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Wake-Up to the MATRICS
Keith Wesnes of United BioSource Corporation examines the expanding 
opportunities for detecting cognition enhancement in drug development

Traditionally the development of cognition enhancers has been

limited to drugs to treat the cognitive deficits associated with

dementia. Research in dementia is currently at a crossroad, in

part due to widely recognised limitations of the current

evaluation technique used in pivotal trials, the Alzheimer’s

Disease Assessment Scale (ADAS-Cog), and also in part the

result of recent failures in high profile studies. However, the

Measurement and Treatment Research to Improve Cognition in

Schizophrenia (MATRICS) initiative has expanded this

opportunity to schizophrenia. The use of wake-promoting

drugs such as modafinil to treat fatigue-related cognitive

declines in sleep apnea, for example, has also led to an

increased interest in developing similar compounds for a

variety of conditions which involve excessive daytime

sleepiness. Furthermore, it is becoming recognised that a wide

variety of medical conditions are associated with cognitive

dysfunction, including many non-CNS conditions such as

cardiovascular conditions and oncology; consequently the

opportunities for identifying cognition enhancement are

increasing rapidly. This article will review these opportunities

and discuss the ideal research designs and instruments to

identify cognition enhancement in drug development. 

COGNITION ENHANCEMENT

A recent definition of cognition enhancement is ‘the

amplification or extension of core capacities of the mind

through improvement or augmentation of internal or external

information processing systems’ (1). Aspects of cognitive

function that are targets for enhancement include attention,

information processing, memory, planning, reasoning,

decision machining and motor control. Bostrom and Sandberg

argue that an intervention aimed at correcting a specific

pathology or defect of a cognitive subsystem may be

characterised as therapeutic, while enhancement is an

intervention that improves a subsystem in some way other than

repairing something that is broken or remedying a specific

dysfunction. This distinction is interesting, and accurately

characterises the various compounds which are being

developed and studied in this rapidly growing field.

Drugs to enhance cognitive function are currently receiving a

large amount of public attention and ethical debate, due to their

widespread use by students, the military and a variety of

professional groups (2,3). In 2008, the journal Nature reported
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the results of an online poll, in which 20 per cent of the 1,400

respondents admitted that they had used ‘neuro-enhancers’ to

stimulate their focus, concentration or memory (4). While 96

per cent of respondents felt that individuals with

neuropsychiatric disorders who have severe memory and

concentration problems should receive such substances, 80 per

cent felt that anyone who wanted one should be allowed, and

69 per cent said they would take one provided the side effects

were low. The high level of interest can be illustrated by a

recent article in The Times Online entitled ‘Bring smart drugs

out of the closet, experts urge Government’, and another recent

article in Time magazine entitled ‘Popping Smart Pills: The

Case for Cognitive Enhancement’ (5,6). 

RECENT HISTORY OF COGNITION ENHANCERS

Amphetamine was the first synthetic compound shown to

improve human cognitive function (7). The motives for the

consumption of products containing caffeine and nicotine

have long been believed to include the alerting properties of

the two substances. Over the last few decades hundreds of

studies have confirmed such effects, showing that both

caffeine and nicotine improve aspects of cognitive function

including attention. Some controversy is fuelled by the

widely held concept that normal individuals, especially the

young, are operating at optimum levels and cannot be

enhanced. However, a large body of research now exists

showing acute improvements to attention and memory in

student populations with a variety of substances including

nicotine, caffeine, amphetamine and methamphetamine 

(8-11). 

The interest of the pharmaceutical industry in drugs to

improve cognitive function begun in the 1960s, when

Corneliu Giurgea synthesised Piracetam and invented the

term ‘nootropic’ for such compounds (12). Piracetam was

extensively researched and showed modest but consistent

improvements to mental ability in various elderly and

impaired populations (13). Other compounds from this class,

for example aniracetam and oxiracetam, have also been

widely researched and are popular smart drugs. In the 1980s,

the FDA approved an early nootropic, hydergine, for

individuals over 60 who manifested signs and symptoms of

an idiopathic decline in mental capacity; but in the same

decade prescription of the drug was largely abandoned due to

uncertainty about its degree of clinical efficacy (14). Another

early nootropic, Vinpocetine, an alkaloid synthesised from

the periwinkle plant, has been widely used to treat vascular-

related cognitive decline in eastern Europe, though evidence

is only recently emerging of its ability to improve patients

with vascular dementia (15). 

METHODOLOGY FOR IDENTIFYING 
COGNITION ENHANCEMENT

The primary basis for the evaluation of a cognition enhancer is

to demonstrate in an established test of a major aspect of

cognitive function that an individual performs better with the

treatment than without. Test sensitivity is crucial in this field as

the improvements may be relatively small. The best technique

is to measure an individual before and a number of times after

the administration of the compound. If the compound can

improve performance relatively soon after administration, as

nicotine does, for example, a number of repeated test sessions

to pick up the time profile of this impairment is the ideal

methodology. For compounds which may take longer to show

benefit, testing needs to be repeated daily, weekly, or even

monthly. This necessary requirement to repeat testing rules out

tests which show marked practice effects, as such effects will

obscure the potential benefits of the study compound (16).

Many tests have such effects, and if they cannot be eliminated

by pre-study familiarisation and training sessions, they are not

suitable for such work. Many traditional pencil and paper tests

suffer this problem, which is often exacerbated by a lack of

parallel forms of the tests: for example, the same problems or

stimulus materials being used each time means performance

improves not only through practice but by patients

remembering the test stimuli. Computerised tests are generally

more suitable for such research, particularly those which are

relatively specific to particular cognitive domains, such as

vigilance, and which measure the speed of response as well as

the accuracy. The latter is extremely important as accuracy and

speed are both core aspects of task efficiency, and unless both

are assessed, it is not possible to be sure that cognition has been

favourably changed as opposed to the strategy of performing

the task. Even when both aspects are captured, an increase in

accuracy at the expense of speed cannot be interpreted

unequivocally as an enhancement, and in such situations the

interpretation of results can become controversial (17). 

As stated above, there are numerous advantages of

automating cognitive tests, and such techniques are

becoming widely used in volunteer and patient trials. The

notable exception is in registration studies for Alzheimer’s

disease (AD), where the ADAS-Cog has become the

instrument of choice, despite widespread recognition that the

scale does not cover all of the major cognitive domains

impaired in the disorder (for example, attention), the lack of

standardisation of the various forms of the test, and the large

inter-rater reliability problems with the procedure (18). This

is a highly unsatisfactory situation, as many recent trials are

believed to have failed not necessarily due to the

ineffectiveness of the treatments but due to the unsuitability

and insensitivity of the ADAS-Cog. 
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A similar problem may have been introduced into

schizophrenia research. The MATRICS initiative brought

together representatives from industry, government and

academia and identified the key cognitive domains which

should be targeted in such trials (including speed of

processing, attention/vigilance, working memory, verbal and

visual learning). However, the MATRICS Consensus

Cognitive Test Battery (MCCB) comprises mainly traditional

pencil and paper tests, with few if any parallel forms. Early

clinical trials with the MCCB have encountered large practice

effects when the battery was repeatedly administered, which

limited or even prevented the anticipated improvements from

appearing (19,20). However, computerised tests can assess

these domains, and many are relatively free of such 

practice effects.

DRUGS TO TREAT THE DEMENTIAS 

The seminal moment in the history of the development of

antidementia drugs came in the mid-1970s with

simultaneous post-mortem f indings by English and

American researchers that the neurotransmitter

acetylcholine was deficient in the brains of patients with

AD. This led to a race to develop compounds to treat these

cholinergic deficits, and following the approval of the

anticholinesterase tacrine by the FDA, three further

compounds in this class received widespread regulatory

approval (donepezil, rivastigmine and galantamine). More

recently, rivastigmine has been registered for Parkinson’s

disease dementia, and has shown efficacy in dementia with

Lewy bodies. The only other compound so far registered for

the treatment of AD is the NMDA antagonist Memantine.

However, the available evidence from the ADAS-Cog in AD

suggests only modest benefits, and in the UK, the National

Institute of Health and Clinical Excellence considers the

evidence only justified for the use of these compounds in

patients with a moderate severity of dementia. Progress has

also stalled in recent years with a range of compounds

failing in numerous, often huge, registration trials. Some of

these failures can be attributed to the ADAS-Cog, which has

recently failed in several studies to identify the anticipated

declines in function in placebo treated patients over the six

month or longer study periods. However, other compounds

have recently failed, even in massive trials, and

retrospective consideration has placed doubt upon the

wisdom of embarking on such large trials without

appropriate Phase II support. Here again, part of the blame

can be attributed to the ADAS-Cog, as many Phase II trials

require the sample sizes of Phase III trials just to overcome

the insensitivity of the scale; which has led some developers

to move rapidly into pivotal trials. However, Phase III 

trials should be confirmatory, but many can be viewed as

proof of principle trials, which raises strategic and also

ethical issues. 
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A further shock to the field came from the announcement on
3rd March this year that Dimebon had failed in a trial with
598 AD patients. There has been huge worldwide interest in
the compound (which had been previously used to treat
allergies) since a study published in The Lancet showed
striking effects from the use of Dimebon in 183 AD patients
over a six-month period (21). The failure of the latest study
was dramatic, with no trends or even signs of the benefits
previously reported appearing in this much larger and very
well-conducted trial, and will inevitably result in much
scrutiny of the integrity of the initial trial conducted by Doody
et al. Attention in this field must now turn to the two next
promising generations of drugs for dementia, the selective
nicotinic agonists and the H3 antagonists, both of which,
unlike Dimebon, have known and plausible mechanisms of
action to treat the cognitive deficits in AD. Initial promise has
already been seen in recent years, with both classes of
compounds, but optimism will clearly now be guarded until
large scale trials are able to replicate the findings. 

In contrast to dementia, a field which has had much recent
success is the treatment of daytime sleepiness (22). Here
modafinil and armodafinil have been shown to overcome
such effects in various conditions including sleep apnea,
narcolepsy and shift-work sleep disorder, and have received
regulatory approval for each of these conditions in the US
and other countries (22). Besides reversing feelings of
sleepiness and the likelihood of falling asleep, the two
compounds also show marked enhancements to various
aspects of cognitive function in these conditions (23). Both
are widely used off-label as smart drugs. 

TREATING CONDITIONS IN WHICH COGNITIVE
IMPAIRMENT IS A CENTRAL FEATURE

A wide range of conditions have cognitive impairment as a
central feature, and these are highly fruitful potential areas
for cognition enhancers. ADHD is already widely treated
with stimulants, and while research is at an early stage, some
hope must exist that treatments will help improve function in
traumatic brain injury and stroke. 

An area which is receiving surprisingly little attention is the
cognitive decline which is associated with ‘normal’ ageing,
and while the condition of Age-Associated Memory
Impairment (AAMI) was defined by an NIMH working
group over 20 years ago (24), and there has been some
success in the condition (25), the area has not developed as
one would expect considering the huge potential market for
such treatments and the cognitive dysfunction widely
experienced by the non-demented elderly. Although research
in mild cognitive impairment (MCI) has superseded AAMI
research, despite some very large trials, only occasional
findings of enhancements have been identified in MCI. The
opportunity to re-consider AAMI as a therapeutic target must
be considered promising, especially considering the recent
failures in AD.

COGNITION ENHANCEMENT 
IN OTHER CONDITIONS

Evidence is emerging that cognitive dysfunction is present in a
wide variety of medical conditions (26). Sometimes this is due
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