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ABSTRACT: The magnitude of the problems faced by Canadian society as a result of an aging popu
lation has been identified. Perhaps the most important concern related to this greying of Canada is the 
increasing incidence of dementia and Alzheimer's disease. Therapeutic options for these disorders have 
been limited to date. Advances in biotechnology and molecular biology will offer novel approaches to 
treatment. These and the expansion of more traditional therapeutic avenues require guidelines with the 
aim of optimizing their development. 

RESUME: Lignes directrices Canadiennes pour le developpement de therapies antidemence: un sommaire 
des concepts. L'amplitude des problemes auxquels fait face la societe Canadienne suite au vieillissement de la pop
ulation a ete identifiee. La preoccupation qui est probablement la plus importante a ce sujet est l'incidence crois-
sante de la demence et de la maladie d'Alzheimer. A date, les options therapeutiques pour traiter ces maladies sont 
limitees. Les progres de la biotechnologie et de la biologie moleculaire offriront de nouvelles approches pour leur 
traitement. Des lignes directrices sont necessaires dans le but d'optimiser le developpement de ces nouvelles 
approches ainsi que l'expansion des avenues therapeutiques plus traditionnelles. 

Can. J. Neurol. Sci. 1995; 22: 62-71 

Dementing disorders are now recognized as being one of the 
most important challenges facing medicine in the 21st century. 
The Canadian Study of Health and Aging (CSHA)1 reported that 
prevalence figures for all types of dementia are 80/1,000 over 
age 65 and 345/1,000 over age 85 in this country. Current esti
mates project that by the year 2001 the number of cases of 
dementia will rise to well over 350,000 in total. Of affected indi
viduals, 65% have a diagnosis of Alzheimer's disease.1 The 
direct and indirect cost of care for each patient with Alzheimer's 
disease has been estimated to vary between US $26,000 to as 
much as $47,000 per year (1990 U.S. dollars).2 This estimate 
would translate into a cost of 5 to 9 billion Canadian dollars per 
year at present. By the turn of the millennium, these figures (in 
1990 dollars) may range from 7 to 13 billion Canadian dollars 
annually. To meet this challenge, both government and the pri
vate sector will need to make major investments in terms of 
broadly based multidisciplinary research. 

The limited success of current treatments for dementia and 
related problems adds urgency to the search for effective thera
peutic approaches. Major advances both in molecular biology 
and biotechnology hold considerable promise in this regard. The 
rapid growth of research however requires guidelines to allow 
for an optimized approach to the development of antidementia 
treatments. The existence of an integrated Canadian network of 
investigators (Consortium of Canadian Centres for Clinical 
Cognitive Research, C5R), will allow Canada to play a significant 
role in addressing this serious problem. The following conceptual 

guidelines were drafted to provide points of reference to clinical 
researchers, government and industry in Canada to help meet 
this important challenge. Medical research is of course rapidly 
evolving and the following guidelines are likely to require revi
sions as new knowledge arises. 

DIAGNOSIS 

Dementia 
This syndrome consists of cognitive and functional decline 

and is frequently associated with behavioral sequelae. For the 
effective evaluation of treatment strategies, a consistent diagnostic 
framework must be adhered to. While a number of diagnostic cri
teria have been proposed world-wide,3"5 in Canada the DSM-III-R 
is considered at present to provide the most useful framework for 
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the definition of dementia in general. This diagnostic standard 
continues to be revised and will be updated in DSM-IV. 
Recommendations for the investigative workup of dementia 
have been outlined in the monograph of the Canadian 
Consensus Conference of Dementia (Tables 1,2,3).6 

Alzheimer's disease 

The NINCDS-ADRDA criteria7 continue to provide the clinical 
diagnostic standard. These criteria have been validated both 
clinically and pathologically.89 The error rate in diagnosis has 
been lowered with their rigorous use to 10-15%.8-9 The emer
gence of biological markers such as apo-lipoprotein E41013 will 
further improve etiologic definition and classification of the 
Alzheimer syndrome. Other potentially important diagnostic 
indices in development include G-amyloid-4 fragment markers14"16 

and the myo-inositol peak on magnetic resonance spectroscopy 
(MRS).17 As a dynamic problem, there will continually be new 

Table 1. Conditions suggesting referral for neuroimaging. 

History 1) age less than 60 years 

2) use of anticoagulants and/or a history of bleeding 
disorder 

3) recent head trauma 

4) previous history of carcinoma (from sites that metasta
size to brain - for example, lung, breast) 

5) unexplained neurological symptoms (e.g., new onset 
headaches, seizures) 

6) rapid unexplained decline (e.g., over 1 to 2 months) in 
cognition and/or functional status 

7) "short" duration of dementia (<2 years) 

8) history of urinary incontinence and gait disorder early 
in the course of dementia as suggestive for NPH (in 
the latter stages of Alzheimer's disease, urinary incon
tinence and gait ataxia commonly occur) 

Physical 1) localizing signs (e.g., hemiparesis, Babinski response) 

2) gait ataxia 

Reprinted from "Organizing Committee, Canadian consensus confer
ence on the assessment of dementia..."6 with the Permission of the 
Canadian Medical Association. 

Table 2. Conditions that may confound the diagnosis of dementia. 

1) sensory disorders (e.g., blindness and/or deafness) 
2) psychotic symptoms (pre-existing as opposed to late in the course of 

dementia) 
3) aphasia/dysarthria 
4) language incompatibility between patient and physician 
5) mental retardation 
6) combination of any of the above, especially in a patient of a low 

educational level 

Reprinted from "Organizing Committee, Canadian consensus confer
ence on the assessment of dementia..."6 with the Permission of the 
Canadian Medical Association. 

claims for specific diagnostic tests for Alzheimer's disease that 

will require careful study and further validation.1018"20 

Non-Alzheimer dementias 

These are generally estimated to account for more than one 

third of all dementia cases,'-21-22 but are less well characterised 

with respect to diagnosis, natural history and potential for thera

peutic intervention. To further operationalize diagnostic criteria 

Table 3. Suggested laboratory tests. 

Test G T 

Thyroid indices X 

Metabolic disorders 
- electrolytes X 
- calcium X 
- glucose X 
- BUN/Cr X 
- Ser amm X 
CBC X 
CT scan (cranial) X 
Drug levels X 
Bl2 (in the face of 

a normal CBC) X 
Folic acid X 
Water soluble 

vitamin levels X 
HIV X 
Syphilis serology X 
Heavy metals X 
Chest X ray X 
Mammogram X 
Serum Cortisol X 
Serum lipids 
EEG 
Urinalysis 
ECG 
Arterial blood gas 
Lumbar puncture 
PT/PTT 
Carotid doppler studies 
ESR 

Consensus 
(High, Med, Low) 

++ + +/-

++ 
++ 
++ 

++ 
++ 
++ 

X 
X 
X 
X 
X 
X 
X 
X 
X 

++ 
++ 
++ 
++ 
++ 

++ 
++ 

++ 
++ 

Notes: 
G General (for all patients) 

T Targeted (for selected patients, depending on the history 
and physical exam) 

E Exclude (test not indicated for most patients) 

BUN/Cr Blood urea nitrogen/serum creatinine 

Ser amm Serum ammonia 

CBC Complete blood count 

PT/PTT Prothrombin/partial thromboplastin time 

ESR Erythrocyte sedimentation rate 

Reprinted from "Organizing Committee, Canadian consensus confer
ence on the assessment of dementia..."6 with the Permission of the 
Canadian Medical Association. 
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and assess natural history of these important disorders, a 
uniform Canadian data base is currently planned by the C5R. 

For vascular dementias, traditional classification schema 
have included the Hachinski Ischemic Score and its modified 
versions.23-24 Further updated diagnostic proposals have recently 
been put forward worldwide and are being tested.2527 

Other adult onset degenerative disorders such as Lewy body 
disease,28-29 Parkinsonian dementia3031 and the spectrum of 
frontal dementias32"36 serve as examples of the disorders that 
must have operationalized criteria, to permit any meaningful 
clinical trials. 

Research diagnostic criteria must be defined for all major 
causes of degenerative dementia, as a prelude to reliable epi
demiological and therapeutic studies. 

THERAPEUTIC DESIGN 

The prevalence and availability of validated diagnostic crite
ria for Alzheimer's disease make it currently the main target of 
experimental therapeutic intercession in the context of dementia. 
Much of the discussion that follows is therefore centred on this 
disease, but many of the general concepts outlined will also 
apply to the non-Alzheimer-type dementias. 

Disease Stages 

Comprehensive studies of the natural history of Alzheimer's 
disease allow for effective staging of the illness (e.g.,3740). 
Instruments such as the Clinical Dementia Rating Scale 
(CDR),38-39 the Global Deterioration Scale (GDS)40 and the 
Functional Rating Scale (FRS)41) have been validated and 
include multidimensional assessment of behaviour, cognition 
and function. These instruments are appropriately finding 
increased use in clinical trials. Experimental treatment strategies 
to date have not addressed the full spectrum of disease stages, 
generally restricting inclusion to CDR scores 0.5-2, and GDS 4-5. 
Virtually all clinical trials have narrowly centred on these mild 
to moderate disease stages, with a major focus on cognitive effi
cacy. This approach will need correction. In either the prodrome 
of the disease or in the presymptomatic stages (CDR 0-0.5 and 
GDS 1-3), the emerging biological markers will in all likelihood 
allow for the development of early therapeutic intercession, 
where the goal will be the delay of symptomatic manifestations. 
In the latter stages of this disease (CDR 3 or more, GDS 6 or 
more) behavioral problems are paramount. These have been 
largely ignored in the context of experimental therapy in general 
and drug development in particular. This must be addressed as 
caregiver stress and institutionalization generally result from 
unmanageable behaviour rather than cognitive impairment. 

Therapeutic goals should be defined more broadly to include 
all disease stages and thereby provide treatment possibilities 
across the entire spectrum of this illness. The development and 
validation of multidimensional disease assessment scales for 
Alzheimer's disease allows for more comprehensive disease 
staging and their emphasis in assessing new therapies is advo
cated. 

Study Design 

The heterogeneity of Alzheimer's disease with respect to 
clinical features and natural history poses a considerable challenge 

to the conduct of clinical trials. In particular, the observation of 
subgroups in this illness (e.g.,42-44) including early versus late 
onset disease,45-46 slow versus fast progression,43-47 early 
aphasia48 and extrapyramidal features424951 complicates the 
issue of subject selection and the interpretation of results. 
Studies to date have included a highly restricted patient popula
tion with "probable" Alzheimer's disease, generally without 
comorbidity. In our experience, currently, as many as 10-20 
"probable" Alzheimer disease patients may be screened to enrol 
a single patient in a trial. At the conclusion of studies using such 
samples, there is uncertainty as to who will benefit from the 
therapy in the Alzheimer patient population at large. Further, the 
precise definition of acceptable efficacy to toxicity ratios in 
these generally elderly, often fragile patients will only be 
answerable with more representative patient populations being 
studied. 

Another design concern is the need for placebo controls. 
Although such designs are recognised to be particularly helpful 
in the context of cognitive and behavioral disorders, the require
ment of long term exposure to placebo to evaluate strategies 
such as disease stabilization raises serious ethical concerns. The 
use of historical control data accumulating from longitudinal 
Alzheimer research studies5253 might offer a possible alternative 
to placebo controlled trials. 

Representative diversity of both patients and research sites is 
desirable to allow for a balanced sample reflecting regional, eth
nic and socio-economic status diversity. The above issues may 
be addressed through the use of multicentre trials, particularly if 
they cross national boundaries and continents. Multicentre trials 
also allow for the necessary larger sample sizes to deal with the 
heterogeneity of this illness and the relatively modest treatment 
effects. 

The distribution of dementia diagnoses in other countries 
may be considerably different from Canadian figures (e.g.,5455) 
and results of clinical trials with the same agent may yield 
results specific to an individual country (e.g.,5657). 

Large sample size multicentre trials are most effective in 
addressing the heterogeneity of Alzheimer's disease and provide 
the best avenue for harmonization of trial populations, outcome 
measures and assessment of therapeutic efficacy. 

Phases of Drug Development 

Phase I 

Traditionally, Phase I studies have been conducted with 
healthy volunteers, young and old, for the purpose of elucidating 
kinetics, pharmacodynamics, toxicity and tolerance to pharma
cologic agents. 

As new therapeutic avenues outside of the traditional phar
macologic realm (including tissue transplantation, the use of 
growth factors and genetic engineering) rapidly evolve, alterna
tive approaches to Phase I will need to be considered. 

Phase II 

The traditional role of phase II studies has been the evalua
tion of the safety and efficacy of drugs in small, well defined, 
restricted patient groups. However the need to accelerate drug 
development, and concerns related to cost and similar issues are 
often leading to a broader approach of combining phases II and 
III. Caution is needed with the uncritical adoption of this strategy. 
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Studies become highly restricted and results cannot be applied 
across the spectrum of Alzheimer's disease. 

The traditional clear separation of Phase II and III would 
therefore continue to be desirable. 

Phase III 

This phase allows for data acquisition to support the safety 
and efficacy necessary for drug labelling. Individuals across the 
entire spectrum of the disease should be studied, with comorbid 
medical problems and with their concomitant medication 
requirements. The stated goal would be to test the treatment in 
question on a sample of the population for whom it is ultimately 
intended. This refocus of phase III development would also 
address some of the ethical concern of subject exclusion for rea
sons other than safety. 

Phase III studies in Alzheimer's disease should include a 
broad sample of patients with comorbid medical problems and 
with concomitant medications commonly required in the elderly. 

Phase IV 

The traditional post-marketing phase of pharmaceutical 
development has been to provide safety surveillance. In 
Alzheimer's disease, this phase, if emphasized by regulatory 
authorities, could allow for an opportunity to assess long term 
clinical pharmacoeconomic benefits, as well as the duration of 
treatment effects. Clinical trials have not generally allowed for 
these assessments to be made in the earlier phases of develop
ment. Recognizing the chronicity of the disease, its long course, 
and the potential costs that will be incurred by indefinite treat
ment duration, this phase will likely take on new importance as 
public pressure for drug release mounts. 

Phase IV studies in Alzheimer's disease should complement 
pre-marketing studies by the collection of long-term clinical and 
pharmaco-economic data. 

Measurement 

The phenomenology of dementia demands that reliable mea
surement indices be established for cognitive, behavioral, func
tional and biologic parameters. These measurements should be 
ecologically valid and clinically meaningful. At present, mea
surements are often inadequately defined and there is variable 
agreement with respect to their relative merit. 

Cognitive Domains 

Currently the Alzheimer's Disease Assessment Scale 
(ADAS)58,59 is the most widely used outcome measure in clini
cal trials in North America. It combines both cognitive and non-
cognitive assessment. Its use has been dictated principally by 
the relative familiarity of both investigators and regulatory bod
ies with this instrument, however, its ability to capture the 
important domains of Alzheimer's disease and its ecologic 
validity remain uncertain. 

One important criterion in selecting a scale for use as a cog
nitive outcome measure in clinical trials is its ability to distin
guish affected individuals (in the early phases of illness) from 
normal controls. This is necessary, in order to measure potential 
improvement in response to a given treatment. While ultimately 
a pool of neuropsychological tests might best fulfil this require
ment, careful examination of this issue for any proposed battery 
appears important. Comparison of scales against the ADAS, 

such as recently undertaken,60 with the ADAS-Cognitive and the 
Repeatable Battery for the Assessment of Dementia (RBAD)61-62 

and the Cognitive Drug Research Computerized Battery 
(CDR)63 might become a requirement prior to the adoption of 
new scales in clinical trials. In that particular comparison, the 
ADAS-Cognitive scale distinguished Alzheimer's patients from 
normals on 3 of 7 subscales, and on total score, correctly classi
fying 67% of AD patients and 86% of normal controls. The 
RBAD appeared to reliably differentiate Alzheimer's from nor
mals, correctly classifying 80% and 79% respectively, with 3 of 
6 subtests and total score distinguishing the two groups. The 
CDR system correctly classified 77% of AD patients and 87% 
of normal controls, based on significant differences on nine of 
twelve subtest measures and two summary scores.62 This would 
suggest that scales other than the ADAS-cognitive might offer 
alternatives and that the search for better approaches should 
remain active. 

Current instruments in use in clinical trials, including ADAS-
cognitive, also do not adequately address several important cog
nitive domains known to be affected in Alzheimer's disease. 
These include specific memory systems, executive functions, 
agnosias and attention. 

In the realm of cognitive function, the choice of outcome 
measures is further complicated by potential floor and ceiling 
effects in this population. While most currently employed 
instruments are useful with mild to moderate dementia, more 
severely impaired subjects cannot be adequately assessed with 
these measures. 

Several new assessment techniques for the more advanced 
patient have been proposed (e.g.,64-66). The "Test for Severe 
Impairment" (TSI) requires only a brief evaluation time and 
assesses well-learned motor performance, language comprehen
sion, language production, immediate and delayed memory, 
general knowledge and conceptualization. A test with the same 
target population, the Severe Impairment Battery (SIB),66-67 

requires slightly more administration time than the TSI, is com
posed of simple, one-step commands presented in conjunction 
with gestural cues and allows for scoring of non-verbal and par
tially correct responses. A conceptually novel approach applies 
Piagetian measures of cognition to this population.65 This may 
provide a valuable alternative in the assessment of severely 
impaired individuals.65 

With the advent of longer duration treatment studies, combi
nations of cognitive test measures are likely to be needed and 
their combined use will require validation. 

Cognitive measurement instruments should have the ability 
to detect improvement in the mild as well as the severe stages of 
the disease. Further, they should be ecologically valid and sam
ple cognitive domains relevant to the clinical expression of the 
illness. Current standards will need to be revised accordingly. 

Behavioral Domains 

The need to assess behaviour as a central part of the Alzheimer 
syndrome has been increasingly recognized (e.g.,58-68-70). More 
than half of patients with Alzheimer's disease are estimated to 
develop depression.71"74 The most commonly used depression 
scales such as the Hamilton Depression Scale,75 the Beck 
Depression Inventory76 and the Cornell Depression Scale77 

require a certain degree of cognitive intactness and insight. In 
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the dementia context, the transition points in their utility are not 
clearly established and may require additional caregiver input, a 
requirement stipulated by the Cornell Depression Scale.77 

Psychotic symptoms occur in over 50% of patients, most 
often in moderately to severely impaired individuals.78 In this 
regard, the selection of behavioral measurement instruments 
should include the domains of disturbed thought, sleep wake 
cycle as well as pacing and wandering. The Behave-AD69 is well 
validated and normed and captures the important domains of 
concern in this context. 

Dementia specific depression scales which allow for caregiver 
input are required. Reliable transition points of patient self 
report will need to be clarified. Inventories for disturbed 
behaviour need to be specific for Alzheimer's disease and 
dementia use. The Behave-AD fulfils this requirement and its use 
is recommended in the assessment of major behavioral pathology 
in Alzheimer's disease. 

Functional Assessment (Activities of Daily Living) 

Functional disabilities in activities of daily living (ADL) are 
often the first clinical indicators of dementia and are recognized 
as an important part of the disease process. The observed loss of 
functional autonomy in Alzheimer's disease progresses from 
instrumental ADL to basic ADL: financing, homemaking, trav
elling, dressing, personal hygiene, toileting, eating and conti
nence. The process is closely linked to the deterioration of 
executive functions, such as initiation, planning and organiza
tion of action, and effective completion of the activity. The loss 
of functional autonomy does not parallel the loss of cognitive 
functions.79 Coupled with intermediate-stage behavioral changes 
in Alzheimer's disease, the caregiver burden from loss of func
tional autonomy may be a determinant factor for early institu
tionalization. ADL scales used in most clinical trials have been 
borrowed from scales used in non-demented populations, usually 
with physical disabilities quite unlike patients in early or inter
mediate-stages of Alzheimer's disease.8081 The Disability 
Assessment in Dementia (DAD), a newly developed 
French/English scale, has been generated for proxy-respondents, 
caring for patients with Alzheimer's disease living at home, 
based on the hierarchy of losses in ADL and on its process.82 

// is recommended that scales developed specifically for 
patients with Alzheimer's disease, such as the DAD, be used in 
each therapeutic trial. 

Global Clinical Impressions 

The clinical effectiveness of new treatments should be appar
ent to experienced clinicians assessing patients.83 A clinical 
global assessment can allow for these observations to be made, 
however the lack of structure and guidelines for the administra
tion of current scales used for this purpose, limits their utility. 
Multidimensional scales such as the CDR and the FRS employ
ing the sum of the boxes rather than a forced stage could serve 
this purpose. In the United States, the Clinical Interview Based 
Impression of Change (CIBIC), (unpublished letter to investiga
tor from Paul Leber, 1991) has been advocated for use, but this 
is not without controversy. While attempting to give more struc
ture to the concept of Clinical Global Impression (CGI), this 
technique has yet to be rigorously validated. 

The importance of clinical global impressions is recognised 
in establishing that a treatment strategy is clinically relevant. 

Current scales however lack structure, clear administration 
guidelines and validation. The option of using multidimensional 
scales where scores can be summed is recommended. 

Imaging of Biological Activity 

Use of neuroimaging parameters as outcome measures in the 
development of new therapies is continually advancing. While 
the technologies for physiologic measurement are available, 
their routine use has been restricted by technical complexity, 
cost and lack of sufficient experience to establish correlations to 
functional outcome. Recent technological advances and increas
ingly standardized scientific data collection and interpretation 
will allow for their use in the mainstream of antidementia drug 
development. The following major approaches are currently 
most often used, either singly or in combination: 

Positron Emission Tomography (PET) 

Radionuclide emission tomographic studies in Alzheimer's 
disease have demonstrated that there are characteristic regional 
patterns of impaired cerebral blood flow (CBF) and 
metabolism8488 and a linear relationship between them has been 
established.89 Metabolic changes have additionally been correlated 
to regional histopathologic abnormalities.9091 Identification of 
disease subgroups (e.g.,47) may be facilitated by this technology 
but verification is still needed and results have been mixed.849293 

This technology could also be of potential value in establish
ing the diagnosis and in assessing efficacy of treatments in indi
viduals with higher premorbid function or early disease.94 

Studies of cerebral pharmacodynamics have shown the effects 
of neuroactive drugs on regional glucose metabolism as an index 
of regional synaptic activity.95"98 Effects of successful pharmaco
logic treatment on metabolic pattern associated with other neu
rological diagnoses have been carried out as well.99100 

Activation paradigms101103 might provide a more powerful 
means of quantifying specific effects of drugs on cognitive func
tion. These paradigms include utilizing H2

I 50 PET to image 
brain function during the execution of memory tasks and then 
assessing the effects of neuroactive drug treatments on these 
same endpoints.104"106 

New PET methodologies also allow for specific labelling of 
neurotransmitters and/or their receptors107 with the potential that 
responders to specific compounds might be identified. This 
might thus also provide a promising avenue for the evaluation of 
novel therapies.108 The cost, availability of radioactive materials, 
and relative invasiveness of this technology however will continue 
to limit a more widespread application to clinical trials. 

Single Photon Emission Tomography (SPECT) 

Single photon emission computed tomography, a nuclear 
imaging technique that also measures cerebral blood flow and 
receptor distribution, reveals the characteristic abnormalities of 
Alzheimer's disease established with PET.109 The sensitivity and 
specificity of these SPECT patterns in Alzheimer's disease have 
yet to be well established however. 

Unlike PET methodology, which allows for quantitative mea
surement of metabolic parameters, the analysis of SPECT is 
restricted at present to semiquantitative measurement of regions 
of interest. While SPECT studies can potentially be quantified, 
most of the work in the quantification of external imaging 
techniques has been carried out in PET. Promising development 
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of receptor binding radionuclides with QNB binding have 
potential application to neurotransmitter systems affected in 
Alzheimer's disease.110 Such receptor labelling may again allow 
for better understanding of drug action in Alzheimer's disease 
and the identification of responders to compounds modifying 
specific neurotransmitters. 

The widespread availability, better tolerance by patients and 
considerably lower cost of SPECT compared to PET, offers the 
promise for a key role in the development of new treatment 
strategies. Realization of this potential will depend upon the 
development of appropriate quantification techniques. 

Magnetic Resonance Imaging (MRI) 

Both PET and SPECT technologies are limited by their rela
tive invasiveness in terms of radioactive exposure and their use 
in repeat monitoring is therefore limited. While structural MRI 
has not been useful as an outcome measure in drug develop
ment, the evolution of expanded MRI modalities, including 
functional and spectroscopic imaging, may offer greater poten
tial in this context. On HI MR Spectroscopy there are reported 
characteristic abnormal metabolic profiles of Alzheimer's 
patients17 which are to be tested in longitudinal research for 
their potential utility. Functional MRI also holds considerable 
promise as a tool in drug development, since it allows potentially 
for the assessment of the same endpoints as H2

I 50 PET, without 
the attendant cost or radiation exposure. This technique could 
accordingly permit comprehensive dose response studies, the 
comparison of acute versus chronic drug effects over time, as 
well as evaluation of the effects of therapy over the natural his
tory of an illness. Specific therapeutic intervention might then 
also be assessed non-invasively in terms of drug effects on 
synaptic activity in specific regions of the brain. Like PET, the 
combination of activation and drug treatment paradigms could 
potentially be used.104"1061" The realization of the potential of 
this technology in the context of clinical trials will depend on its 
technical maturation. 

Quantitative Electroencephalography (QEEG) 

On both regular and spectral EEG assessment, Alzheimer 
patients exhibit a higher percentage of slow wave delta and theta 
power, a lower percentage of fast wave activity and a general 
reduction in the mean frequency of the dominant brain 
rhythm."2-"9 

Quantitative (computer-assisted) topographic EEG (QEEG) 
measurements are reported to be sensitive indices in both mild 
and in early onset Alzheimer's disease,120121 as well as in the 
different stages of disease progression.122123 Recently, this tech
nology has increasingly been employed in the early develop
ment of antidementia compounds (e.g.,124). It appears to be 
sufficiently sensitive to allow for the determination of cerebral 
bioavailability of psychotropic substances and for their profiling 
in terms of dose-response and time response curves.125 QEEG 
may be useful as a neurophysiologic outcome measurement 
when a specific intervention demonstrates a shift towards a more 
normalised electrographic activity pattern.126"128 The non-inva-
siveness of QEEG, together with its ability to be applied 
painlessly and without subject risk due to attendant radioactivity 
make this an attractive option for use in clinical trials. Further, 
the relatively lower associated costs compared to other technolo
gies, make this a particularly useful tool for investigating brain 
functions continuously and repeatedly during early Phase I drug 

development as well as in larger Phase II clinical studies. 

Combined Multimodal Imaging 

Although major advances have been made in many neuroim-
aging modalities during the past 20 years, each has relative limi
tations in terms of spatial/temporal resolution, the specific 
nature of the processes measured, and cost and feasibility fac
tors. For a more accurate diagnosis and a complete assessment 
of CNS impact of treatments a more thorough knowledge of 
activity throughout the neuraxis is needed, requiring information 
from several imaging modalities. With the the relatively good 
image resolution of MRI comes the opportunity to superimpose 
functional images from EEG, PET and evoked potentials onto 3-
dimensional anatomical maps.129 A number of laboratories 
throughout the world have successfully superimposed various 
imaging modalities (e.g., MRI and EEG) with a consequent 
advancement of anatomical and functional resolution which may 
lead to a deeper understanding of the cognitive/neural network 
abnormalities and their changes throughout the course of 
dementia.130 

THERAPEUTIC APPROACHES 

While there is currently no approved benchmark treatment 
available in Canada for Alzheimer's disease, an ever expanding 
number of clinical trials are being conducted in this country. 
The pharmacologic approaches used over the last decade have 
been broad and their results have been variable. Studies have 
often reported positive results on small numbers of patients and 
the reproduction of positive studies has been limited. There have 
frequently been serious methodological problems in these stud
ies. As the pathophysiology of Alzheimer's disease is better 
understood, pharmacologic strategies will find a more rational 
footing and prior approaches will likely become obsolete. At 
this juncture, in addition to the traditional pharmacologic 
avenues, advances in molecular genetics, and biotechnology 
offer hope for alternative therapeutic development. 

Pharmacologic 
These can be broadly classified into symptomatic, and stabi

lization approaches. 

Symptomatic Therapies 

In proposing a medication as a putative symptomatic treat
ment for Alzheimer's disease, it is essential that several issues 
be addressed. The first is the identification of which symptoma
tic domains of cognition, behaviour, or function the treatment is 
intended to improve. Second, it is mandatory that symptomatic 
treatment effects be clinically apparent and meaningful. Third, 
an assessment of the timeline of efficacy of a new treatment 
should be undertaken in its phased development. This should 
include establishing endpoints of symptomatic treatments and 
the operational criteria that might be used for such a determina
tion. Fourth, pharmacoeconomic impact should be measured 
during drug development prior to presentation to regulatory 
authorities. An effective symptomatic treatment should include 
either reduction of care costs, and/or an improved quality of life 
for patient and/or caregiver. 

Stabilization Therapies 
In proposing a medication as a putative stabilization treat

ment for Alzheimer 's disease, several issues need to be 
addressed. First there is a need to demonstrate that the agent in 
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question significantly slows disease progression. Currently, 
global staging instruments such as the CDR, FRS and GDS are 
the most accessible instruments to demonstrate disease slowing. 
In using these instruments effectively, there should be a mini
mum interval of 6 months between assessments and a total eval
uation period of > 12 months, as the measurement of global 
change is less reliable for shorter periods.52 

Secondly, the pharmacoeconomic impact of such a treatment 
should again be measured in its phased development prior to its 
presentation to regulatory authorities. A comparative reduction 
of care costs and service utilization should be demonstrated. 

// is recommended that an indication for symptomatic treat
ment of Alzheimer's disease is supported by a demonstration of 
efficacy within at least one of the individual domains affected 
(cognition, behaviour, function). There would however be no 
obligation to show a significant effect on global staging scores. 
On the other hand, for an indication of disease stabilization, a 
global staging of efficacy would be mandatory without the obli
gation to demonstrate specific efficacy in an individual domain. 

A distinction between long-term symptomatic effects and sta
bilization remains to be clarified. 

Molecular Biology and Biotechnology 

Emerging biotechnology is rapidly widening the scope of 
potential treatment strategies. The successful in vitro production 
of recombinant nerve growth factors and improved methods for 
their transportation across the blood-brain barrier131 may allow 
for clinical trials in Alzheimer's disease in the near future. 
Nerve growth factors are being applied to other neurodegenera
tive disorders132 and could have applications in Alzheimer's dis
ease. Fetal tissue transplantation is another strategy currently 
being considered. These new approaches may be symptomatic 
and/or stabilizing and will need to be evaluated accordingly. 

As knowledge of the molecular genetics of Alzheimer's 
disease continues to evolve, genetic interventions on identified 
mutations and other aspects of the convergence cascade133 of 
Alzheimer's disease may become possible. The mutations on 
chromosomes 14 and 21 in early onset familial Alzheimer's dis
ease134"137 as well as the Apolipoprotein E allelic markers on 
chromosome 19 1 0 1 3 in late onset familial and sporadic 
Alzheimer's disease have allowed an expanded characterisation 
of the pathophysiologic events. The B-A4 amyloid protein frag
ment may have a central pathogenetic role in Alzheimer's dis
ease14 and might be a biologic marker. Evolving therapeutic 
strategies may allow for the reduction of B-amyloid production 
through protease inhibitors. APO-E interventions are yet to be 
developed. 

The precise potential for therapeutic intervention on this 
basis remains to be determined, but if realized, current guide
lines will need amendment to include presymptomatic therapies. 

RISK/BENEFIT FACTORS 

As an incurable disease, there is ever increasing pressure to 
develop therapies rapidly and to allow their general use as early 
as possible. As the discussions of the risks and benefits to 
patients in this process are intensifying, a number of dilemmas 
are apparent. The progressive nature of this illness requires 
intercession as quickly as possible, while non-judicious use of 

inadequately tested treatments with doubtful efficacy and signifi
cant toxicity can be injurious and is clearly undesirable. 

The age effect of this disease dictates that elderly patients, 
often frail and with comorbid disease, will be the individuals for 
whom new treatments are developed. In terms of pharmacologic 
therapies, the question of the acceptable ratio of efficacy against 
toxicity is being debated. There are currently no accepted 
indices for this measurement and their development is urgently 
required as the number of new drug applications to the Health 
Protection Branch is increasing. The effective and difficult to 
measure "quality of life" is also an important variable in the 
evaluation of the efficacy/toxicity ratio of a given compound 
that needs attention. 

A further concern with respect to emerging biotechnological 
therapies for Alzheimer's disease is the absence of reliable ani
mal models for investigation. The "new biology" of nerve 
growth factors, genetically engineered tissues, and other tissue 
modifying techniques pose both ill-defined risks as well as con
siderable opportunity. While showing therapeutic promise they 
may also have significant risks with respect to oncogenesis, 
aberrant synaptogenesis, paradoxical increases in B-amyloid and 
tau protein production. Further, these interventions could create 
aberrant positive feedback loops. The question of whether 
human experimentation will therefore be justifiable or necessary 
will require complex ethical considerations. This is mitigated by 
the fact that other neurodegenerat ive i l lnesses, mainly 
Parkinson's disease, for which there are more satisfactory ani
mal models, have been safely approached with some of these 
techniques. If the proposal that neurodegenerative illnesses 
share pathogenetic mechanisms, at least in their early stages, is 
indeed correct, the rationale for the use of tissue modifying 
techniques in indications without satisfactory animal models 
may be stronger. 

The risk/benefit ratio also has to be evaluated from a pharma
coeconomic perspective. In the face of the ever shrinking eco
nomic base of the Canadian health care system, there is a need 
to consider in addition to relative clinical efficacy the direct and 
indirect cost of care. Provincial formularies in Canada will be 
facing difficult decisions as to which particular therapeutic 
agents to cover, with important cost implications to an aging 
population with limited means. The cost of monitoring for 
potential toxicity may well pose an additional barrier to univer
sal access. There is clearly a need in the development of anti-
dementia therapies to focus not only on statistically significant 
results of primary efficacy, but on the full range of clinical 
effects, valid risk/benefit assessment, quality of life and pharma-
coeconomics. 

In summary, there is now recognition of the magnitude of the 
problem of dementia and its impact on Canadian society. This is 
reflected in the collaborative efforts of the research community, 
industry and government. The further development of standard
ized diagnostic criteria, the creation of uniform data bases and 
the advent of reliable biological markers for dementing disor
ders allow for more meaningful clinical research and therapeutic 
trials. The striking advances in this field made possible by the 
"new biology" make it increasingly likely that effective thera
peutic intercessions, with marked improvement in quality of 
life, a low risk/benefit ratio and meaningful pharmacoeconomic 
benefit will indeed be discovered. 
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