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Perspectives

Optimal design of clinical trials for drugs designed to slow the course
of Alzheimer’s disease

Richard C. Mohsa,*, Claudia Kawasb, Maria C. Carrilloc

aLilly Research Laboratories, Eli Lilly and Co, Indianapolis, IN 46285, USA
bDepartment of Neurology, University of California, Irvine, CA 92697, USA

cAlzheimer’s Association, Chicago, IL 60601, USA

bstract Compounds now in clinical development are hypothesized to slow the clinical progression and
pathogenesis of Alzheimer’s disease (AD) by their effects to diminish production, increase clear-
ance, or decrease aggregation of amyloid � protein. Options for investigating the effects of these and
other drugs on clinical progression and pathogenesis of AD were examined at a conference that
included: (1) a review of experimental methods used to investigate disease-modifying drugs for
multiple sclerosis, rheumatoid arthritis, cardiovascular disease, and osteoporosis; (2) discussion of
possible study designs and outcome measures for trials in patients with AD; and (3) discussion of
biomarkers available for AD. There is no uniformly best way to investigate a drug’s impact on AD
progression but characteristics of studies supportive of a disease-slowing effect can be specified.
Relevant clinical outcomes in drug-treated patients versus placebo-treated patients should be
compared over at least 1 and possibly as long as 2 years with biomarkers reflective of pathogenesis
and of the drug’s mechanistic effects measured concurrently.
© 2006 The Alzheimer’s Association. All rights reserved.

Alzheimer’s & Dementia 2 (2006) 131–139
eywords: Trial design; Disease modification; Biomarkers; Drug treatment

t
w
2
d
p
a
A
T
f
m
t
o
m
t
s
a
a

s

. Background

Advances in understanding of the pathogenesis and genetic
isk factors for Alzheimer’s disease (AD) have led to the
iscovery of drug candidates that could potentially slow the
athogenesis of AD, decrease the progressive loss of neurons
ssociated with AD, and improve patient outcomes. Both the
echanism of action and the clinical benefit that might be

erived from these disease-modifying therapies are different
rom those associated with currently available therapies de-
igned to lessen disease symptoms by augmenting neurotrans-
itter activity. Consequently, the clinical trials supporting the

egistration and use of these disease-modifying drugs would be
ifferent from those supporting symptomatic therapies. Cur-
ently, there is no general agreement among investigators
bout how these newer therapies should be tested. To help
nform the discussion of study design options for these drugs,

*Corresponding author. Tel.: 317-651-8324; Fax: 317-277-6286

tE-mail address: mohsri@lilly.com

552-5260/06/$ – see front matter © 2006 The Alzheimer’s Association. All righ
oi:10.1016/j.jalz.2006.04.003
he Alzheimer’s Association Research Roundtable sponsored a
orkshop held in Washington, DC on November 23 and 24,
005. Present at the symposium were researchers from aca-
emic medicine, the National Institute on Aging (NIA), the
harmaceutical industry, regulatory staff from the U.S. Food
nd Drug Administration (FDA), and representatives of the
lzheimer’s Association including caregivers and patients.
he meeting included presentations by clinical researchers

rom other therapeutic areas in which drugs with disease-
odifying properties have been investigated as well as presen-

ations by AD researchers with expertise in trial design, clinical
utcome assessment, and biomarkers. The overall aim of the
eeting was to identify both the strengths and limitations of

he possible study designs, available clinical outcome mea-
ures, and biomarkers for investigating these newer treatment
gents. This report provides a perspective on the data, issues,
nd discussion topics that emerged from that meeting.

The impetus for the meeting is that several commercial
ponsors now have clinical drug candidates that are directed

oward biologic targets thought to be part of the primary

ts reserved.
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athology of AD. In particular there are several clinical
andidates designed to slow the production, decrease the
ggregation, or enhance the clearance of amyloid � protein
n brain. A substantial body of genetic, neuropathologic,
nd clinical evidence [1] implicates this protein in the
athogenesis of AD. Although these anti-amyloid therapies
re the most advanced of the potential disease-modifying
herapies for AD, the perspectives described in this report
re intended to be relevant to the development of any
herapy directed at the underlying pathogenesis of AD,
ncluding antioxidants, drugs directed at neurofibrillary tan-
les, or other biologic processes leading to neuronal dys-
unction and clinical symptoms [2].

This report gives a high level overview of the way
isease modification has been approached in other therapeu-
ic areas and then provides a discussion of key issues in-
olved in the development and testing of potential disease
odifying therapies for AD. Although there is no estab-

ished way of demonstrating a disease-modifying effect of a
herapy, the drugs referred to by this name are thought to
hare certain characteristics. First is that the therapeutic
enefits of proposed disease-modifying therapies are not
hort term or short lived; rather, these drugs are expected to
ave a relatively persistent and increasingly positive effect
n the long-term course of chronic disease. This hypothe-
ized effect is depicted in the left hand portion of Fig. 1 with

Randomized Start Design

Drug

Placebo

0 18 22

Time (months)

Blinded
Cross-Over

ig. 1. Graph shows hypothetical effects on a drug that slows the clinical
rogression of Alzheimer’s disease investigated over an 18-month treat-
ent period versus placebo with a blinded follow-up of placebo patients

uring a 4-month delayed-start period. Cognitive function as measured by
he ADAS-Cog declines more slowly in drug-treated patients than in those
eceiving placebo. When placebo-treated patients are given active drug
rom month 18 to month 22, their rate of decline appears to slow, but
ognitive function in these patients remains below that of patients receiving
ontinuous treatment.
linical course of symptoms over time measured by some a
elevant outcome measure such as the Alzheimer’s Disease
ssessment Scale-Cognitive Portion (ADAS-Cog). Given

he natural history of symptom progression in AD, the
eparation of drug-treated patients versus placebo-treated
atients shown in Fig. 1 could probably only be observed
ver periods of greater than 1 year. A second characteristic
f proposed disease-modifying therapies is the hypothesized
ink between the effect of the drug on some aspect of
isease pathogenesis and observed clinical benefit, a link
upported by biomarker data from the clinical trials. Inves-
igations of the clinical utility of any disease-modifying
herapy for AD would require studies over relatively long-
erm periods relative to placebo or other comparator. Claims
hat long-term clinical benefit is related to a drug effect on

specific aspect of pathogenesis would require supportive
ata showing a link between clinical measures and action of
he drug on relevant biomarkers.

. Symptomatic and Disease-Modifying Effects in Clinical
rials: Examples from Other Therapeutic Areas

Novel drugs with disease-modifying properties have
een evaluated and approved in several therapeutic areas
ut not for AD or other type of dementing illness. The
tandards used to support registration and use of drugs
urrently approved for the treatment of AD are well known
3–5]. Each of the approved drugs has been shown to im-
rove both cognition and global clinical function over pe-
iods of 3 to 6 months relative to placebo in double-blind
rials [6,7]. Cognition is measured by a performance-based
est in which patients are asked to complete tasks taxing
earning, memory, language, judgment, praxis, and other
ognitive abilities known to be impaired in AD; the test
ost widely used in clinical trials of antidementia drugs is

he cognitive portion of the ADAS-Cog [8]. The coprimary
linical measure in these trials is usually a clinician-rated
lobal assessment such as the Clinician’s Interview-Based
ssessment of Change (CIBIC) [9] or a scale that provides
quantitative assessment of the patient’s ability to perform

ctivities of daily living (ADL) [10]. Both measures, the
IBIC and ADL, are completed by trained clinical raters
ith input from both the patient and a caregiver who has

requent contact with the patient.
There is no adequate definition of a disease-modifying

reatment that is universally applicable. Current discussions
f disease modification in AD do not contemplate 2 of the
otential objectives of drug treatment for AD, namely, pre-
ention and cure. The investigations required to show either
rimary prevention of AD or cure of AD are, although
ifficult to perform in practice, fairly straightforward to
esign. The aims of most of the potential disease-modifying
rugs for AD currently in development are more modest,
nd the studies under discussion are designed to investigate
laims other than prevention or cure. Specifically, most

nti-amyloid drugs are being studied for their possible long-
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erm benefit on symptoms of disease and on the progression
f underlying pathogenesis in patients with diagnosed AD.

.1. Disease modification in multiple sclerosis
Some of the drugs available for the treatment of multiple

clerosis such as type 1 interferons and glatiramer acetate,
re thought to have disease-modifying effects as well as
ffects on symptoms of disease. The effects of these drugs
n patients with multiple sclerosis (MS) have been evaluated
n randomized, placebo-controlled clinical trials with treat-
ent for 1 to 2 years [11]. Clinical measures, primarily the
xpanded Disability Status Scale (EDSS), and biomarkers,
rimarily magnetic resonance imaging (MRI) visible le-
ions, have been used to evaluate the currently available
herapies. Psychometric limitations of the EDSS have
rompted clinical investigators to develop newer, more sen-
itive and widely applicable clinical measures [12] such as
he Multiple Sclerosis Functional Composite (MSFC). MRI
isible lesions correlate poorly with clinical outcomes in
S; hence, there is considerable research investigating

ther brain imaging measures that can provide evidence of
elevant drug effects, including effects on brain atrophy.
ongitudinal relationships among clinical and imaging bio-
arkers for MS progression are not precise with only low

orrelations between progression of disability and MRI vis-
ble lesions [12]. Also, the current standard clinical assess-
ent (EDSS) correlates poorly with brain atrophy at fol-

ow-up over a clinically relevant period; the correlation with
more refined clinical measure (MSFC) is somewhat better

12]. Although there are limitations to both the clinical and
maging biomarkers used to evaluate treatments for MS, the
ata validating these measures are sufficiently robust to
upport their routine use in the evaluation of new therapies.
efinements in both clinical and biomarkers of drug effect
re still needed to drive development and testing of new

Potential Claims for Rheumatoid 
Arthritis

Reduction in signs and symptoms of RA

Major clinical response

Complete clinical response

Remission

Prevention of disability

Prevention of structural damage

ig. 2. A list of potential claims for drugs used to treat rheumatoid arthritis.
ote that each type of claim requires different supporting clinical data and

ome require biomarker data as well. (Courtesy of Marc Hochberg, MD.)
herapies for MS. c
.2. Disease modification in rheumatoid arthritis
Several therapies are approved for this chronic condition,

nd labeling varies substantially to reflect the range of
linical and biomarker effects that have been shown for
ach therapy (Fig. 2) Nonsteroidal anti-inflammatory drugs
NSAIDS) are used routinely for management of disease
ymptoms, whereas disease-modifying antirheumatic drugs
DMARDs) are aimed at different levels of the underlying
athophysiology of rheumatoid arthritis (RA) and provide
dditive, or possibly synergistic, efficacy. Examples of
MARDs are methotrexate [13] and newer biologic agents

uch as tumor necrosis factor (TNF)-� antagonists [14].
elevant clinical parameters measured to assess efficacy

nclude signs and symptoms of disease, disability, and ex-
ent of therapeutic response [15]; use of these measures can
ead to specific claims including major clinical response,
omplete clinical response, remission, and prevention of
isability. Radiographic measures reflecting structural dam-
ge associated with RA can also be used to support claims
f disease modification, with the provision that positive
adiologic changes are observed over a 1-year treatment
eriod. No single outcome measure can substitute for oth-
rs, however, and labeling as well as clinical use depend on
he specific types of outcome seen and the period over
hich that outcome is observed.

.3. Disease modification in cardiovascular disease
Evaluation of drugs for the treatment of cardiovascular

isease routinely involves measurement of both clinical
ndpoints and biomarkers that are mechanistically related to
he underlying pathogenesis of disease. The utility of serum
holesterol as a surrogate marker for clinical efficacy in
ardiovascular disease is supported by a very large volume

Clinical Trials Considerations for 
Cardiovascular Disease

Primary Prevention Trials

– Low-risk patient populations, biomarkers that correlate with or predict 1st

CV events

Secondary Prevention Trials (non-ACS)

– High-risk patient populations, biomarkers that correlate with unstable 
atheroma

Subject with Acute Coronary Syndromes

– Does the biomarker correlate with disease Reversal? 

– May be difficult to separate athero disease from thrombosis without 
imaging

Trials with Imaging Endpoints

– More desirable to link biomarker to events rather than imaging endpoints

Epidemiology Studies

ig. 3. A list of potential considerations for trials of drugs used to treat
ardiovascular disease. Note that each of the different trial types involves
specific patient group, study design, supporting biomarker data, and
linical indication. (Courtesy of Gregg Larson, PhD.)
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f data from epidemiologic studies, animal models, mech-
nistic studies, and many clinical trials showing a predict-
ble relationship of serum cholesterol to morbidity and
ortality owing to cardiovascular disease in primary pre-

ention, secondary prevention, and acute coronary syn-
rome trials [16]. Figure 3 presents some of the consider-
tions behind studies done to support current and future
herapies for cardiovascular (CV) disease. Despite the suc-
ess in developing both therapies and biomarkers for car-
iovascular risk, the search for new therapies in this area is
acing significant challenges. Serum cholesterol accounts
or only a portion of the entire risk for CV disease and thus,
ther biomarkers of risk are under investigation [17]. Ad-
itionally, new cholesterol-lowering regimens are being
valuated against the current standard of care so that any
dditional clinical benefit of further lipid lowering will
equire renewed examination of lipid/cardiovascular risk
elationships in extremely large patient populations [18].

.4. Disease modification in osteoporosis
Drugs have been approved for both the treatment and for

he prevention of osteoporosis, and some agents have both
ndications [19]. The primary clinical endpoint for these
gents is a reduction in the risk of vertebral fracture, but
everal secondary endpoints including nonvertebral frac-
ures and quality of life are examined in many trials. Bone

ass Total (BMT), Bone Mineral Density (BMD), and
iochemical markers of bone resorption are useful biomar-
ers of drug effects, but their relationship to clinical out-
omes is not uniformly linear [20] and not always predict-
ble. Long-term clinical benefits coupled with positive
ffects on BMD are characteristic of therapies for the pre-
ention of osteoporosis [21], whereas biomarker effects are
ess important for symptomatic drugs. Randomized, place-
o-controlled trials with clinical endpoints remain the gold
tandard in osteoporosis research, whereas biomarkers are
elpful in understanding mechanism in secondary indica-
ions and in bridging studies.

.5. Clinical and biomarker data needed to support
isease modification

Drugs designed to slow or modify the pathogenesis of a
hronic disease with a clinical course lasting for several years
re difficult to study. The clinical benefit of some drugs used to
reat the chronic diseases described above are only discernable
hen drug-treated patients are compared with placebo-treated
atients over periods of at least a year and often, as is the case
n CV disease and osteoporosis, over much longer periods of
ime. Additionally, if the clinical benefit is evident only in the
essened likelihood of some relatively rare events such as
ractures or cardiovascular events, the number of patients re-
uired to show a clinical benefit owing to drug may be very
arge, possibly in the thousands. Long clinical trials involving
rugs with no immediate symptomatic benefit also entail the
isk of high subject dropout rates and low treatment compli-

nce. There is a tendency in the face of such difficulties to give t
redence to biomarkers that show an effect of drug that is
ither more immediate or more reliably than is the effect on
linical measures. The difficulties that can arise from too great

reliance on biomarkers, however, have been well docu-
ented [22]. There are many examples of cases in which a

iomarker thought to be related to disease pathogenesis re-
ponded in an apparently positive way to a new treatment
hen clinical outcomes were either unaffected or actually

hanged in an unexpected direction. One recent example from
he AD field was observed in a trial involving active immuni-
ation against the amyloid � protein with AN-1792. The study
as designed to measure the effects of active immunization on

he progression of clinical symptoms and effects on brain
trophy as measured by volumetric MRI. Among patients who
howed a substantial immunologic response, there was some
vidence for slowing of cognitive decline but, contrary to
xpectations, a decrease in brain volume [23].

Although there is no adequate substitute for showing the
mpact of a new drug on relevant clinical parameters over
linically relevant time periods, the use of biomarkers can
ffect both regulatory decisions and clinical practice as
hown by the examples reviewed at the symposium. Bi-
markers that have some relationship to disease pathogen-
sis but are poorly correlated with clinical outcomes can
till be used to help clinicians understand the drug’s mech-
nism of action and to support the claim of an effect on
isease pathogenesis. The measurement of brain lesions by
RI in the evaluation of drugs for MS and the measurement

f BMD in the evaluation of treatments for osteoporosis are
xamples. Drugs for the treatment of RA are differentiated
n part by the extent to which their effects can be measured
y radiographic measures of structural damage. In the case
f drugs for CV disease, lipid measures serve several func-

Compounds Being Tested as 
Disease-Modifying Drugs for AD

Compound Sponsor Proposed

Mechanism

AB001 Elan Pharmaceuticals Monoclonal N-
Terminal Antibody 
to Ab

b

LY450139 Lilly Pharmaceuticals Functional -
Secretase Inhibitor

Alzemed Neurochem, Inc. Promote Clearance 
and Reduce 
Fibrilization of A

γ

γR-flurbuprophen Myriad
Pharmaceuticals

Functional -secretase
Modulator

ig. 4. A partial list of potential disease-modifying drugs currently in
linical development for Alzheimer’s disease. All of these drugs are
hought to diminish the pathogenic effects of amyloid � protein.
ions. They are a way of assessing risk, a way of showing
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he mechanism of drug action, and are surrogates for risk
eduction. Biomarkers for AD could eventually serve one or
ore of these functions in support of labeling or in clinical

ractice depending on the data presented to support such
se.

. Ongoing Studies of Disease-Modifying Agents in AD

Some of the drugs currently in clinical development for
lowing the progression of AD are presented in Fig. 4.
B001 is a monoclonal antibody directed toward the N-

erminal of A�. Preclinical data suggest that monoclonal
ntibodies to A� can sequester this protein in the periphery
here it is eliminated, thereby reducing levels of soluble A�

n brain [24]. AB001 is a follow-up compound to AN-1792,
hich was designed to stimulate the production of antibod-

es to A� 1-42. AN-1792 administration was associated
ith encephalitis in 18 of 298 patients with mild to mod-

rate AD given active immunization in a planned 24-month
omparison with placebo [25]. The newer study of AB001
s similar in design to the study of AN-1792. Patients are
ssigned randomly to AB001 or placebo and are to be
ollowed up with clinical measures of cognition and func-
ion for 18 months. At regular intervals patients also receive

RI scans of their brain to enable brain volumetric mea-
ures. Additionally, a positron emission tomographic (PET)
easure of brain metabolic activity and cerebrospinal fluid

CSF) measures of tau protein and phosphorylated tau are
btained.

Compound LY 450139 is a �-secretase inhibitor being
eveloped by Eli Lilly and Company. Gamma-secretase is
ne of the enzymes required for the production of A�
rotein from the amyloid precursor protein (APP) [1].
amma secretase inhibitors have been shown to decrease

he production of A� centrally [26] and decrease formation
f brain amyloid plaques in a mouse model genetically
ngineered to overproduce human A�. When given to hu-
ans, the �-secretase inhibitor produces a dose-dependent

eduction in plasma A� similar in magnitude to that ob-
erved in transgenic mice [27]. The compound will enter
linical trials versus placebo over 1 to 2 years with clinical
nd biomarker measures similar to those described for the
ompounds from Elan.

Alzemed is a CNS active nonimmunologic binding agent
eing developed by Neurochem Inc. This is a low-molecu-
ar-weight compound designed to reduce fibrilization and
romote clearance of A� [28]. The compound reduces A�
oxicity in cell models and, in a 12-week study of 58 AD
atients assigned to one of three doses of Alzemed or
lacebo, was associated with some reduction in CSF A�
28]. Two doses of Alzemed are now being compared with
lacebo in a double-blind study of more than 1,000 patients
ith AD treated for 18 months. Clinical outcome measures
re the cognitive portion of the ADAS-Cog [5], and the s
linical Dementia Rating (CDR) [29] along with MRI brain
olumetric measurements and CSF A� measures.

R-flurbiprofen is a functional �-secretase modulator that
s related to a class of nonsteroidal anti-inflammatory drugs.
-flurbiprofen has been shown to lower A� both in vitro
nd in animal models [30]. A Phase II study in patients with
ild to moderate AD treated for 12 months found an effect

o improve scores on the ADAS-Cog and a functional mea-
ure only in patients with mild AD with high blood levels of
rug. A Phase III study in mild AD patients will compare a
igh-dose versus placebo over 12 months with clinical out-
ome measured by the ADAS-Cog, a functional assessment
nd the CDR. Biomarkers will also be evaluated.

. Strategic Issues in Clinical Development of Disease-
odifying Agents for AD

.1. Study designs to investigate disease modification
There is no study design that can unambiguously deter-

ine that a drug has an effect to slow the progression of
D, but there are some design features that would be at least

onsistent with such an effect. More importantly, those
esigns could help clarify the clinical implications of a
isease-modifying effect in that they would show the con-
equences of delaying or interrupting treatment. In most
linical drug trials, patients are assigned randomly to re-
eive either active drug or placebo, and clinical outcomes in
oth groups are measured at regular intervals for a clinically
elevant period. The left-hand portion of Fig. 1 shows hy-
othetical results that might be obtained with a clinically
ffective drug for AD evaluated in this way. Using tradi-
ional clinical measures of cognition and disability, a dis-
ase-modifying effect would most likely manifest itself as a
hange in the slope of a line showing cognitive or functional
hange (usually decline) over an extended period of at least
and preferably 2 years.
Modifications to this standard design that might help

how a drug effect on the underlying pathogenesis of the
isease have been proposed and include the randomized
ithdrawal design and the randomized start design [31].
he latter is shown in the right hand part of Fig. 1, with
atients initially receiving placebo randomly, under blinded
onditions beginning to receive active drug. Assuming that
he drug being tested had an effect to slow disease patho-
enesis, patients started on active drug after an extended
eriod on placebo would not match the therapeutic response
n patients on continuous treatment. A design of this kind
as been used recently to study a new treatment for Parkin-
on’s disease [32]. Potential ambiguities in the interpreta-
ion of randomized start data result from psychometric prop-
rties of the outcome measure, differences in dropout rates
etween treatment groups, and uncertainty about the length
f time required for a newly introduced treatment to have its
aximal effect. Most clinical outcome measures do not
how linear change over the entire range of disease severity,
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o psychometric properties of scales like the ADAS-Cog
lone might make comparison of drug response at baseline
nd after several months on placebo difficult to compare
irectly [33]. It is likely that the dropout rate in drug and
lacebo groups during the initial double-blind period would
ot be the same, and the effect of differential dropout on the
agnitude of treatment response during the randomized

tart period would be difficult to evaluate. Lastly, the time
eeded to achieve full benefit of a symptomatic drug is often
nknown and, thus, even a randomized start period of 1 to
months might not be enough time to allow the formerly

lacebo-treated patients to catch up to those continuously on
rug. Despite these limitations, continued separation of clin-
cal outcomes for patients on continuous drug treatment
hen compared with patients given active treatment only

fter several months on placebo would provide strong sug-
estive evidence that the drug had an enduring effect on
isease pathogenesis.

Given these considerations, it is unlikely that a study
sing clinical outcome measures alone could unambigu-
usly differentiate drug effects on underlying pathogenesis
rom effects that are purely symptomatic. To determine
hether a drug has clinical benefit, such a differentiation is
ot necessary. That is, if administration of a drug to certain
atients with AD under well-specified conditions leads to
mprovements in cognition and function, then that drug is a
seful treatment regardless of how the drug works. State-
ents about clinical efficacy that are devoid of mechanism,

owever, are not likely to help build a cumulative body of
nowledge about how to treat a complex disease such as
D. As indicated by the examples reviewed above, biomar-
ers can, under some circumstances, be used to indicate that
drug’s clinical effects are a result of effects on underlying
athogenesis.

.2. Biochemical and brain imaging biomarkers in studies
f disease modification

A recent conference report presented a very good review
f the data relevant to the use of both biochemical and brain
maging measures as biomarkers for presymptomatic
D[34]. Essentially, that review concluded that, although

everal biochemical and brain imaging markers show some
otential as aids to early diagnosis, none has been fully
alidated, and all require much more evaluation. For current
urposes these biomarkers must be considered for their
otential to reveal scientifically and clinically relevant in-
ormation about the effects of proposed drug treatments for
D. As noted above in the review of biomarkers used in
ther therapeutic areas, very few biomarkers are understood
ell enough to serve as surrogate markers for clinical effi-

acy. More realistically, biomarkers might serve to provide
ither evidence of a drug effect on a specific physiologic
arget or of a drug effect on some measure correlated with
isease progression [35].
Potential biochemical biomarkers for AD trials include i
everal that can be measured in CSF and in blood. Those
hat appear to be most promising are A�, tau, and hyper-
hosphorylated tau. Recent studies suggest that persons in
he very earliest, presymptomatic phase of AD have lower
oncentrations of A� and higher concentrations of tau in
SF [36]; the low levels of A� are thought to result from

ncreased deposition of A� in brain, whereas the increased
evels of tau may reflect neuronal degeneration. Elevated
� in plasma is a relatively weak risk factor for AD [37],
ut plasma A� measures do not correlate well with disease
rogression. The degree to which plasma and CSF measures
f A�, tau, and hyperphosphorylated tau reflect concentra-
ions in brain, is largely unknown. As a result, these plasma
nd CSF measures cannot be used as measures of drug
ffects on disease pathogenesis. They might, however, be
sed to determine whether a drug has some effect on bio-
hemical measures thought to be relevant to pathogenesis.

Several types of brain imaging measures are correlated with
he degenerative processes of AD, but there is no measure that
irectly reflects pathogenesis. Volumetric brain measures de-
ived from MRI scans show group differences between pa-
ients with AD and controls, and there is a progressive loss of
rain volume with progression of AD [38]. Brain metabolic
ctivity as measured by fluorodeoxyglucose (FDG) PET scans
s also diminished in AD and in patients with mild cognitive
mpairment (MCI) [39], a state that is often a prodrome of AD
40]. The loss of metabolic activity measured by FDG-PET is
rogressive with disease, but neither brain volume loss nor
iminished metabolic activity is specific to AD, and neither has
een shown to correlate with treatment response. Recently,
adioligands for deposited amyloid and, possibly, other neuro-
athologic features of AD have been developed [41,42]. Im-
ges with these ligands differentiate AD patients and some
CI patients from normal controls, and longitudinal studies

re ongoing.
None of the imaging markers is satisfactory as a surro-

ate for use in clinical trials but might help in describing the
iological correlates of drug effects in disease-modifying
rials. In particular, volumetric MRI could be used to deter-
ine whether a drug changed the rate of brain volume loss

ssociated with AD, FDG-PET could be used to determine
hether a drug changed the rate at which brain metabolic

ctivity is lost with AD, and the newer amyloid imaging
echniques could be used to determine whether a drug
hanged the rate of amyloid accumulation associated with
D.

.3. Identifying a strategy
Choice of a strategy for developing a drug thought to

low the underlying pathogenesis of AD will require con-
ideration of the drug’s mechanism of action, availability of
otential biomarkers, and regulatory standards. All of these
actors are evolving. The regulatory standards used to ap-
rove the drugs already on the market for AD resulted from

ntense dialog involving FDA, academic researchers, the
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harmaceutical industry, and representatives of advocacy
roups [43]. They were an attempt to accommodate differ-
nt perspectives and achieve scientific rigor along with
linical relevance and recognized the practical limitations of
onducting clinical research. The standard set for approval
as one that would not allow marketing of drugs with little
r no clinical utility but was not so high as to discourage
ngoing efforts to develop incrementally better drug thera-
ies [3,44]. Regulatory standards are flexible enough to
llow consideration of a variety of scientifically valid data
nd clearly allow for the approval of a drug with useful
linical effects regardless of mechanism or supporting bi-
marker data. The principal barriers to development and
pproval of disease-modifying agents for AD are more
cientific and practical than regulatory.

The discussions at the meeting identified some features
hat would probably need to be included in any successful
lan for development and registration of a drug designed to
low the pathogenesis of AD. First is that the studies com-
aring drug and placebo would have to be of longer duration
han those used to investigate the drugs with symptomatic
ffects. Basically, this stems from the fact that drug effects
n progression are likely to be observable only relative to
arked and measurable deterioration in placebo-treated pa-

ients; additionally, from a clinical standpoint, it is clear that
laims about long-term benefits should be supported by
ong-term data. Secondly, there should be a strategy to use
iomarkers whenever they are available to provide support-
ve evidence concerning the drug’s effect on specific mech-
nisms of disease and, possibly pathogenesis of disease. As
xamples, some biomarkers might provide evidence of a
rug’s effects on amyloid processing or of the drug’s effects
n brain volume, metabolic activity or amyloid burden.
astly, design maneuvers such as the randomized start could
rovide additional data consistent with the view that the
rug’s effects on disease progression result from slowing of
nderlying disease pathogenesis. Because no single design,
easure, or biomarker provides definitive information

bout drug effects or efficacy, a combination of factors is
robably required for the most compelling strategy.

. Tactical Issues in the Design of Trials for Disease-
lowing Agents in AD

.1. Selection of patients
Given that one has selected a general strategy for inves-

igating a proposed disease-slowing drug, there are several
pecific operational considerations that can have a critical
mpact on the success or failure of a proposed clinical plan.
hief among these is selection of patients for the trial.
ecause the overall strategic goal for most of the clinical
evelopment programs that are ongoing is to evaluate ef-
ects to slow disease progression in patients with established
isease, most studies will include patients within the spec-

rum of mild to moderate AD, similar to those enrolled in b
rials of symptomatic agents. The expected mechanism of
rug action may have an impact on the stage of disease at
hich patients are selected and may also encourage the use
f specific characteristics (eg, disease severity, genotype,
easure on a biomarker related to disease) for stratification.
etention of patients to minimize dropouts is critical for

onger, disease-modifying trials, and techniques for enhanc-
ng retention will have to be considered.

If a drug were shown to slow pathogenesis in patients
ith mild to moderate AD, then it is quite likely that the
rug would also be considered as a treatment for earlier
tage patients in either secondary or, possibly, primary pre-
ention trials. Fig. 5 presents a graphic depiction of the
elationships among scientific, practical, and ethical issues
o be considered as one plans for studies in patients at
ifferent stages of AD and in persons with different degrees
f risk for AD. The tolerance for risk and study burden will
ary with stage of disease and, generally, will be less in
ersons without symptoms than in those whose disease has
lready been diagnosed. Among patients with AD, those
ith severe disease may be less willing to participate in

tudies of agents that might only preserve them in their
urrent, debilitated state without any actual improvement.

.2. Selection of outcome measures
The clinical characteristics that need to be evaluated in

tudies of disease-modifying agents are the same as those
hat are measured in studies of symptomatic treatments.
hese include measures of cognition, function, and behav-

oral or psychiatric symptoms; these are all characteristics
f the disease process and should be evaluated in any study
f a potential therapy. Additional measures of caregiver

Risk/Benefit
Approaches to Treatment of AD

Detection

Disease

Symptoms

Pathogenesis

tiology Primary
prevention

Secondary
prevention

Induction Latency

Symptomatic
treatment

Risk Tolerance:
IntermediateRisk Tolerance:

Low

Risk Tolerance:
High

ig. 5. A diagram of the clinical course of Alzheimer’s disease from
mergence of the earliest predisposing factors through clinical diagnosis
nd eventually to end-stage disease. Hypothetical treatment goals and
escriptions of risk tolerance for each phase of disease are given. (Courtesy
f Mary Sano, PhD.)
urden, health economic impact, and side effects will need
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o be included in an overall evaluation of a drug’s thera-
eutic impact. Whereas the domains to be assessed are quite
imilar for symptomatic and disease-modifying agents,
haracteristics of the clinical trials dictate that selection of
utcome measures may be more difficult for disease-mod-
fying trials. In particular, the length of follow-up in dis-
ase-modifying trials will be considerably longer, and psy-
hometric properties of the outcome measures will have to
e examined more closely. For example, many of the most
ommonly used outcome measures such as the ADAS-Cog
33] and Mini-Mental Status Exam (MMSE) [45] show
ongitudinal change that is nonlinear over time when pa-
ients are followed up for more than 1 year.

.3. Selection of study design and analytic plan
The analytic plan as well as the study design must be

onsistent with the proposed therapeutic claim for a disease-
lowing drug. The hypothesis that a drug slows the rate of
rogression in symptoms and, possibly in biomarkers re-
ated to pathogenesis, seems most consistent with a statis-
ical comparison of rates of change over time, rather than a
omparison of baseline to endpoint. Techniques for estimat-
ng rates of clinical change over time in AD have been
nder investigation for some time [46]. Although there is no
niform agreement on how best to calculate such rates,
everal justifiable plans for estimating change rates have
een proposed. The plan for any given trial might depend on
he specific outcome measure, the frequency of observation,
nd the length of the observation period. Because a disease
odification trial would involve multiple outcomes, an an-

lytic strategy for dealing with multiplicity would have to
e specified in the study protocol. The randomized start
esign presented previously as a way to support a claim of
isease slowing is, from a statistical perspective, a variant of
crossover design. Methods for analyzing such studies have
een discussed recently in the statistical literature [47].

Although selection of an appropriate analytic plan will
nable hypothesis testing to match the proposed disease
odification hypothesis, no analytic technique will correct

roblems that are inherent in the design or conduct of a
tudy. Problems that could occur easily in a disease modi-
cation trial include extensive missing data, poor adherence

o treatment, and inadequate statistical power. Investigators
lanning studies of disease-modifying agents in AD should
arefully consider the likelihood of treatment nonadherence
nd make provisions to investigate whether such events are
reatment related. Post-hoc exclusion of patients based on
ack of adherence can be misleading. Longitudinal data are
vailable in the literature on rates of change for many of the
utcome measures likely to be used in AD progression
rials, and these data can be used to estimate required sam-
le sizes. Missing data can never be recreated adequately, so
easures must be taken to insure that a very high proportion
f planned measures are obtained accurately.
. Conclusion

There are substantial conceptual and practical difficulties
nvolved in trying to determine whether a drug treatment
lows the clinical course and pathogenesis of AD. Never-
heless, there are study designs, clinical outcome measures,
nd biomarkers that can be used to provide a strong test of
he hypothesis that a new drug modifies the course of AD.

hen used in combination, these designs, outcome mea-
ures, and biomarkers can provide meaningful information
ufficient to guide clinical practice and to differentiate
mong drugs with different mechanisms and clinical uses.
n designing clinical programs to investigate disease-mod-
fying drugs for AD, the following guidelines should be
ollowed: (1) Clinical benefit must be shown over a period
hat is relevant to the proposed claim and to the natural
istory of the disease; (2) treatment effects are often specific
o a stage of disease; (3) design maneuvers such as random-
zed start and randomized withdrawal can help explicate the
ature of the drug’s effects; (4) biomarkers can be of value
n describing and selecting trial participants, in understand-
ng a drug’s biologic effects, and in monitoring biologic
ffects; but (5) the specific utility of any biomarker must be
upported by data, and rarely will a biomarker serve as a
urrogate for clinical efficacy.

The scientific sessions at the Workshop were followed
y a forum involving patients, caregivers, representatives of
he Alzheimer’s Association as well as clinical researchers,
nd representatives of the FDA. This session will be the
ubject of a report to be published separately. An overriding
heme of those discussions was a desire on the part of
atients, advocates, and caregivers to have a greater role in
esigning, interpreting, and advocating for more clinical
rials of new treatments for AD.
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