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Objective:OnApril 23, 2004, a joint meeting of the FDA,
NIMH, MATRICS investigators, and experts from aca-
demia and the pharmaceutical industry was convened to
develop guidelines for the design of clinical trials of cog-
nitive-enhancing drugs for neurocognitive impairments
in patients with schizophrenia. Method: Experts were
asked to address specific questions relating to clinical tri-
al design of adjunctive/co-treatment and broad spectrum
agents. At the workshop, experts reviewed relevant evi-
dence before offering the discussion panel proposed
guidelines for a given subset of questions. The discussion
panel, which consisted of presenters and representatives
from FDA, NIMH, academia, and industry, deliberated
to reach consensus on suggested guidelines. When evi-
dence was insufficient, suggested guidelines represent
the opinion of a cross-section of the presenters and dis-
cussion panel. Results: Guidelines were developed for in-
clusion criteria, the use of co-primary outcome measures,
and statistical approaches for study design. Consensus
was achieved regarding diagnostic and concomitant med-
ication inclusion criteria and on the use of cognitive
screening measures. A key guideline was to limit the trial
to patients in the residual phase of their illness, who have
a predefined level of positive, negative, and affective
symptoms. The most difficult issues were the feasibility
of including a co-primarymeasure of functional improve-
ment and the choice of comparator agent for a trial of
a broad spectrum agent (with antipsychotic and cogni-
tive-enhancing effects). Conclusions: The suggested gui-
delines represent reasonable starting points for trial design
of cognitive-enhancing drugs, with the understanding
that new data, subsequent findings, or other methodolog-
ical considerations may lead to future modifications.

Introduction

Cognitive impairments are a core feature of schizo-
phrenia and a major determinant of poor functional out-

come (1,2). No current pharmacological treatments
expressly target these impairments. Conventional anti-
psychotics have only modest effects on cognition (3).
In comparison to conventional antipsychotics, second
generation antipsychotics (SGAs) may have additional
benefits (4), but it is not known whether these benefits
represent direct cognitive enhancement or indirect effects
mediated through decreased extrapyramidal and associ-
ated symptoms or through decreased need for concomi-
tant anticholinergic agents (4,5). Regardless, patients
adequately treated with SGAs continue to exhibit
marked cognitive impairments. In the absence of effective
treatments, development of medications to treat cogni-
tive impairments is a high public health priority.
Responding to the need for new drugs to treat cogni-

tive impairments, theNational Institute ofMental Health
(NIMH) established the initiative: Measurement and
Treatment Research to Improve Cognition in Schizophre-
nia (MATRICS). The initiative has four main goals, in-
cluding development of novel pro-cognitive agents and
facilitation of their regulatory approval. This paper sum-
marizes the proceedings of the April 2004 FDA-NIMH-
MATRICSWorkshop on Clinical Trial Designs for Neu-
rocognitive Drugs for Schizophrenia, the purpose of
which was to arrive at evidence-based suggested guide-
lines on clinical trial design for establishing therapeutic
efficacy of two general types of potential pro-cognitive
agents: adjunctive/co-treatment agents and broad spec-
trum agents. Adjunctive/co-treatment agents have cogni-
tive impairments as their primary indication, whereas
broad spectrum agents have cognitive impairments and
other symptoms of schizophrenia as co-primary indica-
tions. The lack of consensus on clinical trial design to es-
tablish therapeutic efficacy has been a formidable barrier
to drug development.

Methods

Prior to the FDA/NIMH/MATRICS workshop, a
steering committee comprised of NIMH, FDA, and
MATRICS scientists selected experts in these areas: cog-
nitive impairments in schizophrenia, neurocognition,
neuropharmacology, clinical trial methodology, and bio-
statistics. The experts were asked to address specific ques-
tions relating to clinical trial design of adjunctive/
co-treatment and broad spectrum agents. Questions were
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grouped under three topic areas: 1) inclusion criteria; 2)
outcome measures; and 3) other design and statistical
issues. At the workshop, experts reviewed relevant evi-
dence before offering the discussion panel their proposed
guidelines for a given subset of questions. The discussion
panel, which consisted of the expert presenters, steering
committee members, and representatives from FDA, ac-
ademia, and industry (see list at end of manuscript), de-
liberated to reach consensus on suggested guidelines.
When evidence was insufficient, suggested guidelines rep-
resent the opinion of a diverse cross-section of experts.
This paper is the consensus of presenters, steering com-
mittee members, and the discussion panel.

Results

This section provides each question regarding clinical
trial design, followed by the suggested guideline and its
rationale.

Inclusion Criteria

Question 1: DIAGNOSIS. Among the major psychotic
disorders, what is the evidence that schizophrenia and
related disorders are characterized by a unique pattern of
cognitive impairments? Suggested Guideline. Schizo-
phrenia and schizoaffective disorder share a similar pat-

tern of cognitive impairments, which is distinct from
patterns in major depression, bipolar disorder, and
Alzheimer’s dementia. However, because the current
approach of the FDA to approval/labeling reflects
greater diagnostic specificity of the targeted population,
studies of potential cognitive-enhancers should initially
include only patients with schizophrenia.
Rationale. Meta-analyses suggest that patients with

schizophrenia are characterized by a distinctive pattern
of cognitive impairment (2,6–11; see Figure 1), which
involves maximal impairment in memory, attention,
and reasoning and problem solving. General verbal abil-
ity (e.g. vocabulary) and visual spatial ability are less im-
paired. Specialized memory retention indices do not
reveal greater impairments than more immediate recall
memory measures, suggesting that initial encoding diffi-
culties rather than differential forgetting may be primar-
ily responsible for memory impairments. Patients with
schizoaffective disorder show a very similar pattern to
that observed in schizophrenia (12,13).
In contrast, the characteristic profile in major depres-

sive disorder emphasizes maximal impairment in verbal
fluency, delayed episodic memory, and effortful, timed
tasks (7). General verbal ability is relatively preserved,
and problem-solving flexibility is minimally impaired.
Thepattern of cognitive impairment in patientswith bipo-
lar disorder, especially in the euthymic state, also differs

Fig. 1.
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from that of schizophrenia (8). Euthymic bipolar patients
show a selective cognitive impairment pattern that is dis-
tinctive from the typical broad, enduring pattern of cog-
nitive impairments in schizophrenia (9; see Figure 1). A
further distinctive feature of cognitive impairments in
schizophrenia is that several core cognitive impairments
in schizophrenia are relatively stable across fluctuations
in clinical symptoms. This characterizes early perceptual
encoding and sustained, focused attention across psy-
chotic and fully remitted clinical states (14) and several
other cognitive functions across less dramatic changes
in clinical states (15–18). Thus, in contrast to mood disor-
ders, the presence of cognitive impairments in schizophre-
nia is relatively independent of clinical state, though the
severity of the impairment may fluctuate with change in
symptoms (see below for further discussion of this issue).

Finally, meta-analysis shows that the neurocognitive
profile in Alzheimer’s dementia is characterized by
very large deficits in visual and verbal immediate recall
and distinctive additional deficits in retention of newly
learned information that do not occur in schizophrenia
(10). Specialized indices of memory retention show
even more dramatic differences between Alzheimer’s de-
mentia and schizophrenia than do typical neuropsycho-
logical test scores (11).

Question 2: CLINICAL STATE AND SYMPTOM
SEVERITY. What design approaches should be used to
isolate change in neurocognitive domains from changes in
other symptom domains? Suggested Guideline. To iso-
late change in cognitive function from change in symp-
toms and other clinical features, include subjects who:
a) have been clinically stable and in the residual (non-
acute) phase of their illness for a specified period of
time (e.g., 8–12 weeks); b) have been maintained on cur-
rent antipsychotic and other concomitant psychotropic
medications for a specified period of time sufficient to
minimize potential complications of assessment of cogni-
tive status (e.g., 6–8weeks) and on current dose for a spec-
ified time period (e.g., 2–4 weeks); c) have no more than
a ‘‘moderate’’ severity rating on hallucinations and delu-
sions (e.g., Brief Psychiatric Rating Scale (BPRS) Hallu-
cinatory Behavior or Unusual Thought Content item
score # 4); d) have no more than a ‘‘moderate’’ severity
rating on positive formal thought disorder (e.g., BPRS
Conceptual Disorganization item score # 4); e) have
no more than ‘‘moderate’’ severity rating on negative
symptoms (e.g., all Scale for the Assessment of Negative
Symptoms global items 3 or Positive and Negative Syn-
drome Scale–negative syndrome total score # 15); and e)
have a minimal level of extrapyramidal symptoms (e.g.,
Simpson-Angus Scale total score # 6) and depressive
symptoms (e.g., Calgary Depression Scale total score
# 10). These suggested guidelines apply to studies of ei-
ther adjunctive/co-treatment or broad spectrum agents.

Rationale. A major methodological issue in evaluating
drug efficacy for cognitive impairment is the isolation of
the drug effect on cognition from other concurrent
changes in clinical status that also may affect cognitive
performance. The failure to distinguish between a specific
effect on cognition from a more general effect on clinical
status may lead to erroneous conclusions. Findings from
cross-sectional and longitudinal studies in patients with
schizophrenia can guide specific design approaches by
providing an estimate of the nature and magnitude of
relationships between cognition and symptoms. The re-
lationship is not necessarily uniform across different
symptom domains, i.e., certain symptom domains may
be more strongly associated with particular cognitive
functions than others, or the direction of association
may vary across symptom domains and cognitive func-
tion. Therefore, cross-sectional and longitudinal studies
are discussed below by these symptom domains: a) hal-
lucinations and delusions; b) disorganized behavior,
which includes positive formal thought disorder, inap-
propriate affect, and bizarre behavior; and c) negative
symptoms (19).
Cross-sectional Studies. In general, hallucinations and

delusions are not associated with cognitive impairment
(20,21). Disorganized behavior is somewhat more associ-
ated with cognitive impairment, especially measures of
IQ, executive function, and language (22). In contrast,
negative symptoms have a consistent and robust relation-
ship with cognitive impairments (21–24), especially when
distinguishing between primary, enduring negative or
deficit symptoms and secondary negative symptoms
(25,26). A fairly consistent relationship is found between
deficit symptoms and neuropsychological measures of
disturbed frontal and parietal lobe function (26,27), rais-
ing the possibility that the relationship could be causal, or
could emerge from a common neural substrate (25).
Longitudinal Studies. Longitudinal studies are of three

types: a) studies examining change in symptoms and cog-
nitive function across drug-free and medicated condi-
tions; b) clinical trials examining change in symptoms
and cognitive function across different medications;
and c) studies examining change in symptoms and cogni-
tive function in the absence of an intervention.
Drug-free versus Medicated Studies. In contrast to

cross-sectional studies, longitudinal studies that com-
pared patients when they were drug-free to when they
were medicated, found significant associations between
positive psychotic symptoms and cognitive impairments
(28–30, but not 31). These associations were usually in the
small to moderate range, were more pronounced for dis-
organized behavior than for hallucinations and delu-
sions, and involved cognitive measures of attention,
memory and language (29,30).
A similar picture emerged for negative symptoms.

Small to moderate significant correlations were observed
between changes in negative symptoms and changes in
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attention, language, processing speed, reasoning/prob-
lem-solving, spatial ability, and verbal and visual mem-
ory measures (29–31; but see 28). The Cannon and
colleague study (28) found no significant negative symp-
tom changes across medication status, which may have
precluded the ability to detect such associations.

In the Weickert and colleague study (30), there was
a significant 12 point difference in full-scale IQ between
medicated and unmedicated patients. The IQ change was
not associated with change in symptoms. The marked
change in IQ, in the absence of a significant correlation
with symptom change, suggests that medications may en-
hance the ability to take tests, since antipsychotic medi-
cations are not known to produce such dramatic changes
in IQ.
Clinical Trials. A series of studies examined changes in

symptoms and cognition in clozapine trials of partially-
responsive or treatment-resistant patients with schizo-
phrenia. In general, the degree of symptom change in
these studies is less than that observed in studies that in-
volve a drug-free period. The majority of these studies
failed to document a significant relationship between
change in positive symptoms and change in cognition
(32–35; but see 36). In contrast, change in negative symp-
toms was moderately associated with change in either
verbal or visual memory, processing speed, or reason-
ing/problem-solving measures (32,33,36). However, two
studies failed to find any associations between change
in negative symptom and cognitive measures (34,35).

Similarly, in treatment-resistant patients, Bilder and
colleagues (37) reported that change in negative symp-
toms, but not positive symptoms, was significantly asso-
ciated with change in working memory, reasoning/
problem-solving, visual memory, processing speed. In
first-episode patients, Keefe and colleagues (38) reported
that changes in negative symptoms and extrapyramidal
symptoms were significantly associated with change in
their global neurocognitive measure in patients random-
ized to haloperidol but not to olanzapine. They also failed
to find an association between change in depressive
symptoms and change in cognition, but the study was
not designed to address this.
Longitudinal follow-up Studies. In a 5-year follow-up

study of outpatients, there were no significant changes
in clinical status and no significant relationships between
change in either positive or negative symptoms and
change in cognitive function (39).

In summary, studies suggest that the likelihood of
detecting an association between change in symptom sta-
tus and cognition varies with the magnitude of change in
clinical status. In the absence of clinical change, there are
no associations (39), whereas in studies with marked
change in clinical status, there are significant associations
between positive and negative symptoms and cognitive
measures (28–35,36). In addition, the Weickert and col-
league study (30) suggests that there may be a general

ability to take tests, which is associated with more stable
clinical states and is not adequately captured by symptom
measures. Finally, few studies examined cognition in re-
lation to change in affective symptoms or side effects.

Question 3: ANTIPSYCHOTIC MEDICATIONS.
Which antipsychotic(s) should be allowed in studies of an
adjunctive/co-treatment agent? SuggestedGuideline. Se-
lect an antipsychotic(s) depending on the adjunctive/co-
treatment agent and the stage of study. In stage I, avoid
pharmacodynamic or pharmacokinetic interactions be-
tween the adjunctive/co-treatment agent and the antipsy-
chotic. In stage II, evaluate the impact of potential
pharmacodynamic or pharmacokinetic interactions
with a larger, stratified sample, in an all-comers design,
with few if any restrictions on allowed antipsychotics.
Rationale.Selection of an antipsychotic(s) can be based

on a two-stage approach to studying potential interac-
tions with the adjunctive/co-treatment agent. In stage
I, the primary goal is proof-of-concept of the agent (after
safety and pharmacokinetic properties of the adjunctive/
co-treatment agent have been established). This stage
should minimize confounding variables in order to max-
imize likelihood of detecting therapeutic effects. In stage
II, the focus is on demonstrating effectiveness of the
agent under typical clinical conditions, which may in-
clude identifying factors limiting effectiveness or tolera-
bility.
Regarding pharmacokinetic interactions, SGAs are

unlikely to affect metabolism of the adjunctive/co-treat-
ment agent, since they are not known to induce or inhibit
hepatic cytochrome P450 enzymes. But adjunctive/co-
treatment agents that inhibit or induce hepatic metabo-
lism could significantly affect levels of SGAs. Examples
include a reported four-fold elevation of serum levels of
clozapine or quetiapine following administration of
agents that inhibit hepatic cytochrome P450 enzymes
1A2 or 3A4 (40,41), and 75% or greater reduction in se-
rum concentrations of these two agents after administer-
ing anticonvulsant agents that induce cytochrome P450
enzymes (42). The conventional antipsychotics inhibit
metabolism of other drugs, such as tricyclic antidepres-
sants, possibly by effects on cytochrome P450 2D6 (43).
Pharmacodynamic interactions are more likely than

pharmacokinetic interactions to complicate interpreta-
tion of drug effects and dose-response relationships.
SGAs bind with varying affinities to a broad range of
receptors, including several receptors that are potential
targets for cognitive-enhancing agents (44–47). Combin-
ing a putative cognitive-enhancing agent with an antipsy-
chotic with relatively high affinity for the targeted
receptor could attenuate potential therapeutic effects.
Agonists at the strychnine insensitive glycine receptor,
such as glycine and D-cycloserine, illustrate such phar-
macodynamic interations; these putative cognitive-en-
hancing agents produce significant improvement in
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negative symptoms when added to most antipsychotics,
but fail to produce an effect or even worsen negative
symptoms when added to clozapine (48–51). Similarly,
olanzapine and clozapine may compete with drugs acting
at nicotinic acetylcholine receptors as a result of potent
release of acetylcholine (52).

In stage II studies, the generalizability of the efficacy
and tolerability of the cognitive-enhancing agent may
be evaluated through the study of representative samples
of patients under typical clinical conditions. The poten-
tial impact of combining the investigational drug with an
antipsychotic that has a similar mechanism of action or
a mechanism of action that could potentially undermine
the mechanism of action of the investigational drug
should be assessed, ideally in a stratified sample that
allows examination of specific combinations.

Question 4: POLYPHARMACY. Should antipsychotic
polypharmacy be allowed in studies of an adjunctive/
co-treatment agent? Suggested Guideline. Exclude sub-
jects who are taking more than one antipsychotic. Anti-
psychotic combinations are an unnecessary complication
in studying an adjunctive/co-treatment agent.
Rationale. Combining cognitive-enhancing agents with

multiple antipsychotics is an unnecessary complication.
Potential interactions between investigational agents
and individual antipsychotics can be studied in a large,
stratified sample of patients treated with antipsychotic
monotherapy, whereas inclusion of patients treated with
antipsychoticpolypharmacymayreducethestudy’spower
to examine potential drug interactions. Polypharmacy is
relatively common in the United States where surveys
havefoundtwoormoreantipsychoticsprescribedtoabout
15% of outpatients with schizophrenia and to as many as
50% of inpatients (53).

Question 5: CONCOMITANTMEDICATIONS. Should
concomitant medications be allowed? Suggested Guide-
line. In stage I, avoid pharmacokinetic and pharmacody-
namic interactions between the adjunctive/co-treatment
agent and any concomitant medications (e.g., SSRIs).
In stage II, examine potential pharmacokinetic and phar-
macodynamic interactions on an agent-specific basis.
Rationale. In stage I studies, the same principles of

study design apply to concomitant medications as with
antipsychotic drugs (see Question 3). Potential pharma-
cokinetic interactions should be considered with the se-
lective serotonin reuptake inhibitors and with
anticonvulsant medications (42,54). Concomitant medi-
cations that potentially interact pharmacodynamically
with the adjunctive/co-treatment agent include: seroto-
nergic or noradrenergic antidepressants; muscarinic anti-
cholinergic agents; glutamatergic NMDA receptor
antagonists; dopaminergic or noradrenergic psychosti-
mulants; and benzodiazepines and anticonvulsants acting

on GABAergic and glutamatergic systems. Excluding
all concurrent medications in stage I trials may not be
feasible, since it would exclude the large majority of po-
tential subjects in most schizophrenia patient samples.

Question 6:MAXIMUMLEVELOF IMPAIRMENT. In
order to detect a therapeutic effect, should amaximum level
of cognitive impairment be specified? Suggested Guide-
line. Exclude patients from a trial only if their cognitive
impairment severity compromises the validity of the cog-
nitive outcome measures. This determination may be
made using a combination of clinical judgment and ob-
jective data, such as premorbid IQ scores and premorbid
IQ estimates from current reading level.
Rationale. The rationale for this exclusion criterion is

based on two considerations: some patients may be so se-
verely cognitively impaired that: a) they cannot benefit
from cognitive enhancement; and b) their data may
not be valid.
There is equivocal evidence on the relationship be-

tween baseline severity of cognitive impairments and
treatment-related cognitive improvement. Recent data
suggest that patients with the least severe cognitive
impairments may demonstrate the most benefit from an-
tipsychotic treatment (e.g., 55), while data from other
studies have suggested that patients with the most severe
cognitive impairments may benefit most (e.g., 38,56).
Thus, the empirical evidence is not strong enough to
exclude a priori all patients with severe cognitive
impairments.
In contrast, there are clearly patients whose cognitive

impairments are so severe that they cannotbeassessed val-
idly on neuropsychological tests. The assessment of their
neuropsychological test validity should be based on the
clinical judgment of the neurocognitive tester, psycholo-
gist, and/or treating psychiatrist. For instance, severely
impaired patients judged incapable of understanding
the test instructions are not testable. Patients with evi-
denceofPervasiveDevelopmentalDisorder, suchasapre-
morbid IQ score below 70 or a documented diagnosis,
should be excluded because they may have cognitive
impairments unresponsive to a schizophrenia-directed
treatment. Premorbid IQ estimates based upon measures
of current crystalized intelligence, such as information or
reading scores, may deflate an IQ estimate and should
only be used with great caution as screening criteria.
Patients with poor reading scores may not be able to un-
derstand how to perform some neurocognitive tests, call-
ing into question the validity of test results.

Question 7: MINIMUMLEVEL OF IMPAIRMENT. In
order to detect a therapeutic effect, should a minimum level
of cognitive impairment be specified in the inclusion
criteria? Suggested Guideline. Exclude subjects from
a trial if their level of cognitive functioning is so high
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that they perform at or near ceiling and therefore cannot
demonstrate improvement. With a properly constructed
cognitive test battery, this level of performance will be
very rare.
Rationale. If a patient performs perfectly or near per-

fectly on a test battery (i.e., the ‘‘ceiling effect‘‘), then he
or she is not a good candidate for inclusion, since cogni-
tive enhancement cannot be detectable. A cutoff of one
standard deviation below perfect performance on a test
or test battery will help to exclude patients unlikely to
demonstrate improvement. However, in a carefully
designed battery, this level of performance almost never
occurs.

There is insufficient evidence to exclude patients who
perform well, but not at or near ceiling. The few relevant
cognitive enhancement trials report mixed results on the
relationship between the level of cognitive impairment
and response to treatment (55–57). There is also no rea-
son to exclude patients defined as ‘‘unimpaired’’ relative
to healthy controls (e.g. performance that is 1.5 standard
deviations below the healthy control mean), since almost
all of these patients have cognitive impairments relative
to what would be expected had they never developed
schizophrenia (58). Defining cognitive impairment as
a failure to meet one’s expected level of cognitive func-
tioning means that almost all patients with schizophrenia
(98%) qualify as cognitively impaired (Keefe et al, unpub-
lished data, 2004). Further support for this notion comes
from the observation that almost all affected monozy-
gotic twins perform worse on cognitive tests than their
unaffected co-twins (59). Thus, almost all patients with
schizophrenia are likely to benefit from cognitive en-
hancement and should therefore be included in trials.

Question 8: SCREENING ASSESSMENTS. If patients
are screened for inclusion based upon their level of
cognitive impairment, how should screening assessments
be conducted? Suggested Guideline. If a screening as-
sessment must be used, then use an assessment that is dif-
ferent from the measure used to assess cognitive outcome
during the trial. The primary exception would be if a mul-
tiple baseline strategy is employed.
Rationale. The use of screening instruments for inclu-

sion must address potential practice effects (i.e., im-
proved test performance due to repeated exposures to
the test), novelty effects (i.e., decreased test performance
due to lack of familiarity with the test demands, which
lessens with repeated exposures to the test), and the nat-
ural tendency of deviant performances to regress toward
the mean upon further testing (i.e., ‘‘regression to the
mean‘‘). Practice and novelty effects are particularly im-
portant in situations in which change over time is a key
outcome measure, as is the case with most cognitive en-
hancement trials in schizophrenia. ‘‘Regression to the
mean’’ effects may potentially lower the sensitivity of

the screening instrument. Because error variance for
any cognitive measure creates deviation from the ‘‘true
score’’ of a patient, a certain percentage of patients
who meet a minimum level of cognitive impairment cri-
terion will, by chance factors alone, regress toward their
true score when testing is repeated. However, a similar
percentage of patients who miss the inclusion criterion
will not have the opportunity to be tested again, and
thus will not counteract the effects of the included group.
These tendencies could cause a study-wide inflation of
test performance, and may potentially reduce the sensi-
tivity of the cognitive outcome measure.
If, despite concerns about using a screening assess-

ment, a decision is made to screen patients, then the op-
timal strategy would be to use a screening instrument
other than the primary outcome measure. While the
effects of practice, novelty, and regression to the mean
will be lessened if a different neurocognitive instrument
is used for screening, these effects are general, and
may still occur. A very brief reading assessment may pro-
vide information about which patients cannot be tested
or who have such a low level of intellectual function
that they do not understand the test.
There are three other potential screening strategies.

The first strategy uses the outcome neurocognitive bat-
tery as the screening instrument. This approach will
lessen novelty effects, since repeated baseline assessments
will help reduce variance in cognition due to unfamiliar-
ity with the test-taking process. However, the sensitivity
of the battery may be reduced, because the effects of re-
gression to the mean and practice effects will be at their
maximum. The second strategy uses a subset of the pri-
mary outcome measure for screening. This approach will
lessen the impact of the test-specific component of fac-
tors, such as regression to the mean, and reduce the du-
ration of the screening process. However, it could
produce different practice and novelty effects across tests
and test domains, which could reduce the ability to dif-
ferentiate treatment effects across different cognitive
domains. Finally, the use of multiple assessments at base-
line would minimize novelty effects and maximize prac-
tice effects. As a result, any improvement in cognitive
function would be more clearly attributable to the phar-
macological intervention. However, this method would
be used not to screen patients, but to eliminate error
variance.

Outcome Measures

In the absence of a standard neuropsychological test
battery for use in clinical trials, NIMH convened aca-
demic, industry and regulatory experts under the
MATRICS initiative to review available data and create
a consensus battery specifically designed to assess cogni-
tive impairments in schizophrenia (60). The MATRICS
cognitive battery will be used to assess the primary
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outcome measure: change in cognitive performance. The
battery will assess the following seven domains: atten-
tion/vigilance, reasoning and problem solving, speed of
processing, social cognition, verbal learning and mem-
ory, visual learning and memory, and working memory.
The MATRICS Psychometric and Standardization
Study (PASS) study is currently evaluating the psycho-
metric properties of the beta version of the battery.
PASS results will be used to select 1–2 tests in each cog-
nitive domain for the final MATRICS consensus cogni-
tive battery. This process will be competed by fall of 2004.
This battery will be about 90 minutes in length and is
expected to be administered in its entirety.

Question 9: CO-PRIMARY OUTCOME MEASURES.
What are the issues regarding inclusion of a co-primary
outcome measure of community functioning? Suggested
Guideline. If FDA requires a co-primary measure, the
measure should assess a clinically meaningful/relevant
functional outcome, but not necessarily community func-
tioning. Community functioning is highly dependent on
psychosocial services, patient skills, and social support –
factors thatareusuallybeyondthecontrolof clinical trials.
Rationale.The current position of the FDA is that con-

current change on a co-primary measure of functional
outcomewill be required for approval of a neurocognitive
drug for schizophrenia. The FDA may be willing to ac-
cept a co-primary measure with good face validity,
whether a proxy measure of community outcome or an
interview-based measure of cognition, before formal val-
idation of a co-primary measure is completed.

The argument in favor of a co-primary outcome mea-
sure is the importance of a face valid measure of func-
tional improvement. Clinicians and consumers may not
be able to appreciate changes on cognitive performance
measures alone. To increase acceptance of the drug, it
may be necessary to demonstrate effects on measures
that reflect clinically meaningful improvement. In addi-
tion, improved functional outcome is the ultimate goal
of cognitive-enhancing drugs. Finally, although co-pri-
mary measures are not routinely required for drug devel-
opment programs, there is a precedent for requiring
functional or global outcomes in certain situations.
The Division of Neuropharmacological Drug Products
(DNDP) at FDA has required such outcomes in drug de-
velopment programs for the treatment of cognitive im-
pairment in Alzheimer’s disease and for the treatment
of psychosis of Alzheimer’s disease (61).

The arguments against a co-primary measure of func-
tional outcome, including community (e.g., work and so-
cial) outcome, relate to psychometric and conceptual
concerns. First, there is a measurement problem: the re-
liability and/or validity of self-report measures of func-
tional status are not well established. Second, there is
increasing evidence that mediating variables (e.g., coping

ability, skill acquisition, social cognition) act between
measures of cognition and functional outcome (62–64).
These variables may obscure the translation of cogni-
tive-enhancing effects into changes in functional status.
Third, changes in community functioning are far re-
moved from the biological systems that would be altered
by cognitive-enhancing drugs. They heavily depend on
factors that are typically beyond the control of clinical
trial studies, including availability of psychosocial reha-
bilitation, social support networks, community opportu-
nities (e.g., local employment rates) and educational
opportunities.
The othermajor issues associatedwith the use of co-pri-

mary measures are the statistical implications. The sepa-
rate assessment of cognition and functional outcome will
need to be addressed in statistical analysis plans. There are
two basic decision rules that pre-specify whether eventual
results qualify as positive: a) the ‘‘Or Rule,’’ which
requires superiority on either co-primary outcome; and
b) the ‘‘And Rule,’’ which requires superiority on both
co-primary measures. The ‘‘Or Rule’’ requires an alpha
adjustment to guard against elevated risk of Type I error,
or false positive results. A consequence of the alpha ad-
justment is a reduction in statistical power.However, such
reductions can be prevented if projected sample size
requirements are based on the multiplicity-adjustment
(65). But multiplicity adjustment increases sample size
requirements and corresponding costs, both monetary
and number of subjects exposed to risks of a randomized
clinical trial. The ‘‘And Rule’’ is the current standard of
the DNDP. This rule needs no explicit alpha adjustment.
If the ‘‘And rule’’ is applicable, then the investigator must
be careful to select well-validated scales that separate in
pilot studies, since both co-primary measures based on
these instruments must be positive.

Question 10: CO-PRIMARY MEASURE CHARAC-
TERISTICS. What are the ideal characteristics of a
co-primary outcome measure of functional improve-
ment? Suggested Guideline. A co-primary measure
should have the following characteristics: a) good face
validity for patient improvement; b) expected to change
in close temporal proximity to changes on cognitive per-
formance measures; c) not be heavily dependent on range
of rehabilitation opportunities and level of social sup-
port; and d) practical (from the perspective of the exper-
imenter) and tolerable (from the perspective of the
subject).
Rationale. Although community outcome may be too

far causally removed from the actions of cognitive-en-
hancing drugs, other options may be appropriate. There
may be measures that reflect real-time changes in under-
lying neural systems and do not depend on levels of psy-
chosocial support and community opportunities. Two
potential types of co-primary measures are: 1) assessment
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of functional capacity; and 2) interview-based assessment
of cognition.

Functional capacity assessments may use props and
role playing to assess whether a person can maintain a so-
cial conversation, prepare a meal, take public transpor-
tation, or manage their medications. These assessments
are simulated activities conducted in the clinic and do
not rely on observing the individual in the community
(66,67). If patients perform well on a measure of func-
tional capacity (also called ‘‘proxy’’ measures of out-
come), that does not guarantee they will be able to
perform the tasks in the community. It only means
that they could perform the task in the community.
Changes in functional capacity are likely to occur
more closely in time with changes in underlying cognitive
performance.

Interview-based measures of cognition are structured
or semi-structured interviews that could be administered
to patients, care-givers, or clinicians. Patients are asked
about their subjective view of their cognitive abilities,
or their difficulty in performing tasks of everyday living
(e.g., reading a book, remembering where objects are
placed, etc.). Informants also can be interviewed to
rate their impressions of subjects’ cognitive abilities.

Question 11: VALIDITY OF PROXY MEASURES.
What is the best approach to assess the validity of proxy
measures of functional outcome and interview-based
measures of cognition? Suggested Guideline. Potential
co-primary proxy measures have: a) good test-retest re-
liability; b) demonstrated associations with cognitive per-
formance measures; and c) demonstrated associations
with community functional status.
Rationale. Test-retest reliability is the most important

property of a test used in randomized clinical trials (60).
If a test has poor test-retest reliability, it is difficult to dem-
onstrate treatment effects, and its validity cannot be deter-
mined. In addition, aproxymeasureof functioning should
be related to cognitive performance measures, because it
would be expected to change in real-time with underlying
changes in cognitive abilities. Proxy measures should also
be related to assessments of community functioning, be-
cause they are intended to be more proximal indications
of how well patients function in their daily lives.

How well do potential proxy measures (i.e., functional
capacity and interview-based measures of cognition)
meet these criteria? Unfortunately, we do not yet
know. In schizophrenia and other disorders, several stud-
ies have found significant cross-sectional associations be-
tween cognitive performance and proxy measures of
social problem-solving and daily activities (67,68–71).
However, there are few data to link functional capacity
measures to community outcome. While there are a large
number of studies on interview-based measures of cogni-
tion in schizophrenia and neurological disorders, many

studies fail to find associations between interview-based
measures and cognitive performance, or they find
relationships between the interview-based measures
and dysphoric mood, instead of cognitive performance
(72–76).
In summary, the field does not have sufficient validity

data on any potential co-primary measure of functional
outcome, either community function, functional capac-
ity, or interview-basedmeasure of cognition. It is possible
that decisions concerning use of co-primarymeasures will
occur as part of a longer-term iterative process. Valida-
tion of co-primary measures may first require identifica-
tion of drugs with potent effects on cognitive
performance measures. Once such drugs are identified,
they could be used to effectively establish the validity
of potential co-primary measures.

Other Design and Statistical Issues

Question 12:CHOICEOFPRIMARYMEASURE.What
are issues regarding the choice of primary cognitive outcome
measure(s)? Suggested Guideline. Pre-specify a single
reliable and valid primary cognitive outcomemeasure, ei-
ther global or domain-specific, based on its psychometric
properties and results of pilot studies.
Rationale. The choice of primary cognitive efficacy

measure(s) should be based on the following design
and statistical considerations: first, pilot studies must
demonstrate that the measure(s) is(are) differentially sen-
sitive to investigational and comparator drugs. Second,
the measure(s) must be developed, validated, and psycho-
metric results replicated before its use in a randomized
controlled clinical trial (RCT). Psychometric studies
must provide empirical support for the construct validity
and reliability of the measure (e.g. test-retest, interrater,
and/or internal consistency). The relevance of previously
reported psychometric properties can be weighed by ex-
amining the design and implementation of those studies,
e.g. study duration, assessment frequency, and subject
status. Third, because multisite RCTs typically have at
least as many raters as sites, interrater reliability must
be established prospectively during the pilot phase of
each RCT. Fourth, tradeoffs between global cognitive
measures and individual cognitive domain measures
must be weighed. One rationale for using a global mea-
sure is that its internal consistency reliability tends to in-
crease with multiple correlated items. As the measure’s
reliability increases, within-group variability decreases.
Consequently, the between-group effect size increases
and sample size requirements decrease (77). However,
global measures have limitations: a) a multi-domain mea-
sure or battery may not be clinically meaningful; b)
a global score may wash out the effect of one domain
andmiss a true effect; and c) unweighted totals arbitrarily
place greater emphasis on some scales/items; whereas,
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sample-specific weightings of scales limit both the inter-
pretability and generalizability of psychometric results.
Finally, the choice of a global versus specific cognitive
domain measure must be specified a priori.

The decision to choose a composite cognitive measure
or a specific cognitive domain measure will primarily de-
pend on pilot study results. Although a composite mea-
sure will likely be optimal for most drugs, certain drugs
may be better suited to a specific cognitive domain when,
for example, pilot studies suggest no effect on a composite
measure, yet a clear effect on a particular cognitive do-
main. In this case, it might be reasonable to select the par-
ticular domain as the primary cognitive measure.
Alternatively, a drug may affect a composite measure,
but have a more striking effect on a particular cognitive
domain. In this case, it may be reasonable to select the
composite measure as the primary cognitive measure,
and also to select the particular cognitive domain as
a key secondary endpoint. To support this secondary
endpoint, additional work would be needed to establish
the superiority of this drug to other cognitive-enhancing
drugs for this particular cognitive domain.

Question13:TESTINGOCCASIONS.Whatare the issues
regarding the number of testing occasions? Suggested
Guideline. Use more rather than fewer testing occasions
to reduce the impact of attrition and to capture change in
symptom severity over time. Use data analytic proce-
dures that incorporate repeatedmeasures of the outcome.
Rationale. The number of testing occasions is partly

a function of trial duration. Longer trials need more
assessments to capture change in cognitive function
over time and to mitigate the impact of attrition. How-
ever, unless the data analytic procedure incorporates re-
peated measures, the alpha level must be adjusted for the
multiple statistical tests corresponding to each of the re-
peated assessments over the course of the trial. Unlike
symptom severity ratings, cognitive tests cannot be ad-
ministered over numerous consecutive weeks and there-
fore, one must consider the number of available parallel
forms. The frequency of cognitive assessments is limited
by potential practice and novelty effects. The influence
of practice effects, in part a function of the time between
test administrations, is a concern, which is offset to some
extent by the use of a comparator treatment arm. In
addition, a novelty effect could enhance or impair
performance during the initial administration of the
assessment.

Question 14: HETEROGENEITY OF SEVERITY AND
RESPONSE. In light of the expected heterogeneity of
severity and response within and across different cognitive
domains, what approaches to design and analysis should
be used to detect a therapeutic effect? Suggested
Guideline. In order to reduce baseline within-group het-

erogeneity and to increase the chance of detecting a ther-
apeutic effect, include subjects in the residual (non-acute)
phase of their illness and use one primary efficacy mea-
sure.
Rationale. Establishing minimum and maximum

symptom severity inclusion criteria reduces the baseline
within-group heterogeneity, likely decreases the within-
group heterogeneity at end-of-study, and, thus, increases
the chance of detecting a therapeutic effect. The problem
of heterogeneity of response, on the other hand, stems
from concern about inconsistent results from havingmul-
tiple primary outcome measures. As stated earlier, in ac-
cord with the ‘‘And Rule,’’ if co-primary outcome
measures are delineated in the protocol and the investi-
gational drug is not superior on each of those measures,
the trial will be deemed negative. The problem of incon-
sistency is readily circumvented by identifying just one
primary efficacy measure.

Question 15: CONCURRENT CHANGE IN SYMP-
TOMS. What approaches to design and analysis should
be used to control for potentially concurrent changes in
other symptom domains? Suggested Guideline. Statisti-
cal approaches cannot be used to rule out pseudospeci-
ficity (i.e., an artificially narrow claim of cognitive
enhancement that could result from post-baseline con-
founding, such as reduction in other aspects of the illness;
78). Pseudospecificity is best dealt with by restricting
symptom severity prior to randomization.
Rationale. Several statistical approaches attempt to dis-

entangle concurrent changes across different outcome
domains. However, there are limitations associated with
attempting to control for post-baseline confounding var-
iables.Wewill review several statistical approaches,which
attempt to deal with the problem of concurrent symptom
change and subsequent concerns of pseudospecificity.
A common statistical approach is to use covariate ad-

justment to control for symptom changes. The particular
method of covariate adjustment will vary, based on
the form of the dependent variable, and include analysis
of covariance, multiple linear regression analysis, logistic
regression, and Cox’s proportional hazards models.
Regardless, the International Conference on Harmoniza-
tion warns that the use of post-baseline covariates is ‘‘not
advisable’’ and should not be used to rule-out pseudospe-
cificity (79). Among other reasons, this position stems
from the problem of inferring causality through statisti-
cal adjustment for post-randomization covariates.
Path analysis is a correlational approach that involves

a series of regression equations, with one equation for
each dependent variable in the path model (80). In
essence, it is simply another strategy of covariate adjust-
ment and cannot be used to infer causality in the presence
of a confounding variable in a randomized experiment
and, thus, cannot be used to rule out pseudospecificity.
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Furthermore, the causal direction between two domains
assessed contemporaneously is ambiguous.

A simple, yet effective strategy to remove the effect of
a confounding variable on treatment effect estimate is to
stratify group assignment by pre-specified levels of the
variable (81). In the case of symptoms, this would involve
separate efficacy analyses for those with mild, moderate,
and severe baseline symptoms. If there is not an interac-
tion between treatment and baseline severity, the results
can be pooled using a procedure, such as the Mantel-
Haenszel approach (see 82). Unfortunately, stratification
on baseline severity will not provide evidence of specific
cognitive benefit if there is post-randomization reduction
in severity of symptoms.

Question 16: COMPARISON GROUP. What are the
appropriate comparator agents for adjunctive/co-
treatment agents and broad spectrum agents? Suggested
Guideline. To study an adjunctive/co-treatment agent,
use placebo as the comparator. The choice of comparator
for a broad spectrum agent poses a more substantial chal-
lenge, but should be, at worst, cognitively neutral.
Rationale. The choice of comparator differs between

adjunctive/co-treatment agents and broad spectrum
agents. The selection of a comparator for an adjunc-
tive/co-treatment agent is relatively straightforward:
one group of subjects is randomized to receive the com-
bination of antipsychotic and adjunctive/co-treatment
agent, whereas the other group receives antipsychotic
and adjunctive placebo. In this design, the antipsychotic
is a constant and the adjunctive treatment varies, i.e.,
active agent or placebo. Superiority of the adjunctive/
co-treatment agent can be interpreted unambiguously.

The selection of comparator for a broad spectrum
agent, which has both cognitive impairments and other
symptoms of schizophrenia as co-primary indications,
is more complicated. The evaluation of the cognitive-
enhancing effects of a broad spectrum agent should be
separated from the evaluation of its antipsychotic effi-
cacy. The assessment of antipsychotic efficacy should
follow standard designs for antipsychotic agents in acutely
ill patients. The assessment of cognitive-enhancing effects
should utilize stabilized patients in order to minimize
the secondary effects of acute stabilization of psychosis
and agitation on cognition. The ideal comparator agent
should be, at worst, cognitively-neutral. The comparator
could even have cognitive-enhancing effects, but such
a drug would require a larger sample size to demonstrate
a significant difference between it and the broad spectrum
agent.

There are three potential comparator agent options for
studying a broad spectrum agent: a) placebo; b) conven-
tional antipsychotic; and c) SGA. The use of placebo
minimizes potential confounding from concurrent de-
crease in symptoms or neurological side effects. However,
placebo use is compromised by the potential for signifi-

cant symptom exacerbation, especially in long duration
trials. The use of conventional antipsychotics raises
questions about interpretation of study results, because
extrapyramidal and other neurological side effects may
act to impair cognition performance (37,38,83). In addi-
tion, conventional antipsychotics are commonly used in
conjunction with anticholinergic agents to minimize ex-
trapyramidal side effects. The use of anticholinergic
agents may further complicate clinical trials, because
these agents can adversely affect memory (84). Further,
the broad spectrum agent might provide more pro-
nounced symptom relief, resulting in less cognitive im-
pairment. The use of a SGA minimizes potential
confounding due to neurological side effects, but still
poses difficulties. Any apparent cognitive improvement
foundwith the broad spectrum agent relative to a conven-
tional antipsychotic or SGA is difficult to interpret in the
absence of a placebo control. One interpretation could be
that the broad spectrum agent improves cognition while
the comparator either does not, or does not improve cog-
nition as much. A second interpretation could be that the
broad spectrum agent has no effect on cognition, but the
comparator actually impairs cognition. A third interpre-
tation could be that both agents impair cognition, but the
broad spectrum agent is less impairing. In light of the po-
tential difficulty of interpretation, any finding of cogni-
tive enhancement with a broad spectrum agent may not
be appropriate for the Indications and Use section of the
drug’s label, because it would imply that cognitive en-
hancement has been established. It may be more appro-
priate for the Adverse Reactions section of the label,
noting that, although the absolute effect of the broad
spectrum agent on cognition cannot be determined, it
appears to have significantly less cognitive liability
than certain comparator agents.

Question 17: TRIAL DURATION. What is the optimal
clinical trial duration of an agent targeting cognition in
schizophrenia? Suggested Guideline. The trial needs to
be of sufficient duration to show an enduring effect on
cognition (i.e., at least 6 months). Longer duration stud-
ies should use multiple testing occasions, which require
the existence of parallel forms of the outcome measure.
Statistical procedures should be used that incorporate
data from multiple assessment times.
Rationale. The FDA DNDP has stated that an endur-

ing effect on cognition (i.e., at least 6 months) must be
documented in order to apply for an indication for cog-
nitive enhancement in schizophrenia. The primary out-
come measure must be able to be administered
multiple times over the course of the trial, either through
the use of one form or alternate parallel forms of the mea-
sure. In addition, the statistical procedures described in
the protocol must be capable of accommodating data
from multiple assessment times. For instance, one of
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the mixed-effects models may be selected based on the
form of the dependent variable (85–89). This general
strategy provides more statistical power, or reduces
sample size requirements, compared with strategies
that simply examine baseline and endpoint assessments
(90).

Another advantage of this general data analytic strat-
egy is the flexibility of the models to include subjects with
varying numbers of post-baseline assessments (e.g.,
monthly assessments). This is quite useful in longer trials,
which are more vulnerable to patient attrition. However,
mixed-effects models only provide valid inferences with
ignorable dropout (91). This refers to dropout that is
a function of either previous values of the dependent vari-
able or observed covariates (92).

Regardless of data analytic strategy, the protocol
should specify that assessments should continue for the
entire course of the RCT, regardless of protocol adher-
ence (93). If a subject drops out in the second month,
efforts should be made to continue assessments for entire
trial 6-month duration. Unlike RCTs with patients in the
acute phase, this approach could be feasible for RCTs
with patients in the residual phase. This strategy serves
to adhere better to the intention-to-treat principle than
last observation carried forward analyses.

Discussion

The FDA/NIMH/MATRICS workshop was designed
to produce a set of study design guidelines that facilitate
the development of new, innovative treatments for cog-
nitive impairments in patients with schizophrenia (see:
Innovation/Stagnation: Challenge and opportunity on
the Critical Path to New Medical Products. http://www.
fda.gov/oc/initiatives/criticalpath/whitepaper.html). The
workshop produced a series of suggested guidelines for
inclusion criteria, outcome measures, and design and sta-
tistical approaches. There was considerable consensus re-
garding diagnostic and concomitant medication
inclusion criteria and on the use of cognitive screening
measures. There was also a convergence of evidence to
support limiting inclusion to patients in the residual
phase of their illness and who present with a predeter-
mined level of positive, negative, and depressive, and ex-
trapyramidal symptoms. The results of studies examining
the relationship between change in symptoms and change
in cognition and considerations of different statistical
approaches to data analysis strongly argued for this sug-
gested guideline. A major implication is that separate
studies will need to be conducted to demonstrate symp-
tom efficacy and cognitive-enhancing effects for broad
spectrum agents.

There was considerably less agreement about the fea-
sibility of including a co-primary measure of community
outcome. The importance of a face valid measure of func-
tional improvement is counterbalanced by the lack of

a validated measure of community outcome for use
in clinical trials. The FDA may be willing to accept
co-primary measures that have good face validity,
whether they are proxy measures of functional outcome
or interview-based measures of cognition, even before the
formal validation process has been completed. In addi-
tion, statistical considerations, including the requirement
to demonstrate efficacy for both co-primary measures,
raise serious concerns about the use of co-primary meas-
ures. The resolution of this issue will ultimately depend
on the development of valid proxy measures of commu-
nity outcome that are directly associated with both
change in cognitive function and change in social and
occupational function.
The othermajor unresolved issue is the choice of a com-

parator agent for use in studies of broad spectrum agents.
The ideal choice would be the use of a cognitively-neutral
agent. However, there are currently no known antipsy-
chotic agents that meet this criterion. SGAs have less neu-
rological side effects than conventional antipsychotics,
especially high-dose conventional antipsychotic treat-
ment, but theabsenceofpotential adverse cognitive effects
of these agents has not been definitely demonstrated. In
the absence of a known cognitively-neutral agent, the un-
equivocal interpretation of study results is complicated.
In summary, the suggested guidelines are intended to

represent a reasonable starting point for trial design of
cognitive-enhancing drugs, with the understanding that
there may be deviations in any particular trial, but
that any deviations will need to be explained by either
drawing upon new data, subsequent findings, or other
methodological considerations.

Discussion Panel
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