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ABSTRACT

Outcome assessment for clinical dementia trials could be enhanced by using
the Mini-mental State Examination (MMSE) and the Hopkins Verbal Learning
Test (HVLT), in addition to imaging and genetic screening. The statistical
power of trials could be increased if heterogeneity of the sample were reduced
by the administration of a risk factor inventory which could be used for subject
selection or selection of drug responders.
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Two problems prompt reconsideration of outcome measures used in dementia
clinical trials. First, drugs for dementia help a few patients greatly, but most
experience variable, small changes in cognition over long periods of time.
Inappropriate measurement is an unlikely explanation for these results. The
apparent small and variable response could be due to either ineffective drugs
or to the heterogeneity of the samples. Second, statistically significant results
based on current outcome measures do not convince public officials that the
drugs are helpful enough to warrant their cost. The officials may also be put
off because technically excellent outcome measures like ADAS-Cog are not
readily recognized by the public and clinicians. Translation of research results
into practice requires persuasion which is enhanced by the use of transparent
methods that, on the face of it, are clinically relevant. The purpose of this
conference hopefully is to begin to solve these problems.

Assessment of improvement of dementia must include tests of memory
and other cognitive functions which define the syndrome of dementia. Core
symptoms of Alzheimer’s disease (AD) which emerge during its course include
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memory, language, and visual spatial and executive function (Folstein and
Whitehouse, 1983). Even though I have a conflict of interest, I recommend
that improvement of assessment of the dementia of AD be demonstrated by a
Mini-mental State Examination (MMSE) increase of three points or greater,
over one year. The MMSE is well known by clinicians and by research workers
who know that the expected decline of MMSE scores for AD patients is two
to four points per year (Folstein ez al., 1975; Anthony er al., 1982; Crum er al.,
1993; Aguero-Torres et al., 1998; Burback er al., 1999; Han er al., 2000). Since
the standard deviation of MMSE in most studies is 3, an increase of three points
per year represents 2 standard deviations from the expected outcome without
treatment and is thus not likely to occur by chance.

Another outcome that I would readily accept as demonstrating improvement
of the symptoms of AD would be a statistically significant increase in a test
of delayed recall, because memory loss is a defining feature that is also well
known to the public. There are many suitable memory tests, but one I would
recommend would be the Hopkins Verbal Learning Test (Rasmusson et al.,
1995). It is reasonably brief, tests several aspects of memory, and is reliable. The
MMSE combined with the HVLT gives reasonable sensitivity and specificity
and is brief and inexpensive. The capacity to detect mild dementia indicated by
a MMSE cutting score between 25 and 26 was 88% sensitive and 93% specific.
The HVLT, with a cutting score between 18 and 19 for sum of recall trials, was
96% sensitive and 80% specific (Frank and Byrne, 2000).

Currently most clinical trials of AD drugs use the MMSE for inclusion criteria
of severity of dementia and the ADAS-Cog for measuring change of cognition.
The MMSE and ADAS-Cog assess similar cognitive domains. The Alzheimer
Disease Assessment Scale is a battery of tests of memory, orientation, language
and praxis (Mohs and Cohen, 1988). Memory and language are emphasized.
Another frequently used measure is the Clinical Dementia Rating (CDR), a
subject and informant-based assessment which rates severity, but does not
directly test cognitive domains and activities of daily living (Morris, 1993).

Another indicator of the severity of the dementia syndrome is the performance
section of intelligence tests. Most of these intelligence subtests assess what is now
called executive function. There has been increased interest in tests of executive
function, especially since the work of Royall who devised a short battery of tests
of executive function (Royall er al., 1992). In the MMSE, items for registration
and serial 7s assess executive function. However, consensus has not yet been
reached as to the necessary and essential features of executive function. Albert
has shown that a combination of a memory test and a test of executive function
after a three-year follow-up would predict cognitive decline in normal subjects
and subjects with mild cognitive impairment (Albert ez al., 2001). However,
even without adding new measures, efficiency and cost of clinical trials would
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be improved if outcome measures were shorter and required less training.
Computer-based testing of subjects, which would increase reliability and reduce
cost of administration, is in the early stages of development, but will require
wide use before all its limitations are known. Computer-based, telephone-based
(Brandt et al., 1988) and video-based measures (Karweit et al., 1994) are in
development. Other outcomes to be measured include noncognitive symptoms
(Reisberg et al., 1996; Cummings, 1997) and reduction of social competency
(Janofsky er al., 1992; Bassett ez al., 1998).

The power of currently used outcome measures would be increased by
reducing the heterogeneity at the levels of symptoms, pathology, and etiology
of the samples accepted for clinical trials. I first became aware of heterogeneity
of response of dementia symptoms to drugs while testing physostigmine as an
esterase inhibitor. In the series we published in 1991, one individual out of 13
improved dramatically within minutes of intravenous injection. Before injection
he could not copy a cube, but afterwards he could. The same individual showed
a marked increase in cerebral perfusion measured by PET scans. Increased
perfusion was associated with cognitive improvement. Other cases improved but
not nearly as dramatically as the first case (Tune ez al., 1991). The dramatic
variability in response was not due to the reliability, validity, sensitivity or
specificity of symptom measures, or to the capacity to demonstrate pathology by
functional imaging techniques.

There are several known sources of response variability and probably many
unknown ones. One of the most important is the one I call “the fallacy of
the early case.” There is an understandable desire to treat AD early on in the
course and recently there has been a trend to treat precursors of dementia
such as “minimal cognitive impairment.” Unfortunately, these good intentions
founder on the rocks of our diagnostic capability. It has been known for 30
years that 30% of cases diagnosed early in the course of illness do not show the
characteristic AD pathology (Nott and Fleminger, 1975). More recently, mild
cognitive impairment (MCI), which is sometimes the precursor to cognitive
deterioration, has been studied pathologically. In the words of the authors,
“The neuropathological outcome of amnestic MCI following progression
to dementia is heterogeneous...it includes AD at a high frequency...but
complex neuropathologic findings including 2 or more distinct pathologic
entities contributing to dementia may be common in community-based
cohorts. Neither demographic variables nor cognitive measures had predictive
value in determining which patients diagnosed with MCI will develop the
neuropathologic features of AD” (Jicha er al., 2006). It may be that the price of
early treatment is currently too high to justify the practice.

Sources of heterogeneity of samples of AD cases include variations of synaptic
loss as well as the number and distribution of plaques and tangles (Terry et al.,
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1991; Samuel ez al., 1994). Many pathways in the pathogenesis of AD have
been identified which include amyloid build-up and clearance, synaptic plasticity
inflammatory response and transmitter pathway vulnerability. Since different
drugs will affect different pathways, a mixture of pathogenic types will decrease
the power for any given drug trial to detect improvement.

Heterogeneity is introduced by inaccurate diagnosis. Many subjects of
clinical trials do not have AD. Among cases diagnosed as AD, 10-15% have
fronto-temporal dementia, Lewy body disease, Parkinson’s disease, hippocampal
sclerosis, or cerebrovascular disease (Alexander ez al., 1995; Cercy and Bylsma,
1997; Hatanpaa et al., 2004).

In addition to neuropathological heterogeneity, variation is seen in disease risk
factors, course, and symptoms. The variation in risk factors is both genetic and
environmental. Genetic variation — APOEe4 and mutations of chromosomes
1, 14, 21 and probably 12 and 9 — may well influence response to treatment
(Evans et al.,1997; Pericak-Vance et al., 1997; Hardy and Gwinn-Hardy, 1998;
Gatz et al.,, 2006). Environmental risks which should be considered include
head trauma (Lye and Shores, 2000), years of schooling, probably premorbid
intelligence (Valenzuela and Sachdev, 2006) and possibly aluminum (Flaten,
2001). Diabetes (Arvanitakis ez al.,, 2004; Devanand er al., 1996; Qiu and
Folstein, 2006), and cardiovascular disease (Hayden et al., 2006) appear to
increase the incidence of AD in portions of the population.

Variation in course of illness is related to risk factors such as age, gender,
education, comorbidity, and functional disability which predict survival (Aguero-
Torres ez al., 1998). It would seem reasonable to designate cases as rapid decliners
versus slow decliners. This could be assessed by dating onset of illness from the
first signs of memory loss noted by the family. Since the average course of decline
of the MMSE is known to be two to four points per year, cases can be designated
according to whether they decline more or less than the average. The cause of
variation of course of illness includes comorbid vascular disease or some other
complicating pathological state such as Lewy body disease. In my experience
some families with the disease have a more benign course than others.

Clinical symptoms, which occur in some cases but not others, also affect
outcome. The presence of noncognitive symptoms predicted a more rapid course
in a study by Stern ez al. (1987). This effect is possibly due to the inclusion
of cases with Lewy body disease in the sample since this disorder has a high
frequency of noncognitive symptoms.

It is likely that these multiple pathways to AD will be related to differential
responses to treatment because different etiological mechanisms produce
different neuropathology.

Because of the heterogeneity in cases that are currently accepted in clinical
trials, improvement of measurement accuracy over current levels will bring only
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modest improvement of overall accuracy. For example, most evaluations of
instrument accuracy are made using clinical diagnosis as the standard. If clinical
diagnosis predicts pathology with 85% accuracy, a measure that is 85% accurate
in detecting clinical diagnosis will only be 73% accurate in detecting pathology.
To continue this game, improving instrument accuracy against clinical diagnosis
from 85 to 90% would yield only a 3% improvement in overall accuracy. (In
some studies instrument validity has been demonstrated against neuropathology
However, these studies seldom demonstrate the accuracy of the instrument used
to measure the level of severity of cases entering trials which would have occurred
many years before autopsy.) It is my opinion that improvement in accuracy of
outcome measures will come from the combination of current measures with
measures not yet in common use in clinical trials: scans, plasma and CSF
levels of tau and AS42 and genotypes that index the various types of pathology
and etiology. A new questionnaire is needed which records the presence of all
known risk factors for each case, so that either selection for entry or analysis
of outcome can account for heterogeneity as a source of response. Items to
be included in a risk factor heterogeneity questionnaire: age and age of onset,
education/IQ/cognitive reserve, gender, family history, APOEe4 and other genes,
head trauma, depression, diabetes and cardiovascular risks, rates of decline and
noncognitive symptoms. Sources include patient, family and medical records.
The score could be determined by counting the number of risk factors as well
as categorizing cases according to specific risk factors such as age of onset.

Since clinicians use approved drugs for heterogeneous groups of patients,
large effects and large sample sizes will be needed in trials so that the drug is
seen by clinicians to be effective in their practice. Currently used measures like
the MMSE are adequate to demonstrate these large differences.
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