHIBITORS 

There are currently 4 serotonin-norepinephrine reup-
take inhibitors (SNRIs) available for clinical use: venlafaxine 
extended release (ER), desvenlafaxine, duloxetine, and  
milnacipran. The majority of research investigating SNRIs 
for anxiety disorders is based on venlafaxine ER, as the latter 
3 have only more recently become available. With respect to 
anxiety disorders, venlafaxine ER is indicated for the treat-
ment of GAD, panic disorder, and social anxiety disorder, 
while duloxetine has also been approved for GAD. Along 
with SSRIs, SNRIs, specifically venlafaxine, are considered 
alternate first-line agents for the treatment of the anxiety 
disorders discussed here.

Venlafaxine is an SNRI with a mechanism that involves 
differential reuptake of norepinephrine and serotonin at  
either end of its dose range. Large double-blind RCTs have 
been published examining the benefits of venlafaxine ER 
relative to placebo in the acute treatment of panic disorder. 
The first large trial122 found that venlafaxine ER–treated 
subjects were not significantly more likely to be free from 
full-symptom panic attacks, but they were more likely to 
have overall decreased panic attack frequency, anticipatory 
anxiety, and avoidant behavior. A more recently published 
report123 found no significant difference between venlafax-
ine ER and placebo on the primary outcome of freedom from 
panic attacks, although the active drug was significantly bet-
ter on secondary outcomes. More favorable results have been 
seen in RCTs comparing venlafaxine to paroxetine. In these, 
venlafaxine ER dosed between 75–225 mg was found to be 
comparably efficacious and tolerable to paroxetine.124,125 
While these studies support the short-term treatment of pan-
ic disorder with venlafaxine ER, Ferguson and colleagues126 
published a report concluding that venlafaxine ER was signif-
icantly more effective than placebo in maintaining the gains 
of acute treatment and preventing relapse during a 6-month 
follow-up. Controlled investigations of the other SNRIs in 
panic disorder consist of 2 open trials of duloxetine127 and  
milnacipran,128 respectively.

The use of venlafaxine ER for short-term treatment 
of GAD is well established based on the results of several 
RCTs.129–131 Head-to-head comparisons with different medi-
cation classes such as SSRIs73,132 and pregabalin133 report 
similar efficacy and tolerability. Longer-term studies134,135 
have also confirmed venlafaxine ER to be efficacious for re-
lapse prevention. Similarly robust results have been found 
for duloxetine in GAD. Rynn et al136 reported that duloxetine 
was superior to placebo not only on measures of efficacy but 
also with respect to improvement of functional impairment. 
In one comparison to venlafaxine,137 both drugs were seen 
to be effective, but venlafaxine-treated subjects experienced 
a greater number of side effects during the tapering period. 
Another placebo-controlled trial138 that compared duloxe-
tine, dosed at either 20 or 60–120 mg/d, to venlafaxine found 
that all 3 active treatments were effective at treating psychic 
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anxiety, but only venlafaxine and high-dose duloxetine 
(60–120 mg) were more beneficial than placebo for somatic 
anxiety. Like venlafaxine, duloxetine has also been shown 
to be effective for relapse prevention139 of GAD. There are 
no published trials of either desvenlafaxine or milnacipran 
for GAD to date.

With the exception of a case-study report of duloxetine, the 
only literature on SNRIs for social anxiety disorder consists of 
trials of venlafaxine ER. Two large double-blind RCTs140,141 
found venlafaxine to be significantly more effective than pla-
cebo, while 2 other placebo-controlled trials142,143 involving 
head-to-head comparisons with paroxetine concluded that 
both active drugs were similarly effective and tolerable. In a 
large 6-month study, Stein et al144 showed that both low-dose 
(75 mg) and high-dose (150–225 mg) venlafaxine ER were 
comparable and superior to placebo; the authors hypoth-
esized that this could mean that the noradrenergic actions of 
venlafaxine—which are essentially nonexistent at the 75-mg 
dose—were not the ones responsible for therapeutic benefit 
in social anxiety disorder.

In a 12-week multicenter placebo-controlled trial,  
Davidson and colleagues145 found venlafaxine ER to be well 
tolerated and comparable in efficacy to sertraline for acute 
treatment of PTSD. Extending these findings, a 6-month 
RCT showed that venlafaxine was superior to placebo in 
improving overall posttraumatic symptoms, with specific 
benefits to the avoidance/numbing and hyperarousal symp-
tom clusters.146 To date, no reports of controlled trials of 
PTSD involving the other SNRIs have been published.

Findings from controlled trials of venlafaxine ER in OCD 
are mixed. Although a small placebo-controlled RCT147 
failed to find evidence of its efficacy, it should be noted that 
the doses of venlafaxine used in the study were relatively 
low (up to 225 mg/d). However, authors of a larger double-
blind parallel-group study148 comparing venlafaxine ER to 
paroxetine concluded that both medications were similarly 
efficacious and tolerable for treatment of OCD. The authors 
subsequently assigned nonresponders from the original 
trial to switch to the alternate antidepressant for a further 
12 weeks. In this case, 42% of the original nonresponders 
eventually converted to responders, but the effect was more 
noteworthy for those switched to paroxetine rather than to 
venlafaxine.149 A double-blind comparison of venlafaxine to 
clomipramine found both medications to be equally effective, 
but venlafaxine-treated patients reported fewer treatment-
emergent adverse effects.34 There are no published reports of 
controlled trials in OCD involving the other SNRIs.

Overall, there is excellent controlled evidence to sug-
gest that SNRIs, particularly venlafaxine, are effective and 
well-tolerated agents for the anxiety disorders discussed 
above. These are the main factors explaining why they are 
considered reasonable alternate first-line agents to SSRIs. 
One disadvantage often cited with the use of venlafaxine in 
particular is the potential not only for side effects but for 
the emergence of adverse events, similar to the SSRI dis-
continuation syndrome, during tapering periods or times 

of noncompliance. The use of SNRIs in anxiety disorders is 
more thoroughly discussed in a recent review.150

OTHER ANTIDEPRESSANTS

The use of alternate antidepressants with unique mech-
anisms of action has also been investigated for anxiety 
disorders, although the literature is sparser. Mirtazapine 
works presynaptically to inhibit the α2 heteroreceptors on 
serotonergic neurons and the α2-adrenergic autoreceptors. It 
also works to selectively block serotonergic 5-HT2 and 5-HT3 
receptors on the postsynaptic neuron, as well as having  
potent antagonist effects at histaminic H1 receptors.151 Three 
open trials152–154 suggested a utility for mirtazapine in the 
short-term treatment of panic disorder, and a double-blind 
parallel-group study155 found it to be comparably efficacious 
to fluoxetine; however, all 4 studies used small samples. An 
open trial conducted by Van Veen et al156 suggested that 
mirtazapine might be useful for treatment of social anxiety 
disorder. A single double-blind placebo-controlled RCT157 
did reinforce this idea, but the population studied was  
limited to females with social anxiety disorder. In the only 
RCT158 of mirtazapine in PTSD, authors were able to demon-
strate symptom improvement on a global measure of change, 
but on no other outcome variables. Twelve weeks of open-
label mirtazapine followed by an 8-week discontinuation 
period indicated that mirtazapine was helpful for OCD,159 
but further controlled trials of mirtazapine monotherapy in 
OCD are lacking. A single-blind placebo-controlled study160 
suggested that combining mirtazapine and citalopram might 
accelerate treatment response in OCD relative to citalo-
pram alone; however, there were no overall differences in 
responder rates by the end of the trial period. At this time, 
there are no RCTs of mirtazapine for GAD.

Bupropion, a norepinephrine and dopamine reuptake 
blocker, has mixed findings from open trials in panic dis-
order,161,162 but lacks data from placebo-controlled RCTs 
to make definitive conclusions. A single RCT163 comparing  
bupropion extended release to escitalopram found both 
agents to effectively treat GAD, but no RCTs exist to support 
bupropion treatment of social anxiety disorder. On the basis 
of the results of 2 controlled trials,164,165 bupropion was not 
found to be an effective treatment for PTSD. There are no 
controlled trials of bupropion in OCD, but in 1 open-label 
study,166 it was not found to be particularly useful.

Nefazodone is an older antidepressant hypothesized to 
work via both antagonism of postsynaptic serotonin 5-HT2A 
receptors and modest inhibition of presynaptic serotonin 
and norepinephrine reuptake. Positive findings from 3 small 
open trials167–169 suggest a potential benefit for nefazodone 
in panic disorder, but no RCTs have confirmed this. Simi-
larly, Hedges and colleagues170 found promising results in 
the only open trial of nefazodone in GAD. By contrast, Van 
Ameringen et al171 demonstrated that nefazodone was not an 
effective treatment for generalized social anxiety disorder in 
their placebo-controlled study. Two controlled studies172,173 
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of nefazodone in PTSD found it to be superior to placebo 
and as effective as sertraline. There are no controlled tri-
als of nefazodone in OCD. Despite the potential utility of  
nefazodone in various anxiety disorders, worries about pos-
sible hepatotoxicity caused this drug to be withdrawn from 
the market in several countries. Although it is still available 
in the United States, these health concerns have likely con-
tributed to the decline in research of this drug.

While the mechanism of action of trazodone is not en-
tirely clear, it is thought to work similarly to nefazodone 
through weak reuptake inhibition of serotonin and norepi-
nephrine and antagonism of 5-HT2A receptors. Although a 
small (N = 11) single-blind trial174 found trazodone to be 
helpful for panic disorder, Charney et al175 found that it was 
neither well tolerated nor effective in their double-blind 
RCT comparing trazodone to imipramine and alprazolam. 
A double-blind placebo-controlled RCT of trazodone, imip-
ramine, and diazepam for GAD found all active treatments 
to be helpful, with a slight superiority for both antidepressant 
agents.20 In their small double-blind placebo-controlled trial, 
Pigott et al176 did not find trazodone to be a useful agent for 
treatment of OCD.

ANTICONVULSANTS

Nonbenzodiazepine drugs with anticonvulsant activity 
are commonly used in the treatment of different psychiatric 
illnesses. On the basis of the hypothesis that clinical anxiety 
results from excessive neuronal activation of fear circuits, it 
has been theorized that anticonvulsant drugs may potentially 
reduce this excitation in a similar fashion to the way in which 
they decrease epileptic burst firing.177 These drugs often dif-
fer significantly from each other with respect to chemical 
structure, and, further, their mechanisms of anxiolytic action 
are frequently poorly understood. Nevertheless, researchers 
have investigated their use in the different anxiety disorders 
with varying results. There are only 2 double-blind placebo-
controlled trials of anticonvulsants in panic disorder, both 
with limited success. In the first RCT, which examined gaba-
pentin compared to placebo for panic disorder, Pande et al178 
were unable to find an overall difference between treatment 
groups, but a post hoc analysis suggested that gabapentin had 
an advantage for treatment of the subgroup with more severe 
illness at baseline. More recently, Zwanzger and colleagues179 
were unable to detect differences in outcome between groups 
receiving tiagabine or placebo for 4 weeks. In an earlier con-
trolled open trial,180 carbamazepine was similarly found to 
display a lack of benefit for panic disorder. In contrast to 
these negative trials in patients with panic disorder, positive 
open trials and case series of valproate,181,182 vigabatrin,183 
and levetiracetam184 have been published but lack more con-
trolled evidence to substantiate the findings.

For GAD, pregabalin has the greatest amount of sup-
port, with 6 positive double-blind placebo-controlled RCTs 
published. The first 4 of the trials focused on optimal dos-
ing of the drug for the short-term treatment of GAD.185–188 

With the exception of 1 study,185 all investigated doses of 
pregabalin (200–600 mg/d) were superior to placebo at 
decreasing overall anxiety (somatic and psychic), and im-
provements were frequently observed as early as the first 
week. Three185,186,188 of the 4 trials used a benzodiazepine 
as an active comparator, and pregabalin was found simi-
larly efficacious to these agents in these studies. In 2006, 
Montgomery et al133 conducted a placebo-controlled trial 
comparing venlafaxine to 2 different doses of pregabalin in 
patients with moderate to severe GAD. All 3 active treatment 
groups showed significant improvement, with pregabalin 
showing a slightly earlier time to response than venlafaxine. 
Continuation treatment with pregabalin has also been shown 
to be an effective strategy at preventing relapse in GAD.189 
Tiagabine, a γ-aminobutyric acid (GABA) reuptake inhibi-
tor with anticonvulsant properties, has had mixed results 
in GAD. A 10-week open trial297 that randomly assigned 
patients to treatment with either tiagabine or paroxetine 
found that both drugs were well tolerated and similarly ef-
fective in reducing anxiety symptoms. However, Pollack and 
colleagues190 failed to find a difference between tiagabine 
and placebo on the primary outcome analyses of their mul-
ticenter 8-week double-blind RCT. In a double-blind trial of 
males with GAD,191 68% of subjects receiving valproate were 
deemed responders compared to only 16% of those receiv-
ing placebo. Riluzole, a glutamate modulator, showed some 
promise as a treatment of GAD when results from an open 
trial192 indicated that 80% of completers responded and 53% 
remitted, but further investigation is needed.

A variety of anticonvulsants have been investigated as 
potential treatments for social anxiety disorder. Although 
there was initial promise for levetiracetam,193 1 small and 
1 large placebo-controlled trial194,195 have since found it in-
effective. Double-blind RCTs have also shown support for 
gabapentin196 and for high-dose pregabalin (600 mg/d), al-
though low-dose pregabalin (150 mg/d) was found to be no 
better than placebo.197 Although there is a lack of controlled 
evidence, results of open trials indicate that valproate,198  
topiramate,199 and tiagabine200 may also be useful in social 
anxiety disorder.

Few controlled trials of anticonvulsants have been pub-
lished in PTSD. A small pilot study201 did find lamotrigine 
monotherapy to be helpful. A subsequent RCT202 of topira-
mate monotherapy was similarly positive, but a double-blind 
study203 of topiramate augmentation in patients with PTSD 
was unable to find such a benefit, although the elevated at-
trition rates in the latter study might have affected results. A 
large multicenter RCT298 failed to find tiagabine to be an ef-
fective treatment for PTSD, and 2 negative RCTs of valproate 
in adult PTSD have now been published.204,205

There are no controlled studies of anticonvulsant mono-
therapy for OCD and only limited literature on augmentation 
with anticonvulsants. In a study by Onder et al,206 subjects 
with OCD were randomly assigned to receive either fluoxe-
tine alone or fluoxetine and gabapentin. Results showed that 
the combination treatment seemed to accelerate response, 
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although there were no statistical differences in outcome at 
endpoint. Case reports and a retrospective case series sug-
gest a possible role for topiramate207,208 and lamotrigine209 in 
OCD, but no controlled trials have been published to date.

With the exception of pregabalin for GAD, the paucity of 
double-blind trials and the frequently mixed results would 
suggest that anticonvulsant monotherapy be largely reserved 
for cases of treatment resistance or possibly as augmentation 
of a more established first-line agent in the treatment of anxi-
ety disorders.

ATYPICAL ANTIPSYCHOTICS

The introduction of the atypical antipsychotics into the 
psychiatric pharmacopoeia during the 1990s transformed 
the management of schizophrenia. That these drugs also had 
serotonergic properties and could be used to successfully aug-
ment antidepressant effects in mood disorders led to interest 
in uncovering a possible additional role for anxiety disorders. 
In their small (N = 10) open-label trial of olanzapine mono-
therapy in patients with treatment-refractory panic disorder, 
Hollifield et al210 found that patients experienced a signifi-
cant decrease in anticipatory anxiety by study end, with 50% 
of participants free of panic attacks. In a subsequent open 
trial211 of SSRI augmentation with low-dose olanzapine in a 
similar population, 82% of subjects were deemed respond-
ers by study end, with a 58% remission rate in those who 
completed the trial. Risperidone monotherapy was compared 
to paroxetine in a recent randomized, rater-blinded study.212 
Both groups showed similar improvement, but a post hoc 
analysis suggested that risperidone might work slightly faster. 
Placebo-controlled studies of atypical antipsychotics in panic 
disorder are lacking.

In GAD, controlled evidence for atypical antipsychotics 
has so far been limited to augmentation studies. Olanzapine 
augmentation of fluoxetine resulted in a significantly greater 
proportion of responders than placebo, but the olanzapine-
treated group also gained significantly more weight.213 A 
double-blind RCT214 of low-dose risperidone augmentation 
resulted in significantly greater reductions of both psychic and 
overall anxiety in the treatment group, but responder rates were 
not statistically different. A more recent double-blind RCT215 
also failed to find a difference between low-dose risperidone 
augmentation and placebo on primary endpoints, although 
post hoc analyses suggested a possible role for risperidone  
in subjects with more severe GAD. Despite the promising 
results of an open-label study of quetiapine augmentation216 
in treatment-refractory GAD, Simon and colleagues217 
were unable to find benefits to quetiapine augmentation of 
paroxetine CR in a placebo-controlled RCT. Open-label aug-
mentation with aripiprazole, an atypical antipsychotic with 
partial agonism at both the D2 and 5-HT1A receptors, resulted 
in significant improvement in a small group of patients with 
refractory GAD and secondary depression diagnoses.218 
However, the authors were unable to determine whether 
the overall benefits were due to improvement of anxious or 

depressive symptoms. A small open trial219 of ziprasidone 
augmentation has also shown promising results, but replica-
tion of the results in a larger controlled trial is needed.

A double-blind RCT220 of olanzapine monotherapy for 
social anxiety disorder resulted in significantly better clinical 
outcome than placebo. Although weight gain was minimal 
and similar between groups, subjects receiving olanzapine 
had greater complaints of dry mouth and drowsiness. Au-
thors of a small open trial221 of quetiapine monotherapy in 
social anxiety disorder reported positive findings, but results 
of a subsequent RCT222 failed to distinguish between active 
treatment and placebo on primary outcomes.

Controlled evidence of atypical antipsychotics in PTSD 
largely consists of augmentation trials, but with conflict-
ing results. Of the trials investigating augmentation with 
risperidone, 3 trials223–225 found the drug to benefit the 
reexperiencing or hyperarousal symptom clusters, but no 
improvements were seen in the avoidance/numbing cluster. 
Hamner et al226 found risperidone specifically helpful for 
psychotic but not overall posttraumatic symptoms. Similarly, 
Rothbaum et al227 was unable to find benefits for risperidone 
augmentation for overall posttraumatic symptoms or even 
individual symptom clusters. In contrast, the single RCT228 
of olanzapine augmentation showed significant reductions 
in overall scores of PTSD measures as well as improvements 
in sleep and depression. However, authors were concerned 
about the mean weight gain of 13 lb in subjects treated with 
olanzapine. Monotherapy with risperidone was investigated 
in an RCT229 of women with PTSD, with the results show-
ing benefit on the primary outcome measure (total score 
on the Treatment Outcomes Post-traumatic Stress Disorder 
Scale-8) but none of the secondary measures. Results of the 
single RCT230 of olanzapine monotherapy for PTSD failed to 
demonstrate a beneficial effect, but that study was small and 
possibly underpowered.

Virtually all published trials of atypical antipsychotics in 
OCD consist of augmentation studies in patients who have 
not responded to a course of SSRIs, and results are mixed. 
While authors of several placebo-controlled RCTs found 
evidence to support augmentation with olanzapine,231 ris-
peridone,232,233 and quetiapine,234,235 other investigators 
failed to find these atypical antipsychotics efficacious for 
this purpose.236–239 Head-to-head comparisons involving 
these agents have also been studied. A single-blind trial 
conducted by Maina et al240 compared olanzapine and ris-
peridone augmentation in subjects resistant to serotonin 
reuptake inhibitors. Both agents were found to be equally 
effective at reducing obsessive-compulsive symptoms, but 
the adverse event reports differed between groups, with the 
main complaints being amenorrhea in the risperidone group 
and weight gain in the olanzapine group. A double-blind  
placebo-controlled crossover trial comparing risperidone and 
haloperidol augmentation found them to be equally effective 
at treating obsessions, although risperidone was significantly 
better at improving depressive symptoms and was generally 
better tolerated.241 Using findings from the above studies, a 
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recent meta-analysis by Bloch and colleagues242 concluded 
that augmentation with atypical antipsychotics could be a 
helpful strategy for treatment-resistant OCD. Benefits were 
most evident with risperidone, but evidence was inconclu-
sive for both olanzapine and quetiapine. A single pilot trial243 
of atypical antipsychotic monotherapy has been published 
using open-label aripiprazole, one of the newest atypical 
antipsychotics. Treatment with aripiprazole resulted in sig-
nificant improvement in compulsive symptoms, and overall 
improvement showed a trend toward significance (P = .06). 
However, the results need to be replicated with a larger popu-
lation under controlled conditions. An open-label study244 of 
aripiprazole augmentation in a population with treatment-
resistant OCD also showed promising results.

It is clear that the evidence base of atypical antipsychotics 
for anxiety disorders is still quite sparse. There is an urgent 
need for larger and more definitive trials to validate the com-
mon clinical strategy of augmenting antidepressants with 
these agents when managing anxiety disorders. Further, the 
worrisome side effect burden of these agents, which often in-
cludes substantial weight gain and other metabolic sequelae, 
also needs to be addressed in these studies to develop better 
ways of managing it, particularly since these side effects may 
have a considerable effect on both general medical health 
and compliance.

AZAPIRONES

Buspirone is a psychotropic medication that exerts its 
anxiolytic effect via partial agonism of the 5-HT1A receptor. 
Buspirone is currently the only one of its class (the azapirones) 
to have regulatory approval in the United States, where it  
is indicated for the treatment of anxiety that would come 
closest to what we would currently define as GAD. However, 
published trials of buspirone for other anxiety disorders also 
exist. Findings for buspirone in panic disorder are gener-
ally unfavorable. Two randomized placebo-controlled trials 
have been published comparing buspirone to imipramine. In 
one,245, no significant differences were found between all 3 
groups, while the other246 found that only imipramine was 
superior to placebo. Similarly, a randomized head-to-head 
comparison of buspirone and clorazepate found the latter 
agent to be significantly more efficacious.247

There are several RCTs of buspirone in GAD. The vast 
majority of these are head-to-head or placebo-controlled 
trials comparing buspirone to benzodiazepines. Buspirone 
was generally found to be as efficacious and tolerable as the 
benzodiazepines. In the only RCT129 comparing buspirone 
to a newer antidepressant, both venlafaxine and buspirone 
were found to be superior to be placebo, although venlafax-
ine demonstrated greater efficacy on one anxiety measure.

There are conflicting findings on the efficacy of buspi-
rone in social anxiety disorder. Modest efficacy was found 
by Schneier and colleagues248 in their 12-week open trial, but 
in a double-blind RCT, van Vliet et al249 were unable to find 
outcome differences between buspirone and placebo.

A positive preliminary open trial250 in PTSD suggested a 
possible role for buspirone in this disorder, but no RCTs have 
been published to substantiate this.

Controlled trials of buspirone in OCD also demonstrate 
mixed findings. While an early open trial251 of buspirone 
monotherapy failed to demonstrate benefit for any of the 
14 patients enrolled, a double-blind RCT252 comparing  
buspirone to clomipramine found both agents to be simi-
larly effective at improving obsessive-compulsive symptoms.  
Buspirone augmentation in patients with insufficient re-
sponse to serotonin reuptake inhibitors has also been 
studied. Two open trials253,254 of buspirone augmentation of 
an SSRI showed promising results, but subsequent findings 
from both open and double-blind trials failed to support this 
practice.255–257

While tolerability and low potential for dependence are 
advantages over benzodiazepine use, buspirone can often 
take a few weeks to show clinical effect. Further, its limited 
efficacy for anxiety disorders means that it is mainly rel-
egated to use for uncomplicated GAD. However, since GAD 
is commonly comorbid with other anxiety and mood disor-
ders, even here other antidepressants are the preferred first 
choice.

BENZODIAZEPINES

The benzodiazepines have been a mainstay of anxiety 
disorder treatment for many years. These drugs work by 
binding to a specific site on the GABA-A receptor, result-
ing in an enhanced effect of the inhibitory neurotransmitter 
GABA. Benzodiazepines have many properties including 
anxiolytic, anticonvulsant, muscle-relaxant, and sedative 
actions. The multiple benzodiazepines are usually classified 
by their elimination half-life into short-, intermediate-, and 
long-acting. Their tolerability and rapid onset of effect have 
contributed to their continued use in the anxiety disorders.

Several RCTs of benzodiazepines in panic disorder  
have been published supporting their use (reviewed in  
the American Psychiatric Association Practice Guidelines  
for the Treatment of Patients With Panic Disorder258).  
Alprazolam, a short-acting benzodiazepine, was the first 
medication to receive regulatory approval by the FDA for 
the treatment of panic disorder following the results of 2 
large multicenter studies.259,260 Not only has alprazolam been 
found to be significantly superior to placebo and comparable 
in efficacy to imipramine, but clinical improvement was also 
seen sooner with alprazolam than with imipramine.260 Other 
studies have confirmed the utility of alprazolam for panic 
disorder261–266 in reducing frequency of panic attacks, phobic 
avoidance, and anticipatory anxiety, as well as maintaining 
gains during continuation treatment.267–269 Studies have 
also validated the utility of clonazepam, the other benzo-
diazepine FDA-approved for use in panic disorder,264,270–272 
as well as diazepam261,273,274 and lorazepam.275,276 Overall, 
meta-analytic comparisons of the different drug classes used 
in panic disorder found that benzodiazepines had similar 
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effect sizes compared to either SSRIs or TCAs.67,277 There 
has also been interest in combining benzodiazepines with 
other agents to assess whether this affects response. Two tri-
als278,279 showed that coadministration of a benzodiazepine 
and SSRI conferred an earlier benefit compared to an SSRI 
alone, although this advantage was not sustained by trial 
end.

As with panic disorder, studies of benzodiazepines in 
GAD are numerous, and, as a result, alprazolam has been 
approved by the FDA for use in this disorder. One meta-
analytic review280 of pharmacologic agents used in GAD 
found benzodiazepines to be as effective as the azapirones, 
although compliance was noted to be greater with the benzo-
diazepines. A more recent meta-analysis281 showed moderate 
effect sizes for benzodiazepines that were comparable to 
those of SSRIs and venlafaxine.

Three controlled trials of benzodiazepine monotherapy, 
all involving clonazepam, have been reported for social 
anxiety disorder. The first 2 trials282,283 concluded that  
clonazepam was significantly superior to placebo in the acute 
treatment of social anxiety disorder. Connor et al284 found 
that responders to 6 months’ treatment with clonazepam 
were significantly less likely to relapse compared to those 
who switched to placebo, suggesting that continuation treat-
ment with clonazepam is a safe and effective strategy for 
social anxiety disorder.

Limited evidence for benzodiazepine use in PTSD exists. 
In 1 double-blind crossover study,285 alprazolam was helpful 
for nonspecific anxiety but not specific posttraumatic stress 
symptoms, while Cates et al286 failed to find evidence that 
clonazepam was helpful to treat sleep disturbance in PTSD. 
Findings of 2 studies287,288 investigating whether benzo-
diazepine administration in the aftermath of trauma might 
prevent PTSD development were negative, with investigators 
even suggesting the possibility of deleterious effects. Given 
the paucity of effective pharmacotherapies for PTSD, the 
use of benzodiazepines—which are so effective in the other 
fear-based anxiety disorders such as panic disorder and the 
phobias—in PTSD should be further explored with large-
scale controlled studies.

Reports of controlled trials of benzodiazepines in OCD 
are few. A double-blind multiple crossover study289 compar-
ing psychotropic medications with different mechanisms 
found both clonazepam and clomipramine to be signifi-
cantly superior to the control medication. The authors noted 
that the benefits of clonazepam over the other medications 
were seen within the first 3 weeks of its use. In contrast, a 
placebo-controlled RCT290 failed to demonstrate the superi-
ority of clonazepam over placebo with respect to either rates 
of response or degree of symptom improvement. Similarly, 
in a double-blind placebo-controlled RCT291 of clonazepam 
augmentation of sertraline, no differences were detected  
between groups.

Enthusiasm for benzodiazepine use in anxiety disorder 
has waned in the face of several factors. Although these 
medications are often tolerated well and have the ability to 

provide rapid and effective relief of symptoms, clinicians are 
often concerned about more severe adverse effects such as 
oversedation, cognitive impairment, and psychomotor inco-
ordination. Benzodiazepines are dangerous in overdose, and 
individuals discontinuing benzodiazepine use may experi-
ence uncomfortable withdrawal symptoms. Further, 2 of the 
most cited reasons for a general reluctance to use benzodiaz-
epines are the risk of tolerance and dependence in long-term 
use. While this is certainly a risk, longer-term follow-up 
studies of patients receiving clonazepam or alprazolam for 
panic disorder showed little evidence of tolerance, while not-
ing that a majority of patients maintained their treatment 
gains.267,269,292,293 That being said, one population in whom it 
would be prudent to exercise more care is individuals with a 
history of substance abuse. Although not specifically prohib-
ited in these cases, benzodiazepine use should be undertaken 
only after a frank discussion about the risks with an emphasis 
on the need for careful monitoring. Overall, benzodiazepines 
represent a valuable treatment option for anxiety, particularly 
for panic disorder, GAD, and, in some cases, social anxiety 
disorder. However, benzodiazepines are often overlooked in 
favor of other conventional agents for other reasons. Anxi-
ety disorders are frequently comorbid with other psychiatric 
illnesses, particularly depressive disorders. Since benzodiaz-
epines have no recognized antidepressant effects, the use of 
a conventional antidepressant agent in these cases is more 
appropriate. A popular strategy for using benzodiazepines 
in anxiety disorders is short-term use during initiation of an 
antidepressant agent, as these may take time to display thera-
peutic benefit. Not only does this coadministration have the 
benefit of providing some initial symptom relief, but it may 
also attenuate some of the more agitating side effects that can 
be seen when starting an antidepressant. Once patients are 
stabilized on treatment with antidepressants, clinicians will 
often opt to taper the benzodiazepine.

DISCUSSION

The pharmacologic management of anxiety disorders 
has made great progress over the last few decades; however, 
large gaps continue to exist in the literature and in practical 
implementation of the evidence. A number of clinical tri-
als involving SSRIs have, by and large, been well powered 
and well replicated, but pilot studies or open trials involving 
other medication classes need to be replicated and investi-
gated in larger populations to validate findings. There are 
a large number of augmentation studies with atypical anti-
psychotics for OCD, although, even here, the findings are 
not generally conclusive. With the exception of this instance, 
augmentation and combination studies of pharmacologic 
agents to systematically identify next-step strategies for cases 
of treatment resistance are generally few and far between. 
More recently, investigators294,295 have been attempting to 
address this deficit.

There has also been an increased effort to delineate spe-
cific neurobiological dysfunctions underlying the different 
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anxiety disorders in the hope that this may help clinicians 
to better target symptoms with the appropriate pharmaco-
logic agents and may also be of use in developing new drugs.  
Genetics and neuroimaging are 2 streams of research that will 
be of critical importance in extending this field further.

Although developing more effective psychotropic drugs 
would be helpful, it is also important to be open to using 
more novel therapies, such as repetitive transcranial mag
netic stimulation, that could be employed either on their 
own or in combination with existing pharmacotherapeutic 
agents. Despite the gaps in the literature, findings from the 
above studies have provided invaluable information to cli-
nicians, aiding them to more effectively provide symptom 
relief and improved quality of life for patients suffering from 
this often debilitating group of illnesses.

Drug names: alprazolam (Xanax, Niravam, and others), aripipra-
zole (Abilify), atenolol (Tenormin and others), bupropion (Aplenzin, 
Wellbutrin, and others), buspirone (BuSpar and others), carbamazepine 
(Carbatrol, Equetro, and others), citalopram (Celexa and others), clo-
mipramine (Anafranil and others), clonazepam (Klonopin and others), 
clorazepate (Gen-Xene, Tranxene, and others), desipramine (Norpramin 
and others), desvenlafaxine (Pristiq), diazepam (Diastat, Valium, and  
others), duloxetine (Cymbalta), escitalopram (Lexapro), fluoxetine 
(Prozac and others), fluvoxamine (Luvox and others), gabapentin 
(Neurontin and others), imipramine (Tofranil, Surmontil, and others), 
lamotrigine (Lamictal and others), levetiracetam (Keppra and others), 
lorazepam (Ativan and others), milnacipran (Savella), mirtazapine 
(Remeron and others), nortriptyline (Pamelor, Aventyl, and others), 
olanzapine (Zyprexa), paroxetine (Paxil, Pexeva, and others), phenelzine 
(Nardil), pregabalin (Lyrica), quetiapine (Seroquel), riluzole (Rilutek 
and others), risperidone (Risperdal and others), sertraline (Zoloft and 
others), tiagabine (Gabitril), topiramate (Topamax and others), trazo-
done (Oleptro and others), valproate (Depacon and others), venlafaxine 
(Effexor and others), vigabatrin (Sabril), ziprasidone (Geodon).
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Publisher’s Note

NCDEU Festschrift—Celebrating 50 Years

During the past year, the Journal has been pleased to publish a series of special articles 
celebrating the 50th anniversary of NCDEU (New Clinical Drug Evaluation Unit) of 
the National Institute of Mental Health. Each of these pieces has been written by world  
renowned researchers and has highlighted the importance of psychopharmacologic treat-
ment of psychiatric disorders. These articles are gems and are the result of a thoughtful 
exploration of a variety of topics. It has been our privilege to publish them in JCP.

Individually, each article has a particular focus. Collectively, however, they demonstrate 
how far the field has progressed during the past half century. On a personal note, reading 
these articles brings a tremendous feeling of satisfaction, for many of the seminal articles 
about new and developing drug treatments appeared in the pages of The Journal of Clinical 
Psychiatry and its former title, Diseases of the Nervous System, during the course of our 72 
years of dedicated service to the field.

This year marks a watershed change for the annual NCDEU meeting because it is being 
held under the auspices of the American Society of Clinical Psychopharmacology (ASCP), 
for which JCP is the official journal. Under the direction of the ASCP, this annual event will 
no doubt grow in size and stature and be filled with fascinating lectures and interesting 
posters.

We have an exciting offer to mark the end of this special series of publications. Subscribe 
to or renew your subscription to the Journal, and you will receive a free PDF collection of 
the articles. Visit psychiatrist.com/subscribe to learn more.

John S. Shelton, PhD
Publisher

doi:10.4088/JCP.11pn06967
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