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Purpose 
 

In April, 2011, for the first time in 27 years, diagnostic criteria for Alzheimer’s disease (AD) were 
revised by clinical and policy experts under the leadership of the National Institutes of Health and 
the Alzheimer’s Association.  These new guidelines were the first to include consideration of the 
findings of multiple forms of biomarker tests and highlighted the major changes that had occurred 
in how experts think about AD and design studies of potential treatments.  This evolution in 
diagnostic criteria has come at a time when research on different diagnostic techniques is 
expanding rapidly, many new treatments intended to delay the progression of AD are undergoing 
evaluation, and public interest in obtaining access to promising tests and treatments is growing.   
 
Outside of their uses in drug development and clinical research trials, the current clinical value of 
performing any type of formal diagnostic or biomarker testing for AD is controversial.  The possible 
benefits of testing have been posited to include: helping identify patients, possibly even individuals 
with no symptoms, for initiation of treatment; helping clinicians decide whether additional 
diagnostic evaluation is necessary to look for disorders other than AD that impair cognitive 
function; reassuring patients who receive a negative test; and allowing patients with a positive test 
to plan their future more effectively.  But at a time when available treatments for AD are unable to 
improve long-term outcomes, there is no consensus regarding the clinical benefits of diagnostic 
testing, and most imaging and biomarker tests for AD are not covered by public or private insurers.  
As the search for more effective treatments for AD continues, many questions remain about how to 
design clinical trials so that it is possible to evaluate different tests for AD in a way that will generate 
“adequate” evidence not only for patients and clinicians, but for insurers as well.  The goal of this 
project is to seize the opportunity to address this policy need in a collaborative and pro-active 
manner.  It is collaborative because this white paper is the product of a process involving input from 
patient advocates, clinicians, clinical researchers, manufacturers, and insurers.  It is pro-active 
because the specific aim of the project is to define the standards by which evidence will be 
evaluated for coverage, both at the current time and after the potential advent of more effective 
treatments.  This aim will be accomplished by providing specific research recommendations to help 
clinical researchers and manufacturers generate the level of evidence required to meet these 
standards.   
 
The sections that follow include background on AD and the evolving paradigm of its diagnosis.  
Among the diagnostic tests under consideration most are considered “biomarkers,” which can 
conceptually be used in several different ways to guide drug development, diagnose patients, and 
evaluate the outcomes of treatment.  The focus of this white paper is on the evidence needed to 
validate tests as tools in the diagnosis of AD, but the broader potential use of different tests will be 
discussed.  The white paper presents a summary of key diagnostic tests in development along with 
a framework for how technology assessment groups and insurers will evaluate the evidence on 
these tests as part of the coverage determination process.  To establish a context for this 
framework, a summary of current clinical guidelines as well as major public and private payer 
coverage policies is provided, as is an overview of ongoing and planned clinical studies.  Finally, 
major themes from each of these sections are incorporated into a set of recommendations to guide 
future research in diagnostic testing for AD.  The ultimate goal is to frame a research agenda that 
can address not only the perceived needs of researchers, regulators, clinicians, and patients, but 
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can also incorporate the perspective of insurers responsible for evaluating the evidence to develop 
coverage and reimbursement policies for diagnostic testing for AD. 
 
This white paper was written by the staff of ICER at the Massachusetts General Hospital’s Institute 
for Technology Assessment (www.icer-review.org).  ICER reached out to leading US-based clinical 
researchers and representatives of patient advocacy groups, life science manufacturers, and public 
and private insurers to form an Alzheimer’s Disease Diagnostics Policy Development Group, whose 
goal was to discuss the state of the research and develop recommendations to guide future AD 
diagnostics research.  The recommendations of this white paper are framed to serve as a guide for 
Alzheimer’s research globally, but the input of the Policy Development Group was focused on the 
insurer-research environment in the United States.  Although strongly informed by this input, the 
content of this white paper represents an attempt by ICER to bridge many different perspectives 
and therefore should not be interpreted as reflecting the opinions of individual Policy Development 
Group members or the organizations with which they are affiliated. 
 

  

file://newvon/research/ICER-projects/Alzheimer's%20disease%20diagnostics/www.icer-review.org


©Institute for Clinical & Economic Review, 2012 Page 7 

 

Executive Summary of Recommendations 
 
Insurers and technology assessment groups look for evidence that can persuade them that 
diagnostic tests for AD improve patient outcomes.  All the other potential uses for diagnostic tests, 
and in particular biomarkers, in drug development and clinical trial design are viewed as important 
by payers, but coverage determinations will be driven largely by whether insurers believe that there 
is adequate evidence to demonstrate that the use of a test will improve patient outcomes.   
 
Based on this perspective, the following targeted recommendations are intended to guide the 
development of further research that will help create a body of evidence adequate to meet all 
relevant evidentiary standards.  These recommendations include those intended to frame the 
broader research agenda to establish on more solid ground our understanding of the relationship 
between diagnostic tests and the course of AD, as well as recommendations focused on clinical trial 
design of studies designed to measure the effectiveness of test-and-treat strategies for AD. 
 
 
Broad Research Agenda Recommendations 
 

1. In the current era of AD treatments of limited effectiveness, randomized controlled trials 
should be performed to evaluate diagnostic tests with potential overall net health 
benefits.   
 

2. Develop a framework for assessing the social and economic impact of diagnosis of pre-
clinical AD.   
 

3. Looking to a future when there are more effective treatments for AD, continue to conduct 
biomarker studies in selected populations as well as in large population-based cohorts to 
evaluate the natural history of AD as well as the prognostic value of multiple 
combinations of neuropsychological testing and biomarkers.   
 

4. Develop consensus standards for biomarker test deployment and interpretation.  
 

5. As certain biomarkers gain validation for use as predictive of progression of disease, it will 
be important to study their predictive accuracy across the full spectrum of AD.   
 

6. In studies that have used positive biomarker tests as inclusion criteria (enrichment design 
studies), include in baseline tests other potential biomarkers that can also be evaluated 
(nested marker-by-treatment-interaction studies).  Ideally, always include additional test 
options that would be simpler, more accessible, and less expensive than the “gold 
standard” set of biomarkers used to qualify for inclusion.   
 

7. Given that diagnostic testing for AD may involve expensive tests such as imaging, 
radionuclide tests, and CSF biomarkers, and that future therapies for AD may themselves 
be quite expensive, certainly on the cumulative, population-based level, evidence on 
comparative value should be included as a goal of the research agenda for AD diagnostics. 
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8. Given that many important clinical and economic outcomes occur years after diagnostic 
testing, a broad research agenda will benefit from the use of simulation modeling 
(decision analysis).   
 

 

Trial Design 

1. Design clinical trial protocols to enhance the generalizability of results to typical clinical 

practice.   

 

2. Use a common set of consensus-based diagnostic test measurement thresholds and 

patient outcome measures.   

 

3. Complement unusual enriched populations in early studies with studies that enroll 

representative patient populations in order to enhance the generalizability of results to 

real-world clinical practice.  

 

4. Broaden the potential treatment population in trials.   

 

5. For effective therapeutic agents developed through enrichment designs, consider further 

analyses to evaluate whether the original enrichment criteria were so narrow that less 

stringent enrichment criteria might identify many other patients who would benefit from 

treatment.   

 

6. Retrospective assessment of a prognostic biomarker can only be done using data from 

well-conducted randomized controlled trials and with prospectively stated hypotheses, 

analysis techniques, and patient populations, with a pre-defined and standardized assay 

and scoring system for “positive” results.  In other words: data mining should not be done 

to search retrospectively for combinations of clinical characteristics and biomarker results 

that are correlated with positive treatment outcomes.  

 

7. Consider clinically-equivalent but lower-cost diagnostic strategies in translating trial 

results to clinical practice.   
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Introduction 
 

Alzheimer’s disease (AD) is the most common underlying contributor to dementia, affecting over 35 
million persons worldwide, a figure that is expected to nearly double by 2030 given the aging of the 
world’s population (Alzheimer’s Disease International, 2012).  It has been estimated that AD and 
other dementias contribute a greater percentage of years lived with disability among those over 
age 60 than any other single category of disease (Mathers, 2003), account for approximately half of 
individuals aged 75 or older who are functionally dependent (Agüero-Torres, 1998), and are 
associated with a two- to five-fold increased risk of death (Helzner, 2008; Mehta, 2008).  The total 
cost attributed to AD was estimated to be greater than $600 billion worldwide in 2010, including 
the costs of medical care, residential and community care, and uncompensated support provided 
by family and other caregivers (Alzheimer’s Disease International, 2012). 
 
AD is characterized by the accumulation of plaques comprised of the amyloid-β protein, and of 
neurofibrillary tangles of hyperphosphorylated forms of the protein tau, both of which are thought 
to contribute to neuron degradation and death and the subsequent cognitive, memory, and 
behavioral symptoms of AD (McKhann, 1984).  Unfortunately, the only definitive method for 
diagnosing AD has been a combination of clinical diagnosis and findings of the pathognomonic 
plaques and tangles on examination of the brain at autopsy (McKhann, 1984).  Various batteries of 
clinical assessment questions have been in use for nearly three decades and, while able to detect 
mild cognitive disorders, their  accuracy in distinguishing between AD and other dementias or even 
non-dementia syndromes is variable (Jobst, 1998; Mayeux, 1998).  The clinical value of brain 
imaging studies suggesting AD pathology is also still uncertain, as there are consistent reports of 
“positive” amyloid findings in the brain in approximately one-third of the cognitively normal older 
adult population (Jack, 2009).  This has created a conundrum for the AD research community.  As 
leading experts have asked, “How do older individuals spend years with a ‘head full of amyloid’ and 
remain apparently healthy?” (Sperling, 2011b)  
 
AD therefore has neither a gold standard diagnostic test (prior to autopsy), nor a single test with 
which clinical researchers can confidently track the potential impact of treatment intended to 
prevent or slow the progression of disease.  Meanwhile, the general view of the time course and 
potential therapeutic window for AD has changed, and clinical trials have begun to shift focus 
toward treatment of earlier, milder cases of AD.  As a consequence, interest in identifying 
diagnostic biomarkers for AD has been growing, and new methods are rapidly emerging, including 
new imaging-based tests, markers detectable in blood, plasma, and cerebrospinal fluid (CSF), and 
even retinal scans.  And, as always, these new diagnostic approaches are being developed in the 
context of intense patient, clinician, and public interest.  Responding to the current and future 
impact of AD, the U.S. Department of Health and Human Services (HHS), at the behest of the White 
House, recently developed a “National Plan to Address Alzheimer’s Disease” that describes five far-
reaching and ambitious goals:  (1) prevent and effectively treat AD by 2025; (2) enhance care quality 
and efficiency; (3) expand supports for persons with AD and their families; (4) enhance public 
awareness and engagement; and (5) enhance the data and monitoring capability to track progress 
against the clinical goals (U.S. Department of Health and Human Services, 2012).  This white paper 
seeks to contribute to the ability of the AD research community to achieve these goals by 
developing a clearer picture of how to design studies that will produce high-quality evidence on 
various diagnostic approaches for AD.  
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The Evolving Paradigm of Alzheimer’s Disease 
and the Role of Biomarkers  
 

The mainstay of AD diagnosis in the clinical and research community until recently was a set of 
criteria based on a history of insidious onset and gradual progression of memory and other 
cognitive impairments, with confirmation through neuropsychological testing.  These “clinical 
criteria” were first promulgated in 1984 under the auspices of a workgroup convened by the 
National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the 
Alzheimer’s Disease and Related Disorders Association (ADRDA) (McKhann, 1984).  Behind this 
effort lay the premise that clinical symptoms and pathology would always be tightly linked in AD 
(Jack(a), 2011), and therefore the criteria focused on the presence of symptoms indicative of 
deficits in memory and/or other cognitive functions, as well as absence of pathological evidence of 
other disorders that could account for the symptoms. 
 
While these clinical criteria have proven useful in identifying patients with dementia and those with 
milder forms of cognitive impairment that are likely to progress to dementia, they are not as helpful 
in distinguishing between patients whose cognitive symptoms are due to AD pathology and those 
whose symptoms arise from other causes.   Even when imaging or CSF tests confirm likely AD 
pathology, research conducted since the introduction of the clinical criteria has established that the 
correspondence between symptoms and AD pathology is not always consistent, and the 
progression of cognitive symptoms and AD pathology does not track concurrently on an identical 
pathway.  For example, as noted earlier, extensive AD pathology can be present in the absence of 
any obvious cognitive symptoms (Davis, 1999; Knopman, 2003; Price, 1999).  Studies have also 
shown that changes in cerebral pathology may occur 10 or more years before the emergence of 
cognitive decline or dementia (Sperling(b), 2011; Jack, 2009).  In a recent cohort study of patients 
with the autosomal dominant form of AD, changes in amyloid-β and other biomarkers began to 
occur 15-25 years before the expected onset of dementia (Bateman(b), 2012). 
 
These observations have been interpreted by many in the AD clinical and research communities to 
imply an ordered, but staggered sequence to the development of AD pathology and its clinical 
consequences.  According to this new view, rather than developing simultaneously, amyloid and 
neurofibrillary pathology occur over different time scales.  Amyloid pathology is thought to develop 
first during a 10-15 year long preclinical phase, whereas the development of neurofibrillary 
pathology (tangled tau proteins) begins later in this phase and accelerates before the emergence of 
the symptomatic phase of AD (Jack(a), 2011). 
 
This hypothesis of a sequential relationship between AD pathology and cognitive symptoms lies at 
the foundation of the new criteria for the diagnosis of AD developed in 2011 by a multi-stakeholder 
workgroup convened by the National Institute on Aging (NIA) and the Alzheimer’s Association (AA) 
(Jack(a), 2011; Sperling(a), 2011; Albert, 2011; McKhann, 2011).  The key difference between the 
new criteria and the earlier clinical criteria from 1984 is the incorporation of biomarkers and their 
role in defining three different stages of AD: 1) preclinical; 2) mild cognitive impairment (MCI); and 
3) AD dementia.  The goal of including preclinical AD in the new diagnostic guidelines was to 
facilitate the possibility of future presymptomatic/preclinical treatment of AD, but the workgroup 
members argued that the criteria were only appropriate for research purposes at this time since the 
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extent to which biomarkers of AD pathology predict a cognitively normal individual’s subsequent 
clinical course remains to be clarified.  The framework for preclinical AD includes three stages, all of 
which depend upon biomarkers: 1) asymptomatic amyloidosis; 2) amyloidosis plus 
neurodegeneration (e.g., high CSF tau); and 3) amyloidosis plus neurodegeneration plus subtle 
cognitive decline. 
 
As subtle cognitive decline worsens, the next diagnostic category after the preclinical period is mild 
cognitive impairment (MCI).  For MCI the workgroup presented two sets of diagnostic criteria: one 
set of “core clinical criteria” that could be used by clinicians without access to advanced imaging 
techniques or CSF analysis; and another set of criteria for use in clinical research settings that 
incorporate imaging and CSF biomarkers.  Although the workgroup emphasized that further work is 
needed to validate the criteria that depend upon biomarkers, the pattern of biomarker results is 
presented as a tool to judge the level of certainty in a diagnosis of MCI due to AD as opposed to 
other possible causes.  Thus, given a patient who meets the core clinical criteria for MCI, positive 
amyloid and neuronal injury test results produce “high likelihood” that the MCI is due to AD, 
whereas positive tests on only one or the other test lead to “intermediate likelihood,” and negative 
amyloid and neuronal tests lead to the “lowest” likelihood of MCI due to AD. 
 
The distinction between MCI and AD dementia in the new diagnostic criteria depends on findings 
from a set of core clinical criteria, and not on the levels or progression of biomarker findings.  As 
with MCI, however, biomarker results are incorporated as a tool for judging the certainty that 
dementia is due to AD pathology and not some other cause.  These categories of relative certainty 
are called “probable AD dementia,” “possible AD dementia,” and “dementia unlikely to be due to 
AD.”  The workgroup did not propose the use of AD biomarker tests for routine diagnostic purposes 
among patients with dementia at the present time for four reasons: 1) the core clinical criteria 
provide reasonable diagnostic accuracy and utility in most patients; 2) more research needs to be 
done to ensure that criteria that include the use of biomarkers have been appropriately designed; 
3) there is limited standardization of biomarkers from one locale to another; and 4) access to 
biomarkers is limited to varying degrees in community settings.  Despite these concerns, however, 
the workgroup deemed biomarker tests useful “as optional clinical tools for use where available 
and when deemed appropriate by the clinician” (McKhann, 2011).  The 5th edition of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-V) is also in the process of changing diagnostic 
criteria for MCI and dementia to reflect the use of biomarker testing. 
 
The new diagnostic criteria for pre-clinical AD, MCI, and AD dementia represent an important sea 
change in the view of the clinical research community on the utility of amyloid and 
neurodegenerative biomarkers for identifying patients with different phases of AD.  The utility of 
biomarkers is framed cautiously as applicable largely in research efforts, but the explicit algorithms 
linking biomarker test results to the probability that cognitive symptoms are due to AD expresses a 
clear conviction in the new paradigm of AD as a disease that begins with a decades-long course of 
pre-symptomatic pathophysiological changes in amyloid accumulation and resulting 
neurodegeneration that predates cognitive changes.  This broad acceptance of the potential role of 
biomarkers, particularly in their ability to identify individuals with minimal or no symptoms who are 
at high risk of progressing to full AD dementia, has led to biomarker incorporation in many trials as 
means to “enrich” the population of eligible patients with those most likely to have AD pathology 
and to progress rapidly without successful treatment.  And as the community of clinical experts who 
lead these trials have gained increasing evidence of the ability of biomarker tests to discriminate 
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between patients with and without AD, and even to help identify asymptomatic patients at high risk 
for AD, the diffusion of biomarker testing from the research into the clinical domain seems ever 
more likely.  The new paradigm in the course of AD has therefore shifted research efforts toward 
earlier intervention, and highlighted the importance of distinguishing the evidence that will be 
needed to move biomarkers from research tools into broader use as diagnostic and prognostic tests 
in the clinical arena.   
 
 

The Different Roles of Biomarkers in AD Research and Practice 
A biomarker is “a characteristic that is objectively measured and evaluated as an indicator of 
normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic 
intervention” (Colburn, 2000).  In clinical practice biomarkers can be potentially used in a variety of 
ways: 1) to predict the course of illness if not treated (prognostic test); 2) to identify patients with 
an underlying pathology that is the target of a specific therapeutic agent (predictive, or 
“theragnostic” test, alternatively spelled “theranostic”); 3) to evaluate the results of treatment 
(surrogate outcome test); and 4) to diagnose patients with a disease (diagnostic test) (Hampel, 
2010; Blennow, 2010).  In the practice of oncology, biomarkers have been established for various 
tumor types, with many biomarkers now serving as predictive tests that can prospectively identify 
individuals who are likely to have a favorable clinical outcome, such as improved survival, slower 
progression of illness, or decreased toxicity, from a specific treatment (Mandrekar, 2009).  
Validated predictive oncologic biomarkers now widely used in clinical practice include KRAS as a 
predictor of efficacy of panitumumab and cetuximab in advanced colorectal cancer; HER-2 as a 
predictor of the efficacy of trastuzumab in breast cancer; and epidermal growth factor receptor 
(EGFR) as a predictive marker of response to tyrosine kinase inhibitor treatment for non-small cell 
lung cancer (Mandrekar, 2009). 
 
The current role of biomarkers in AD is quite different.  There are no biomarkers that have been 
validated as a prognostic test, a surrogate outcome test, or a diagnostic test for use in routine 
clinical practice.  Nevertheless, given the current paradigm for the pathogenesis and evolution of 
AD there are several important roles that biomarkers currently play in drug development.  First, 
biomarkers such as amyloid and tau tests can be used in animal studies and in early Phase I and II 
human trials to establish whether a drug hits its intended target and alters the intended 
biochemical mechanism.  Small, short-term trials that provide biochemical evidence of an effect of 
the drug on the central pathogenic processes are of great value to make go/no-go decisions before 
embarking on larger Phase III clinical trials.  Second, when designing Phase III trials biomarkers can 
be used as tools to “enrich” the sample of patients enrolled to include only those – from among all 
those meeting clinical criteria – who also have the underlying pathology that is the intended target 
of the drug.   
 
Potentially, biomarkers could also be used as surrogate outcomes in clinical trials of AD 
therapeutics, but before a biomarker will be accepted by regulators as a surrogate outcome in 
Phase III studies, a link between the treatment-induced change in the biomarker and the desired 
clinical outcome has to be firmly established (Hampel, 2010).  A biomarker can serve as a surrogate 
outcome only when it can be considered as a substitution for a clinically relevant end point that is a 
direct measure of how a patient feels, functions or survives.  This requires evidence from 
randomized clinical trials that improvements in the surrogate end point lead consistently to 
improvement in the relevant patient outcome (Katz, 2004; Temple, 1999).  While some trials of 
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therapeutic agents for AD have shown a dose-dependent reduction in the amount of CSF amyloid 
biomarkers, there has as yet been no firm evidence linking change in a biomarker to the course of 
clinically significant end points (Blennow, 2010). 
 
So what of the potential role of biomarkers in the diagnosis of AD?  Much of the rest of this white 
paper will be concerned with the evidence framework for validating biomarkers as diagnostic tests, 
along with corresponding research design features that will be needed to generate the necessary 
data.   The question of how to evaluate the possible clinical value of biomarker tests that can rule-
out the possibility of AD pathology will also be addressed, even when a “positive” result on the 
same test cannot confirm a positive diagnosis.  Throughout, the discussion on biomarker tests will 
be framed by the recent shift in the focus of clinical research toward therapeutic trials involving 
patients with minimal symptoms of dementia or even asymptomatic individuals.  The result of this 
shift, driven by the change in the paradigm of the course of AD pathology and illness, has been the 
increasing use of biomarkers to identify and enroll individuals who have evidence of the underlying 
pathological mechanism that is the specific target of an experimental drug.  Whereas in oncology 
the general pattern has been for biomarker validation to occur in trials involving patients with an 
established pathology-based diagnosis, the evolution of biomarker evidence in AD will proceed 
largely from therapeutic research studies among individuals who do not yet meet the existing 
diagnostic criteria for AD.  Therefore, if in some future clinical trial researchers find that a particular 
targeted treatment benefits a biomarker-defined subset of individuals, it will be said that the 
biomarker profile for treatment-responsive patients represents a diagnostic test for a new 
condition: “treatment-responsive” (early) AD.  This linkage between biomarker, therapeutic agent, 
and improved outcome is the hallmark of what has been called the “theragnostic” model of drug 
development (Blennow, 2010).  As is discussed in later sections of this paper, if this occurs in AD, 
the biomarker will be viewed as a validated diagnostic test.  However, there will be many questions 
about its ability to identify patients outside the initial trial population who may benefit from 
treatment; there will also be questions about whether other diagnostic approaches might be more 
accurate, equally accurate but less invasive or less expensive, or even less accurate but more widely 
accessible.  These are some of the questions that researchers, clinicians, patients, and insurers will 
be asking, even after we cross the threshold into a new landscape of “treatment-responsive” AD. 
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Methods of Diagnostic Testing for Alzheimer’s 
Disease 
 

As noted earlier, the mainstay of the diagnosis of AD for research and clinical purposes until very 
recently has been a set of clinical criteria in place since 1984.  Clinical criteria are relatively reliable 
in diagnosing AD dementia and MCI but are not as helpful in distinguishing between patients whose 
cognitive symptoms are due to AD pathology and those whose symptoms arise from other causes.  
Thus it has been estimated that approximately 15-20% of patients currently enrolled via clinical 
criteria in clinical trials for AD do not have true AD pathology (Rinne, 2010).  In the clinical setting, 
up to 25% of patients who meet clinical criteria for AD dementia are believed not to have the 
underlying pathology (Klatka, 1996; Pearl, 1997; Rasmusson, 1996; Schneider, 2010).  The recent 
changes in the understanding of the natural history of AD and the progression of cognitive decline 
have resulted in an unprecedented level of interest in the development of biomarkers that can help 
researchers and clinicians identify preclinical AD and MCI due to AD.   
 
In addition to clinical assessment in which the history, time course, degree of functional cognitive 
decline, and types of signs and symptoms of a disease process are ascertained both from 
informants and patients, other tests are often utilized to augment the clinical assessment such as 
neuropsychological tests and additional biomarkers.  In the current standardized evaluation of 
patients who may be developing dementia, the additional tests that are recommended currently 
include a brain imaging study (MRI or CT scan of the brain to rule out structural causes of dementia) 
and plasma levels of B12 as well as thyroid function tests.  Additional blood and other tests may be 
warranted depending on the clinical presentation.  Neuropsychological tests and biomarkers 
currently used for the diagnosis of different phases of AD as well as for monitoring patient 
outcomes are described in the sections below.  It is important to note that each test may serve 
multiple purposes, however (i.e., diagnostic, prognostic, and/or theragnostic). 
 
 

Neuropsychological tests 
There is a wide assortment of neuropsychological tests used in the clinic and across research studies 
of MCI and dementia.  Recent consensus workgroups on the diagnosis of MCI (Albert et al. 2011) 
and vascular contributions to cognitive impairment (Gorelick et al. 2011) both stress the necessity 
for a comprehensive cognitive battery and its importance in determining whether there is objective 
evidence of cognitive decline and, if present, the severity of that decline.  Broadly speaking, Gorelick 
et al. (2011) note that the diagnosis of dementia or MCI “must be based on cognitive testing, and a 
minimum of 4 cognitive domains should be assessed: executive [functions]/attention, memory, 
language, and visuospatial functions.”  Albert et al. (2011) also emphasize that neuropsychological 
assessment is optimal for objectively assessing the degree of cognitive impairment for an individual.  
Both workgroups explain that scores on tests for individuals with MCI are typically 1 to 1.5 standard 
deviations below the mean for their age and education matched peers on culturally appropriate 
normative data and are preferred over qualitative descriptions of cognitive symptoms.   
 
There are a variety of neuropsychological tests that are useful for identifying those patients with 
MCI who have a high likelihood of progressing to dementia.  Among the most valuable are those 
tests assessing episodic memory (e.g., learning and memory for word-lists, stories, geometric 
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figures).  A number of longitudinal studies have shown that episodic memory performance in 
cognitively normal individuals can predict subsequent dementia many years prior to diagnosis (for 
review and meta-analysis, see Bäckman, 2005 and Twamley, 2006).  Word-list tests of episodic 
memory have been among the most sensitive neuropsychological markers of the preclinical period 
of Alzheimer’s disease, often outperforming a variety of CSF and imaging biomarkers (see 
Devanand, 2008; Gomar, 2011; Heister, 2011; Jedynak, 2012; Landau, 2010).  Because other 
domains of cognition can be impaired among individuals with MCI and preclinical AD (Brandt, 2009; 
Clark, 2012; Mickes, 2007), it is also important to examine tests of executive functions (e.g. 
reasoning, problem-solving, and planning), language (e.g. naming, fluency), visuospatial skills, and 
attentional control (e.g. simple and divided attention).   
 
Examples of available and commonly utilized neuropsychological tests are listed below. 
  
Episodic Memory 
• Rey Auditory Verbal Learning Test 
• California Verbal Learning Test 
• Logical Memory (story paragraphs) 
• Rey-Osterrieth Complex Figure 
 
Executive Functions/Attention 
• Trail Making Test 
• Wisconsin Card Sorting Test 
• Digit Span 
 
Language 
• Boston Naming Test 
• Verbal Fluency 
 
Visuospatial Skills 
• Block Design 
• Clock Drawing 
• Complex Figure Copy 
 
The most common scales used in clinical trials are the Alzheimer’s Disease Assessment Scale – 
Cognitive Behavior (ADAS-Cog), the Mini-Mental State Examination (MMSE), and the Clinical 
Dementia Rating (CDR) scale, although these tests lack sensitivity to the mildest forms of cognitive 
impairment (Salmon, 2002; Chang, 2011; Jedynak, 2012).   
 
Examples of available and commonly utilized cognitive and functional ability tests are listed below. 
 
• Mini-Mental State Examination (MMSE): used to briefly assess domains such as memory, 

attention and orientation through the administration of 11 different tasks (Feldman, 2008). 
 
• Alzheimer’s Disease Assessment Scale – Cognitive Behavior (ADAS-Cog): used to evaluate 

cognitive behavior in areas such as language, orientation and memory-related realms such as 
word-recall and word-recognition (Peña-Casanova, 1997). 
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• Clinical Dementia Rating (CDR): used to evaluate 6 domains of cognitive and functional abilities, 
including personal care, judgment and problem solving through a semi-structured interview 
process (Morris, 2011). 

 
Finally, while not a cognitive screening test, the Neuropsychiatric Inventory (NPI) is also commonly 
used to assess behavioral changes, and related caregiver distress, in 12 distinct areas such as 
anxiety, apathy/indifference and night-time behavior disturbances through an interview process 
(Cummings, 1997). 
 
 

Imaging 
Multiple imaging modalities have been developed for use in AD, either to document changes in 
brain volume and structure, metabolism, or blood perfusion indicative of AD, or to measure 
amyloid-related biomarkers associated with cognitive decline.  Four imaging modalities have been 
used as secondary end points in clinical trials on AD: structural magnetic resonance imaging (sMRI), 
functional MRI (fMRI), magnetic resonance spectroscopy (MRS), and positron emission tomography 
(PET).  These techniques provide information on the regional distribution of changes on a 
macroscopic (fMRI, PET, MRS) or a mesoscopic (i.e., intermediate measurement between 
microscopic and macroscopic, as with MRI) scale.  These and other key imaging tests are described 
below. 
   

 PET amyloid-β imaging:  involves use of radioactive compounds such as florbetapir 

(Amyvid™), along with PET imaging, to identify areas of accumulation of amyloid-β plaques.    
Amyvid is the first compound in its class to receive FDA approval (in April 2012) for use in 
AD diagnosis, and is labeled as an adjunct diagnostic tool.  The manufacturer’s label 
indicates that a negative scan result indicates a reduced likelihood that any cognitive 
impairment is due to AD, but that a positive scan does not establish a diagnosis of AD or any 
other neurodegenerative disease, as excess amyloid-β is also found in adults with normal 
cognition.  Amyvid is also not intended for use in predicting the development of dementia 

or in monitoring the effectiveness of any current or investigational therapy (Amyvid™ 
package insert, 2012). 

 Fluorodeoxyglucose positron emission tomography (FDG-PET):  used to evaluate cerebral 
glucose metabolism using a radioactive tracer, flurodeoxyglucose (FDG).  Hypoactive 
glucose metabolism has been associated with both MCI and AD (Small, 2008). 

 Structural magnetic resonance imaging (sMRI):  used to evaluate atrophy of different brain 
structures such as the medial temporal lobe and the parietal cortex, as well as loss of 
hippocampal volume, which has been associated with progression from MCI to AD (Jack(b), 
2011).   

 Magnetic resonance spectroscopy (MRS):  provides quantitative biochemical measures of 
compounds in brain tissue.  The best established MRS marker is an amino acid (NAA) which 
reflects the functional status of neuronal mitochondria.  A reduction of NAA levels 
independent of brain atrophy is a consistent finding in AD (Kantarci, 2007). 

 Structural computed tomography (sCT):  also used for evaluation of brain atrophy, and may 
be utilized for patients unable to undergo MRI due to the presence of metal (e.g. a 
pacemaker) (Wattjes, 2009). 

 Functional MRI (fMRI):  used in combination with cognitive assessment, such as evaluation 
of a memory encoding task, to map resulting neural activity in the brain (Machulda, 2003). 
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 Single-photon emission computed tomography (SPECT):  used with a variety of radioactive 
tracers to assess areas of hypoperfusion, or decreased regional cerebral blood flow, which 
have been associated with the early stages of AD (Mitsumoto, 2009; Matsuda, 2007).   

 
 

Cerebrospinal Fluid (CSF) 
Four CSF biomarkers have been evaluated in a large number of independent studies: amyloid-β40 , 
amyloid-β42, total tau, and phosphorylated tau.  Amyloid and phosphorylated tau reflect the core 
elements of the disease process in AD as it is currently known: levels of brain amyloid and 
neurofibrillary tangles.  Conversely, total tau is a nonspecific marker for axonal damage that mirrors 
the activity of the neurodegenerative process.  The combination of elevated levels of total tau 
together with reduced levels of amyloid-β42 or reduced amyloid-β42/ amyloid-β40 ratio is a consistent 
finding in biomarker studies of patients with different stages of AD, including MCI (Hampel, 2010).   
 
 

Emerging Testing Methods 

In addition to the tests described above, all of which have been evaluated in multiple clinical 
studies, a variety of newer tests are being explored for their diagnostic and prognostic capabilities 
in AD.  These include newer imaging- and CSF-based techniques as well as novel approaches to 
biomarker measurement intended to further increase convenience and potentially reduce cost.  
These emerging tests include: 
 

 Plasma Amyloid- β40 and Amyloid- β42:  studies performed to date have yielded inconclusive 
results regarding the correlation between plasma concentrations and accumulation in the 
brain (Humpel, 2011). 

 Other plasma-based biomarkers:  those currently under investigation include markers of 
inflammation such as C-reactive protein, interleukins, and tumor necrosis factor, as well as 
homocysteine and a variety of lipoproteins (Cedazo-Minguez, 2010).  In addition to 
individual biomarkers, research is also ongoing on multiple protein arrays and their 
correlation with neuropsychological testing results (O’Bryant, 2011).   

 Vision-based biomarkers: a variety of techniques are being explored to identify patients with 
AD, including: 

o measurement of blood vessel width in the eye through the use of retinal 
photography 

o evaluation of specific eye movements as a means to discriminate between 
neurodegenerative diseases 

o changes in the retinal nerve fiber layer as a marker of cerebral axonal 
degeneration  

 New imaging approaches, including: 
o SPECT for assessment of dopaminergic dysfunction 
o PET for evaluation of glycine and histamine receptor levels 
o Use of a novel fMRI index for brain activity 

 New CSF biomarkers, including: 
o Alternate forms of amyloid-β  
o Visinin-like protein-1, a marker of neuronal injury 
o Inflammatory markers such as interleukins 
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A Conceptual Approach to Evaluating Evidence 
on Alzheimer’s Disease Diagnostic Tests 
 

Insurers, as well as patients and clinicians, have one overriding question that they expect to have 
answered about potential diagnostic tests for Alzheimer’s disease: is there adequate evidence to 
demonstrate that a diagnostic test improves patient outcomes?  New tests may not help improve 
outcomes for many reasons: they may have poor accuracy, leading to many false positive and/or 
false negative results; they may be accurate but may be no better than existing clinical methods of 
diagnosis; they may be better than existing clinical methods but not change clinical decisions about 
treatment; they may even change clinical decisions about treatment but the treatment choices 
available may not provide significant clinical benefits.  Thus the central question asked by insurers 
and other stakeholders about diagnostic tests for AD reflects the reality that there are many 
reasons why tests may not necessarily lead to improved patient outcomes.  It also highlights that a 
judgment must be made about whether evidence is strong enough or persuasive enough to be 
“adequate” to merit insurance coverage.  In this section we present an analysis of conceptual 
frameworks for the evaluation of evidence on AD diagnostic tests.  Our goal is to describe how 
evidence on AD diagnostic tests will be evaluated by insurers and by technology assessment groups 
that often evaluate evidence to help guide insurers in coverage decision-making.  This view is 
intended to help clarify where the evidence “gaps” are today, what kinds of outcomes in diagnostic 
studies should be sought in the future, and how the “strength” of evidence will be judged when 
decisions are made about whether the evidence is adequate to demonstrate that a diagnostic test 
improves patient outcomes.  This information is critical in framing recommendations for the design 
of the diagnostic test research agenda of the future. 
 
Analytic frameworks 
An analytic framework is one useful way to visualize the many links in an evidentiary chain that 
must be considered when judging whether tests ultimately improve patient outcomes.  A simplified 
analytic framework for AD diagnostics is shown on the following page. 
  



©Institute for Clinical & Economic Review, 2012 Page 19 

 

Simplified Analytic Framework:  Diagnostic Testing for Alzheimer‘s Disease
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In this simplified framework, patients at risk for AD or with memory or other cognitive complaints 
are first evaluated clinically, often including the administration of some type of neuropsychological 
testing.  For patients who are found not to have cognitive impairment, three consequent actions 
are possible: 1) no further investigation or treatment; 2) further diagnostic testing for other 
conditions; or 3) further diagnostic testing specifically for AD pathology to confirm a “negative” 
diagnosis.   
 
If the clinical evaluation is positive or equivocal for MCI, dementia, or an AD-associated disease such 
as stroke due to amyloid angiopathy, the clinician could move directly either to targeted AD 
treatment or the clinician could choose to conduct further diagnostic testing to confirm or rule-out 
AD.  This step in the analytic framework highlights the issue that judgments regarding the clinical 
value of AD diagnostic testing will depend upon whether there is evidence that further diagnostic 
testing adds information that makes the diagnosis more accurate than clinical evaluation alone.  An 
evaluation of “accuracy” requires two elements: 1) judgment of the pre-test probability of illness 
based on the findings of the clinical evaluation; and 2) evidence on the sensitivity and specificity of 
further testing – not simply the sensitivity and specificity of the tests vs. some gold standard, but 
the sensitivity and specificity of the tests as they would be used in the sequence of evaluation in 
real-world clinical practice.   
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Not only does the diagnostic testing need to contribute to a more accurate diagnosis, but the 
analytic framework also clarifies that evidence or a strong assumption is needed that testing 
changes the decisions regarding subsequent testing for other conditions, treat/no-treat decisions, 
or the selection of treatment that would have been made without the tests.  The need for evidence 
on these linkages between test results and test actions is true whether the focus is on the clinical 
value of a positive test result or on the clinical value of a negative test result.  For example, as can 
be seen in the analytic framework, there is the potential for a negative diagnostic test for AD to 
affect the conduct of subsequent testing looking for other possible conditions.  This is part of the 
potential clinical impact of a test that seeks to “rule-out” AD, but any potential impact requires that 
diagnosis of an alternative condition will lead to a course of treatment that produces overall 
improvement in health outcomes.   
 
Given that no test is perfect, the evidence on a diagnostic test must be available to evaluate the 
consequences of false positive and false negative test results in changing treatment decisions and 
outcomes.  The rates of false positive and false negative results of any test are dependent not only 
on their sensitivity and specificity, but on the underlying prevalence of the disease in the population 
to be tested.  Thus evidence to evaluate this step in the analytic framework will require evidence 
allowing judgment of the performance and outcomes of testing in patient populations with 
different underlying rates of illness. 
 
The final step in the analytic framework links the treatment or treatments available to the harms 
and benefits of treatment.  Which harms and which benefits that are relevant for consideration of 
insurance coverage will be considered in subsequent sections of this paper.  But the framework 
makes clear that the balance of all harms and benefits must be considered in order to evaluate the 
net health benefits of treatment.  Ultimately, it is the ability of a diagnostic test to produce a higher 
net health benefit for patients that will guide insurance coverage decisions.  The evidentiary links 
between all the steps in this analytic framework highlight the many areas in which evidence will be 
sought and evaluated by technology assessment groups and insurers seeking to make a judgment 
about the potential impact on net health benefit caused by the introduction of a new diagnostic 
test for AD. 
 
Evidence Hierarchies, Analytic Validity, Clinical Validity, and Clinical Utility 
An analytic framework can be helpful in clarifying the many steps in a logic chain for which evidence 
or a strong assumption must exist in order to demonstrate that the introduction of a new diagnostic 
test will improve patient outcomes.  There are two other commonly used conceptual approaches to 
identifying the type of evidence needed for the evaluation of diagnostics.  The first of these is an 
evidence hierarchy developed in the 1990s for imaging tests composed of six levels of evidence, and 
the second a conceptual model arising out of efforts to evaluate genetic tests that has three levels 
of evidence: “analytic validity,” “clinical validity,” and “clinical utility.”  We will describe both 
models because although the underlying concepts are similar the language and specifics are 
different enough that researchers seeking to understand how technology assessment groups and 
insurers will judge evidence on diagnostics should be familiar with both.  
 
The evidence hierarchy approach, which assigns higher importance to different kinds of evidence, 
has gained wide use in evaluations of the literature on therapeutic interventions, with randomized, 
double-blind clinical trials (RCTs) and systematic reviews at the top of the hierarchy due to their 
perceived lower risks of bias, and observational studies and case series at lower levels.   
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But a different evidence hierarchy is often used for diagnostic tests, as RCTs are often not feasible 
and key patient outcomes of interest may lie many years in the future following the use of a test.  In 
the early 1990s, Fryback and Thornbury developed an influential hierarchy of evidence specifically 
for imaging tests, but the hierarchy has been widely applied to all forms of diagnostic testing 
(Fryback, 1991).  The hierarchy is presented in Table 1 below.  Each level of evidence is shown with 
corresponding examples of the relevant outcome measures for studies at that level.  We also 
include the analogous level of evidence from the genetic testing model that is discussed in parallel. 
 
 
Table 1.  Fryback and Thornbury hierarchy of evidence for diagnostic testing and genetic testing 
evidence categories promulgated by the Evaluation of Genomic Applications in Practice and 
Prevention (EGAPP) Working Group. 
 

Diagnostic Imaging 
Evidence Hierarchy Level  

Genetic Testing Evidence 
Category 

Example of Outcome Measures  

1.  Technical Efficacy    1.  Analytic validity 

Interpretable scan resolution, 
accuracy and reliability of tests of 
CSF proteins to measure CSF 
protein levels, inter-reader and 
inter-laboratory reliability of test 
results  

2.  Diagnostic Accuracy 
 
   2.  Clinical validity 

Sensitivity/specificity vs. gold 
standard test or vs. some other 
standard   

3.  Diagnostic Impression 
 Change in presumptive diagnosis 

following introduction of new test 
results  

4.  Diagnostic Action 
 Initiation or cessation of 

treatment; impact on use of 
additional diagnostic studies 

5.  Patient Outcomes     3.  Clinical utility 

Cognitive/functional decline, time 
to institutionalization, side effects 
of treatment driven by test results, 
mortality  

6.  Societal Outcomes   Cost-effectiveness of testing  
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At the first level of the hierarchy are studies of technical efficacy, which evaluate whether the tests 
in question are able to measure accurately and reliably what they purport to measure.  Examples of 
this kind of study include a test of whether a PET scan suggesting a certain level of amyloid in the 
brain is found to be accurate upon autopsy, or whether an MRI scan of the hippocampus can be 
repeated on different machines and interpreted by two different readers with the same result.  This 
first level in the evidence hierarchy corresponds exactly with the “analytic validity” category of 
evidence used in the laboratory testing community and popularized by the Evaluation of Genomic 
Applications in Practice and Prevention (EGAPP) Workgroup, a multidisciplinary academic group 
convened by the Centers for Disease Control in 2004 to establish a systematic, evidence-based 
process for assessing genetic tests and other applications of genomic technology.    
 
Level 2 tests evaluate test accuracy when compared to a “gold standard” approach in a given 
population.  This kind of study would include those that evaluate the correspondence between 
“positive” imaging or CSF studies and findings of dementia that meet AD core clinical criteria; it 
could also include studies of emerging diagnostic techniques that use imaging or CSF test results as 
the reference standard.  This level also corresponds exactly with an EGAPP category: clinical validity.   
 
Level 3 studies in the evidence hierarchy, however, have no specific analogue in the EGAPP model.  
Level 3 studies cross the step identified in the analytic framework from issues of diagnostic 
performance to the question of the impact of test results on the diagnostic impression of clinicians.  
Studies at this level can evaluate the impact of test results on the “confidence” of clinicians in their 
diagnosis, or, more usefully, try to measure the impact on actual presumptive diagnoses, tracking 
how often test results change clinicians’ diagnosis and/or plans for treatment.  This is a logical 
precursor to level 4 studies, which not only evaluate the reported plans for treatment but also 
capture the effect of the diagnostic test on the actual actions taken in treatment or management.  
This level in the evidence hierarchy also does not correspond to a specific category in the EGAPP 
model.  Studies at this level often focus on the treat/no-treat choice, but they can also evaluate 
selection of treatment when there are multiple options or they can evaluate any change in further 
diagnostic workup following the receipt of test results.    
 
Level 5 studies are those that are able to measure and compare actual patient outcomes 
experienced by patients who receive a diagnostic test and patients who do not.  The outcomes of 
studies at this level would include potential risks of the test itself (e.g. headache after lumbar 
puncture) and also capture downstream effects of the treatments that are guided by test results.  
This level corresponds to the final EGAPP category, clinical utility, which they define as follows: 
“evidence of improved measurable clinical outcomes, and the test’s usefulness and added value to 
patient management decision-making compared with current management without testing” 
(Teutsch, 2009).  Level 6 studies in the evidence hierarchy introduce a “societal” perspective by 
examining not only clinical outcomes but also cost and cost-effectiveness considerations.  There is 
no corresponding category in the EGAPP model.      
 
It is important to note that, unlike the evidence hierarchies for studies of therapeutic interventions, 
neither the Fryback and Thornbury evidence hierarchy nor the EGAPP genetic test evidence 
categories specify the study design of the studies in each level/category.  Thus, for example, studies 
that would provide level 5/clinical utility evidence could be RCTs in which patients are randomized 
to get the test or not, but studies in this level could also be prospective or retrospective cohort 
designs, or even well-conducted case series with historical controls.  Judgments about whether 
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there is “adequate” evidence to demonstrate that diagnostic tests lead to improved patient 
outcomes thus require a two-part process: determining whether the level/category of evidence is 
adequate, and evaluating whether the quality of the evidence in each level is adequate to be 
persuasive.    
 
When robust evidence at level 5/clinical utility is available, evaluation for insurance coverage is 
usually relatively straightforward.  Similarly, level 1/analytic validity evidence provides too little 
assurance of evidence linking test results to patient outcomes to warrant serious consideration for 
coverage.  It is therefore worth exploring further here some considerations regarding evidence 
levels 2, 3, and 4: evidence that spans between tests of diagnostic accuracy to those evaluating the 
impact of testing on treatment selection.  Level 2 evidence, in particular, is the most common type 
of study performed and the interpretation of the results for insurance coverage often proves 
controversial.  In most cases a new diagnostic test is being compared to a gold standard test, such 
as when non-invasive colorectal cancer screening tests are compared to optical colonoscopy as the 
standard to determine their sensitivity and specificity.  But the development of biomarker tests for 
diagnosing AD and predicting outcomes will most likely present a completely different scenario and 
raise different key questions.  The more recent treatment trials for AD therapeutics have been 
designed to include potential imaging and CSF biomarker tests for all patients as part of baseline 
testing, and in some cases as part of the eligibility criteria.  The outcomes of all patients will be 
followed with the putative biomarker results as potential predictors of treatment response.  Any 
positive impact of treatment will be identified in relationship to these biomarker results, and 
therefore there will always be direct evidence of the outcomes of treatment among these cases.  In 
the scenario in which positive treatment outcomes are achieved, it seems most likely that 
treatment success will be identified only within a subset of patients with particular biomarker 
characteristics at baseline.  In a sense, future patients with these biomarker results will have a new 
disease: “treatable MCI” or “treatable AD dementia,” and the set of biomarker results associated 
with positive treatment response might then serve as a new gold standard against which future 
tests would be tested.   
 
If and when this new gold standard exists for the diagnosis of patients who, as a class, will have 
positive treatment outcomes, then AD diagnostics will enter a second phase in which alternatives to 
the gold standard diagnostic test(s) will be evaluated.  Researchers may develop new tests with 
potential advantages including greater sensitivity and specificity, or tests that may have equivalent 
diagnostic accuracy but other advantages, including less invasiveness or lower cost.  In this future 
phase technology assessment groups and insurers will continue to focus most scrutiny on tests 
whose primary advantage is a purported greater sensitivity for “disease,” since these tests will 
identify more patients who will be considered for treatment but whose response to treatment will 
not be known from the original trials.  Imagine, for example, that the original trial showing 
treatment benefit found this benefit only among patients with a certain CSF tau protein level.  If a 
new blood test is shown to identify all these same patients but, in addition, suggests additional 
patients with “positive” results indicating the same underlying pathological process, it will be 
difficult to know whether treating these additional patients would offer them the same balance of 
risks and benefits documented for patients identified only with the gold standard test.  Level 2 
evidence is unlikely to be sufficient in this case, and even level 3 and level 4 evidence, showing that 
test results change diagnostic impressions and treatment choices for patients receiving the new 
test, will prove unpersuasive to technology assessment groups and insurers who will require 
evidence on the treatment outcomes for the new patients identified by the new test.          
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For the immediate future, however, the primary issue for the field of AD diagnostics research 
revolves around the validation of initial biomarkers as surrogate outcomes and as diagnostic tests.  
We will return to the issue of study design to enhance the evidence on biomarker clinical utility in a 
later section of this white paper.  The following section provides a review of the current literature 
on AD biomarker testing, including an assessment of where the current evidence falls on the 
Fryback and Thornbury evidence hierarchy, and a summary of those studies that have attempted to 
move beyond diagnostic accuracy to assess clinician- and patient-related effects of testing. 
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Review of Current Evidence 

  
Diagnostic Outcomes 
In order to characterize the state of current literature on diagnostic testing for AD, a literature 
search was conducted for English-language studies published from January 2000 to March 2012 
using the MEDLINE and PsycInfo databases.  A total of 755 articles were initially identified; after 
elimination of clinical reviews, editorials, etc., a total of 621 articles were evaluated.  As shown in 
Table 2 below, nearly all of these studies focused on technical efficacy and diagnostic accuracy 
alone, and 5 studies examined the impact of testing on diagnostic impression.  There were no 
studies identified that evaluated the effects of testing on subsequent clinical decision-making.  In 
addition, while many studies have documented the ability of biomarkers to predict key patient 
outcomes such as cognitive decline, quality of life, requirements for assistance in activities of daily 
living, or institutionalization, we identified no studies that documented improvement in these 
outcomes in patients receiving such testing as compared to those tested using clinical criteria alone. 
 
Table 2.  Studies of diagnostic testing for AD, by Fryback and Thornbury hierarchy. 
 

Study Level Number of studies 

Technical Efficacy 17 

Diagnostic Accuracy 553 

Diagnostic Impression 5 

Diagnostic Action None 

Patient Outcomes None 

Societal Outcomes None 
 
Diagnostic studies varied substantially in design, populations, protocols for testing and 
interpretation, and the gold standard used for diagnosis.  Evaluations of inter-lab reliability were 
rare for CSF tests in our literature review, but there were several examining test-retest reliability of 
imaging modalities, with most results indicating reliability in the 90%-96% range.  Most of the 
studies identified, however, involved 1-2 clinical centers only, limiting their ability to examine the 
impact of variability in test vendor and interpretation software, test reader skill, and testing method 
or protocol on diagnostic accuracy.  Not surprisingly, clinical diagnosis was the reference standard in 
most studies, as definitive autopsy findings are often impractical to use in many situations.  
However, the framework for differential diagnosis (and the resulting population spectrum 
evaluated) was highly variable, and included comparisons of AD vs. no dementia, vs. other forms of 
dementia, vs. various levels of MCI by severity, and so on.  
 
Other information was found to be lacking in many studies.  For example, few studies documented 
the frequency with which a failed test or a test with equivocal or indeterminate results occurred; 
those that did include this information tended to exclude such patients from analysis, thereby 
overestimating accuracy.  In actual clinical practice, these results would most often trigger retesting 
or further diagnostic testing of some kind.  In addition, data on the threshold for positivity were 
often limited or absent, particularly in imaging studies.  While this information was more frequently 
employed in analyses of CSF biomarkers, thresholds were highly variable, as has been documented 
in other systematic reviews and meta-analyses (Bloudek, 2011; van Harten, 2011). 
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With all these limitations in mind, it is not surprising that studies of diagnostic accuracy 
demonstrated a wide range of findings for sensitivity and specificity.  As has been described in 
recent systematic reviews (Bloudek, 2011), our literature review also found that the range of 
sensitivity of CSF amyloid and tau tests has ranged from approximately 60-100%, with some of the 
variability arising from different thresholds for what defines a positive test.  The sensitivity of 
various imaging modalities has been found to range from approximately 40-100%, with analogous 
issues of variable thresholds for what constitutes a positive result.  Specificity for CSF tests range 
from 60-100%, and from 20-100% for imaging modalities. 
 
A systematic review was recently undertaken to support consideration by the European Medicines 
Agency (EMA) of validation of CSF and PET-amyloid biomarkers for enrichment of clinical trial 
populations (EMA, 2012).  In their review of CSF data they focused on 11 recent studies reporting 
sensitivity and specificity results on CSF tests using autopsy data as the gold standard.  Based on 
their survey of this literature, EMA found that CSF amyloid-β42 alone did not always differentiate AD 
from other non-AD dementias.  Use of either CSF amyloid-β42 or tau alone provided a modest 
improvement in likelihood ratios, but the combined use of CSF amyloid-β42 and total-tau improved 
both specificity and positive likelihood ratios substantially.  The EMA review of the data on PET 
imaging using radiotracers binding to brain amyloid also concluded that elevated amyloid burden, 
as determined by these tests, increases the probability that patients classified as AD on clinical 
criteria do indeed have existing amyloid pathology.  Based on this review the EMA has formally 
“qualified” CSF amyloid-β42 and PET-amyloid imaging as biomarkers for enrichment of clinical trials.  
The EMA did not, however, qualify these tests as surrogate outcome measures or diagnostic tools, a 
distinction we will return to in a later section of this paper. 
 
The 5 studies that we found in our literature review that went beyond diagnostic accuracy to 
measure impact on clinical impressions or clinical actions are described in detail in Appendix B.  Two 
of these studies assessed the impact of sequential use of imaging following clinical diagnosis, but 
measured only the change in clinicians’ “confidence” in their diagnoses after imaging, not any 
actual changes to presumptive diagnosis (Heckemann, 2008; Raji, 2010).  Three other studies did 
evaluate the impact of biomarker testing on diagnostic impression.  In a prospective cohort, Kester 
and colleagues (2010) evaluated patients with AD, MCI, other dementias (including frontotemporal 
dementia or FTD) and no dementia,  and evaluated the impact of additional CSF biomarker data 
following clinical diagnosis.  In 11 of 109 cases (10%), the clinicians changed their initial diagnoses.  
The majority of these changes were from MCI to AD (n=4) or from AD to other dementias (although 
the paper does not specify) (n=4).  Importantly, however, these were changes in working diagnoses 
only, as disease was not pathologically confirmed and therefore it is impossible to know whether 
the changes in diagnosis were correct or not.   
 
Another study evaluating the impact of biomarker results on clinical impression gave clinicians FDG-
PET test results after the clinicians had used clinical exam and symptom checklist results to provide 
a presumptive diagnosis for patients in a retrospective cohort who had autopsy-confirmed AD or 
FTD (Foster, 2007).  Of 270 diagnoses, 42 (16%) were changed after receipt of FDG-PET data.    Of 
the 42 changed diagnoses, 34 (81%) were changes from an incorrect to a correct diagnosis, whereas 
the remaining 8 diagnostic changes were from a correct to an incorrect diagnosis.  
 
The final study in this category examined the potential impact of amyloid imaging on both diagnosis 
and intended management in patients with progressive cognitive decline and suspicion of AD 
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(Grundman, 2012, in press). A total of 229 patients recruited at 19 sites were imaged with 
florbetapir PET scanning. The site physician provided a provisional diagnosis and intended 
management plan both before and after the scan. The scan interpretations (113 positive and 116 
negative) were associated with a change in reported diagnosis in 54.6% of cases and a high rate of 
change in intended management (> 85%) for at least one aspect of the management plan. For 
example, intended use of cholinesterase inhibitor or memantine treatment increased by 17.7% in 
cases having positive scans and decreased by 23.3% in cases with negative scans.  Among subjects 
who were enrolled and had not yet completed a diagnostic workup (n=119), obtaining the results of 
the florbetapir scan was associated with absolute reductions of 24.4% and 32.8% in planned 
anatomic imaging and neuropsychological testing respectively.  Key limitations of the study, as 
noted by the authors, included measurement of intended rather than actual changes in 
management as well as recruitment of physicians who were experts in memory disorders.   
 
While all of these studies extend beyond evaluation of diagnostic accuracy, they provide only 
limited evidence on the impact of biomarker testing on intended clinician action, and do not include 
any evidence of the impact of testing on actual changes in further diagnostic testing or treatment.  
Nor, obviously, do they provide data on whether the additional information gleaned from 
biomarker testing leads to improved patient outcomes.  Although the current clinical benefits of 
treatment for AD are quite limited, there are potential effects of testing on patient and family 
psychological outcomes and the ability to plan for the future.  We provide a summary of existing 
data on these outcomes in the section below.   
 
 

Psychological/Social Outcomes 
It has been suggested that early testing for AD may positively or negatively impact psychological 
well-being, changes in health behaviors, future planning, and medical resource utilization for 
patients and their families (Iliffe, 2009; Illes, 2007).  Such issues are neither novel nor unique to AD, 
as they have been evaluated in multiple therapeutic areas (Heshka, 2008) including genetic 
screening for hereditary breast and ovarian cancer (Claes, 2005; Hamilton, 2009) as well as testing 
for conditions with no known effective treatment such as Huntington’s disease (Decruyenaere, 
2003; Meiser, 2000; Richards(a), 2004; Richards(b), 2004; Timman, 2004), and amyotrophic lateral 
sclerosis (ALS) (Fanos, 2011).   
 
The most widely published study of the outcomes associated with disclosure of AD risk was carried 
out in a population of adult children of parents who were diagnosed with late-onset AD.  The Risk 
Evaluation and Education for Alzheimer’s Disease (REVEAL) study was a randomized control trial 
funded by the National Institute on Aging and the Ethical, Legal, and Social Implications Research 
Program (NIA/ELSI) in which participants were randomized to a group that had the results of 
genetic testing for apolipoprotein E (APOE) disclosed to them and a group that did not.  Primary 
outcomes of interest were measures of psychological impact as described above, as well as 
modification to health behaviors and changes to insurance plans.   
 
At multiple time points over a one-year period, there was no evidence of statistically-significant 
differences between the disclosure and non-disclosure groups in measures of anxiety, depression or 
test-related distress (Green, 2009).  The subgroup of participants in the disclosure group who 
learned they were APOE-positive had a period of heightened distress relative to those with negative 
test results.  After 6 months, however, differences began to diminish and were nonsignificant by 
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one year, indicating the potential for individuals to assimilate the information and accommodate.  
Those who were APOE-negative demonstrated significantly less distress at 6 months than those in 
either the APOE-positive or non-disclosure groups; again, however, differences between APOE-
positive and APOE-negative patients were nonsignificant after this timepoint.   
 
Similar effects have been noted in studies of genetic testing for Huntington’s disease and hereditary 
breast and ovarian cancers (e.g., BRCA 1/2) (Timman, 2004; Decruyenaere, 2003; Hamilton, 2009); 
those identified as carriers tended to have heightened general anxiety and stress over the short 
term, but levels either reverted to baseline or did not differ from noncarriers by 6-12 months of 
follow-up.  Noncarriers generally reported short-term improvement in general psychological status 
or a status that was unaltered from baseline.  However, findings from a meta-analysis of studies of 
emotional distress according to BRCA 1/2 status suggested that, for measures of cancer-specific 
distress, noncarriers reported significant reductions in distress up to one year following test results, 
while changes among carriers were nonsignificant.  
 
In REVEAL, more participants with known APOE-positive status reported changes in a composite 
measure of AD “prevention activities” (i.e., medication/vitamin use, diet, and exercise) as compared 
to their APOE-negative and non-disclosure counterparts after one year (Chao, 2008).  APOE-positive 
status was also significantly correlated with participants “thinking about” or making actual changes 
to long-term care insurance and with “thinking about” changes to life insurance (Zick, 2005).  A 
recent survey indicated that almost two-thirds of individuals are willing to pay out of pocket to have 
a genetic test for AD (Kopits, 2011).  Even in the absence of an effective treatment option, up to 
75% of individuals in one sample speculated that they would be willing to pay for a definitive 
diagnostic test (Neumann, 2012), suggesting some perceived benefit “of knowing.”   
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Guidelines and Insurer Coverage Policies for 
Alzheimer’s Disease Diagnosis 
 

Clinical Guidelines 
Guidelines from multiple organizations in the U.S. and Europe universally support the initial 
diagnosis of AD with a comprehensive clinical and cognitive assessment including 
neuropsychological testing.  Most of these organizations also support the use of structural imaging 
with either MRI or CT scans in conjunction with clinical examination to provide information on 
changes in brain anatomy as well as to differentiate AD from other neurodegenerative diseases and 
rule out conditions such as cerebral hemorrhage.  Advanced imaging techniques such as FDG-PET 
and SPECT are considered potentially appropriate in cases where the clinical diagnosis of AD is 
questionable.  In contrast, CSF-based biomarker data is considered investigational and not 
recommended for routine use by three of the four organizations listed below; only the European 
Federation of Neurological Sciences (EFNS) supports their use in cases of atypical AD presentation.  
Note:  the American Academy of Neurology (AAN) is currently updating its 2001 guidelines; the 
update is not yet published. 
 
American Psychiatric Association, 2007 
http://psychiatryonline.org/content.aspx?bookid=28&sectionid=1679489 
 
European Federation of Neurological Societies, 2010 
http://onlinelibrary.wiley.com/doi/10.1111/j.1468-1331.2010.03040.x/abstract 
 
National Institute for Health and Clinical Excellence with the Social Care Institute for Excellence, 
2006 & 2011 
http://guidance.nice.org.uk/CG42/Guidance/1-7/pdf/English 

 

American College of Radiology, Appropriateness Criteria®, 2010 
http://www.acr.org/Quality-Safety/Appropriateness-Criteria/Diagnostic/Neurologic-Imaging 
 

 

Insurer Coverage Policies 
As with clinical guidelines, the Centers for Medicare and Medicaid Services (CMS) as well as major 
private insurers in the U.S. tend not to restrict coverage for clinical examination and 
neuropsychological testing in the diagnosis of AD.  One notable exception is restriction of coverage 
of neuropsychological testing to AD diagnosis only, and exclusion of coverage for such testing  in the 
diagnosis of MCI, citing a lack of data on the impact of such testing on clinical decision-making 
(Cigna).  In contrast, laboratory biomarkers (including CSF and urinary evaluation) are universally 
considered to be investigational and not covered, with most payers citing a lack of evidence on test 
reliability and appropriate interpretation, no evidence of improved accuracy over use of clinical 
criteria alone, and a paucity of data on changes in clinical management or patient outcomes that 
would result from the use of such biomarkers. 
 
Similarly, advanced imaging techniques, including FDG-PET, SPECT and fMRI, are considered to be 
investigational and unproven modalities for the diagnosis of AD, for the reasons listed above.  CMS 

http://psychiatryonline.org/content.aspx?bookid=28&sectionid=1679489
http://onlinelibrary.wiley.com/doi/10.1111/j.1468-1331.2010.03040.x/abstract
http://guidance.nice.org.uk/CG42/Guidance/1-7/pdf/English
http://www.acr.org/Quality-Safety/Appropriateness-Criteria/Diagnostic/Neurologic-Imaging
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has made a National Coverage Determination (NCD) for FDG-PET, however, that provides limited 
coverage for its use in (1) the differential diagnosis of FTD vs. AD, or (2) a CMS-approved clinical trial 
focused on the utility of FDG-PET in the diagnosis or treatment of dementing neurodegenerative 
diseases.  In this case, it was felt that the evidence was sufficient on the use of FDG-PET to 
differentially diagnose FTD vs. AD, provided that cognitive decline of at least six months’ duration 
had been documented and other causes of dementia had been ruled out. 

 
Centers for Medicare and Medicaid Services (CMS) 
http://www.cms.gov/medicare-coverage-database/details/ncd-
details.aspx?NCDId=288&ncdver=3&NCAId=64&NcaName=Positron+Emission+Tomography+%28FD
G%29+for+Alzheimer%2527s+Disease%2fDementia&CoverageSelection=National&KeyWord=alzhei
mer&KeyWordLookUp=Title&KeyWordSearchType=And&bc=gAAAABAAIAAA& 
 

Selected National and Regional Private Payers 
 
Aetna 
http://www.aetna.com/cpb/medical/data/300_399/0349.html 
 
CIGNA 
http://www.cigna.com/healthcareprofessionals/resources-for-health-care-professionals/clinical-
payment-and-reimbursement-policies/medical-categories.html#cat6 
 
Humana 
http://apps.humana.com/tad/tad_new/home.aspx?type=provider 
 
Regence 
http://blue.regence.com/trgmedpol/contents/a.html 
 
United 
https://www.unitedhealthcareonline.com/b2c/CmaAction.do?channelId=ca174ccb4726b010VgnVC
M100000c520720a____ 
 
Wellpoint/Anthem/UniCare 
http://www.anthem.com/cptsearch_shared.html 

 
 

  

http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=288&ncdver=3&NCAId=64&NcaName=Positron+Emission+Tomography+%28FDG%29+for+Alzheimer%2527s+Disease%2fDementia&CoverageSelection=National&KeyWord=alzheimer&KeyWordLookUp=Title&KeyWordSearchType=And&bc=gAAAABAAIAAA&
http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=288&ncdver=3&NCAId=64&NcaName=Positron+Emission+Tomography+%28FDG%29+for+Alzheimer%2527s+Disease%2fDementia&CoverageSelection=National&KeyWord=alzheimer&KeyWordLookUp=Title&KeyWordSearchType=And&bc=gAAAABAAIAAA&
http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=288&ncdver=3&NCAId=64&NcaName=Positron+Emission+Tomography+%28FDG%29+for+Alzheimer%2527s+Disease%2fDementia&CoverageSelection=National&KeyWord=alzheimer&KeyWordLookUp=Title&KeyWordSearchType=And&bc=gAAAABAAIAAA&
http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=288&ncdver=3&NCAId=64&NcaName=Positron+Emission+Tomography+%28FDG%29+for+Alzheimer%2527s+Disease%2fDementia&CoverageSelection=National&KeyWord=alzheimer&KeyWordLookUp=Title&KeyWordSearchType=And&bc=gAAAABAAIAAA&
http://www.aetna.com/cpb/medical/data/300_399/0349.html
http://www.cigna.com/healthcareprofessionals/resources-for-health-care-professionals/clinical-payment-and-reimbursement-policies/medical-categories.html#cat6
http://www.cigna.com/healthcareprofessionals/resources-for-health-care-professionals/clinical-payment-and-reimbursement-policies/medical-categories.html#cat6
http://apps.humana.com/tad/tad_new/home.aspx?type=provider
http://blue.regence.com/trgmedpol/contents/a.html
https://www.unitedhealthcareonline.com/b2c/CmaAction.do?channelId=ca174ccb4726b010VgnVCM100000c520720a____
https://www.unitedhealthcareonline.com/b2c/CmaAction.do?channelId=ca174ccb4726b010VgnVCM100000c520720a____
http://www.anthem.com/cptsearch_shared.html
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Key Ongoing and Planned Studies of 
Alzheimer’s Disease Diagnostics 
 

Details on major ongoing studies focused specifically on diagnostic tests for AD are provided in 
Appendix C.  A total of six cohort studies were identified through clinicaltrials.gov, three of which 
are evaluations of the recently approved radiotracer florbetapir (Amyvid).  One of these is assessing 
acute safety issues associated with administration.  Two additional studies are academic-based 
evaluations of florbetapir related to safety and expansion of an imaging database.  In addition to 
the Amyvid studies, two  industry-funded studies are examining the sensitivity and specificity of 
other amyloid-β-targeting compounds used with PET imaging (florbetaben and flutemetamol).  In 
the latter of these studies, patients with a clinical diagnosis of amnestic MCI are being followed for 
up to two years to measure time to conversion from MCI to clinically probable AD in patients with 
normal vs. abnormal patterns of flutemetamol uptake. Finally, an investigator-initiated study is 
focused on the potential correlation of the results of oculomotor testing with other biomarkers 
(e.g., hippocampal volume or central atrophy).    
 
While these studies are attempting to address some evidence gaps, such as standardization of 
biomarkers, inclusion of a broad spectrum of disease, and explicit comparison to standard 
diagnosis, several gaps remain.  Study follow-up is limited, and with one exception (rate of cognitive 
decline), study designs are not focused on the impact of test results on clinical decision-making or 
patient outcomes.  An RCT has recently been published on clinicaltrials.gov that is attempting to 
address these concerns in part.  In this study, sponsored by Avid Radiopharmaceuticals, a total of 
600 patients at 56 sites worldwide with MCI or dementia symptoms will receive PET-amyloid 
imaging.  Physicians treating patients in the intervention arm will have immediate access to scan 
results, while those managing control patients will be blinded to scan results for 12 months.  The 
primary outcomes of interest include changes in patient management at months 3 and 12 of follow-
up and patient prognosis (i.e., association between scan status and rate of cognitive decline).  
Secondary outcomes include changes in clinical diagnosis, physician confidence in diagnosis, patient 
and caregiver advice and counseling, and caregiver self-efficacy for managing dementia.  The study 
is expected to be completed by December 2014.  
 
In addition, on the horizon are three important clinical trials in various stages of development and 
planning, each of which is intended to provide information on the progression of disease as well as 
the impact of testing and treatment in asymptomatic individuals.  These are the Anti-Amyloid 
Treatment of Asymptomatic Alzheimer’s Disease (A4) trial; the Dominantly Inherited Alzheimer 
Network (DIAN) – Therapeutic Trials Unit (TTU) trial; and the Alzheimer’s Prevention Initiative (API).  
Each of these studies is enrolling participants who are clinically normal but with specific risk factors 
for development of AD.   
 
The A4 study will be a randomized, double-blind placebo-controlled study of cognitively normal 
patients who demonstrate a positive amyloid-β burden through PET imaging (Sperling, 2012; 
Alzheimer’s Association, 2012; Ryan, 2012).  Potential subjects will be at least 70 years of age with 
CDR = 0 (no impairment), and MMSE 27-30 (no cognitive impairment).  Projected enrollment is 
1000 patients, with 500 randomized each to treatment and placebo.  An additional 500 patients 
who test negative on PET-amyloid imaging will be followed as a natural history study.  The 
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treatment to be evaluated has yet to be determined, and will be finalized later this year.  The 
primary outcome is the rate of change on a cognitive composite measure, based on memory and 
executive function, over a 3-year timeframe.  Secondary outcomes will include various biomarkers 
including CSF and MRI measures.  An important substudy will examine the impact of disclosure of 
PET amyloid imaging results to patients and caregivers.  The A4 is awaiting final funding approval 
from NIH and will potentially begin enrollment as early as 2013. 
 
DIAN-TTU is designed to evaluate 3 different drugs for potential prevention of AD (Bateman(a), 
2012; Alzheimer’s Association, 2012).  Patients enrolled in this study will have a known pathogenic 
mutation for development of AD, and will be allocated to one of three treatment arms or to 
placebo (n=160, with 40 patients/arm).  Eighty additional patients without the genetic mutation will 
receive placebo.  The primary outcome of the first phase of the trial, lasting two years, is 
determination of the interaction between drug and its potential targets.  Continuation into the 
second phase of the study will depend on whether an interaction between treatment and testing is 
found, and will evaluate cognitive outcomes over three years. 
 
Coordinated through the Banner Alzheimer’s Institute, the API is funded through grants from NIA, 
Genentech, and private donations (Reiman, 2012; Alzheimer’s Association, 2012).  The first clinical 
prevention trial to be conducted through API will enroll predominantly Colombian patients who are 
cognitively healthy but possess a known pathogenic mutation for development of AD.  Patients will 
be randomized to treatment and placebo arms (n=216, with 108 patients/arm).  An additional 108 
patients without the mutation will also receive placebo.  The trial is a double-blind study, lasting up 
to 60 months.  The treatment arm will evaluate an anti-amyloid monoclonal antibody, crenezumab 
(Genentech), which binds to various forms of amyloid-β42.  The primary outcome is the change in 
the API composite cognitive score; however, an interim analysis will be conducted at 24 months on 
clinical biomarkers, such as FDG-PET, CSF assays and cognitive tests, and their correlation with 
projected treatment effects. 
 
While the availability of data on the natural history of cognitive decline in asymptomatic patients 
with risk factors for AD will be useful, the real potential power of these planned trials is to connect 
measures of pathologic and genetic abnormality to an appropriate target population for treatment.  
While this will not answer all questions about the appropriate populations for drug treatment, the 
potential is there for these trials to produce “level 5” evidence (i.e., impact on patient outcomes), 
thereby validating the use of both the test and the treatment in one study. 
 
In addition to the studies described above, other studies have recently received funding for 
examination of diagnostic approaches to AD.  These include validation of a blood-based screening 
tool utilizing data from the Texas Alzheimer’s Research & Care Consortium and the Mayo Clinic in 
Jacksonville, FL; and development of a neuroimaging paradigm, combining memory tasks with 
hippocampal function, to distinguish between normal aging and that seen in preclinical AD (NIH 
RePORTER, 2012). 
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Biomarker Validation Research Designs 
 

When considering the current state of evidence on AD diagnostic tests from the perspective of an 
analytic framework or from the number of studies at higher levels of established evidence 
hierarchies, it is easy to understand why technology assessment groups and insurers have judged 
that current evidence is not adequate to demonstrate that AD diagnostic tests improve patient 
outcomes.  It is obviously critical to this judgment that the current treatments for AD are considered 
to provide minimal, short-term clinical benefits, and that there have not been any studies to date 
evaluating the impact that positive or negative test results have on outcomes such as subsequent 
test ordering, selection of treatment, and patient quality of life.  Without an effective treatment for 
positive test results or adequate evidence of net health benefits provided by “negative” test results, 
it is impossible to validate the clinical utility for any diagnostic test.  It is important to note the 
limitations in the current evidence that exist at nearly every step in the analytic framework for AD 
diagnostics, corresponding to each level of the Fryback and Thornbury evidence hierarchy.  Even at 
the level of technical efficacy, there remain significant questions about the standardization of 
testing modalities across different machines, readers, laboratories, and institutions.  Meanwhile, 
diagnostic accuracy data are plagued by the difficulty in establishing a practical gold standard other 
than autopsy results.  And data are notably sparse or absent on the impact of test results on 
changes in diagnosis, treatment or management selection, and patient outcomes.   
 
Given that there are no significant “clinical” benefits of current treatment options, it has been 
proposed by some that assessment of the utility of AD diagnostic tests should include consideration 
of psychological and family outcomes, such as the potential benefits of reassurance provided by a 
negative test, or of the ability to make financial plans in light of a diagnosis of early AD dementia.  
As previously noted, one study’s findings suggests that a majority of Americans would be willing to 
pay for an AD diagnostic test even without an effective treatment (Neumann, 2012), but the data 
supporting actual psychological or planning benefits are sparse and inconsistent.  In addition, the 
standard policy of insurers in the U.S., including Medicare, has been to provide insurance coverage 
only for diagnostic tests that are believed to produce clinical benefits.  “Reassurance” or 
information for information’s sake has never been enough for coverage.   
 
All this will change if and when a treatment is found to slow the progression of AD or to treat its 
symptoms more effectively.  Within the pivotal trial or trials that demonstrate clinical effectiveness 
there will be criteria used to define eligible patients, criteria that will be based on 
neuropsychological test results, biomarker test results, or some combination thereof.  Successful 
treatment outcomes will make these eligibility criteria a de facto diagnostic test to identify 
“treatment-responsive” MCI or AD dementia.  The level of evidence in the hierarchy will have 
jumped overnight from diagnostic accuracy studies to those in which patient outcomes can be 
directly linked to treatment of patients meeting a particular diagnostic approach.  
 
But it is in the design of these new trials seeking to test AD therapeutics in minimally symptomatic 
and pre-symptomatic patients that key elements should be considered in order to “build in” the 
means to generate evidence that will be most persuasive to technology assessment groups and 
insurers in the future.  One critical issue that may arise is the question of how to interpret 
biomarker results that are found – retrospectively – to be associated with positive treatment 
outcomes.  Will new prospective trials using these same biomarker results as eligibility criteria be 
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required in order to validate them as useful diagnostic criteria?  In addition, it must be anticipated 
that the moment one diagnostic approach has been found to be able to identify patients with a 
positive treatment outcome, there will be immediate interest in evidence on alternative, possibly 
more practical or less expensive diagnostic approaches.  How to validate additional biomarkers 
embedded in clinical therapeutic trials for use as diagnostic tools will be the key question.   
 
Biomarkers for AD have received intense interest in recent years, but not due primarily to their 
potential to serve as diagnostic tests.  The greater interest has arisen because the AD research 
community recognizes that without validated biomarkers it will be impossible to study potential 
treatments for MCI and early AD, where the new paradigm of AD suggests treatments should be 
targeted in order to interrupt the downstream effects that, so far, have proven irreversible.  As 
pointed out by Holtzman, “biomarkers will need to be used to select people who are clinically 
normal but at high risk for near-term cognitive decline.  Without such an approach, trial size will be 
enormous and cost prohibitive, and individuals may be subjected to treatments that have the 
potential for toxicity with no clear benefit” (Holtzman, 2012). 
 
But, as mentioned earlier in this white paper, there are other important potential uses of 
biomarkers in AD drug development research and clinical care.  Biomarkers that facilitate the 
identification of the biochemical effects of a drug in short-term pilot studies may identify those drug 
candidates derived from animal models that affect the disease process in patients.  Biomarkers 
could aid in patient population selection and assessment of near-term drug effects on disease 
progression, as mentioned by Holtzman.  In industry-led drug discovery and development, 
biomarkers could also facilitate selection of drug candidates, verify the mechanism of action, define 
dose effects, and enable clinical trials to be shortened and run with reduced sample size.  In pivotal 
trials biomarkers could serve as true surrogate endpoints for clinical outcomes to guide regulatory 
decision-making.  And, lastly, biomarkers could serve as prognostic and diagnostic tools in clinical 
practice. 
 
In the field of clinical oncology, the challenge of validating biomarkers that can identify patients 
likely to benefit from targeted therapies has produced a rich literature on study design 
considerations, many of which are relevant for studies of biomarkers for AD (Mandrekar, 2009; 
Simon, 2009).  Prospectively designed clinical trials are the gold standard approach to validating 
biomarkers, and most prospective RCT designs for this purpose fall into one of four categories: 
targeted, or enrichment designs; sequential testing strategy designs; and marker-based designs, 
which include marker-based strategy designs and marker-by-treatment-interaction designs 
(Mandrekar, 2009).  
 
A full discussion of all of these design options, and of hybrids between them, is beyond the scope of 
this paper but can be found in several academic sources (Mandrekar, 2009; Scheibler, 2012).  The 
two designs most relevant for AD biomarker validation are enrichment designs and marker-by-
treatment-interaction designs.  Enrichment designs are particularly important for AD research 
because some manner of enhancing the recruitment of patients who are at higher risk of rapid 
progression of symptoms is necessary to make treatment trials of early AD feasible within a 3-4 year 
timeline.  In an enrichment design the marker is used to enrich the sample before randomization.  
For example, the A4 study described earlier will use PET-amyloid imaging to enrich the sample of 
patients with patients whose positive test results are presumed to mean that they have a higher 
likelihood of progressing relatively rapidly from normal cognition to MCI or early AD dementia.  If 
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this study finds a difference in patient-relevant outcomes, a PET-amyloid guided therapy plan will 
have proven to be beneficial, and PET-amyloid will become the gold standard diagnostic test for 
“treatment-responsive” AD.   
 
The other very relevant biomarker validation study design type for AD is the marker-by-treatment-
interaction design.  This design is similar to an RCT of any new drug or other intervention.  Patients 
are randomized to receive either the new drug or the conventional treatment (or a placebo).  The 
potential biomarker tests are performed before the randomization but are not used as eligibility 
criteria to enrich the patient sample.  Instead, in this design the biomarker test results should 
ideally be kept masked from investigators as well as patients.  Analyses of subsequent patient 
outcomes can then determine whether treatment is particularly effective, or not effective, for given 
(ideally pre-specified) subgroups.  This study design is especially important for the development of 
information about a wide range of potential biomarkers because it can be nested within an 
enrichment design study.  For example, a study using current CSF or PET-amyloid imaging 
biomarkers as criteria for enrichment of the patient sample could also measure many other 
putative biomarkers at baseline and evaluate later whether these other biomarkers can predict 
response to treatment among patients with positive CSF and/or PET-amyloid results.    
 
Prospectively designed clinical trials are the gold standard approach to validating biomarkers, but 
special consideration should be given to the issue of whether biomarkers for AD could be validated 
retrospectively from data gathered in an RCT or large cohort study.  AD takes such a long time to 
progress that prospective validation studies may prove impractical.  Therefore it is generally viewed 
as reasonable to test the predictive ability of a marker using data from previous high-quality RCTs 
evaluating therapies for which a marker is proposed to be predictive (Khlief, 2010; Simon, 2009).  
Some commentators have noted that the distinction between prospective and retrospective studies 
is more a matter of semantics, and that the real issue in determining whether data are useful for 
validating biomarkers is whether they come from experimental or observational studies (Simon, 
2009).       
 
Enrichment designs and marker-by-treatment-interaction designs seem almost certain to become 
the standard for trials of interventions targeting MCI, mild AD dementia, or even completely 
asymptomatic individuals.  Adaptive marker-by-treatment-interaction designs can also be 
developed which follow a Bayesian approach in which positive treatment results are sought 
sequentially at several pre-determined biomarker result thresholds and, if found, determine 
subsequent patient accrual and randomization plans.  The European drug regulator, the EMA, has 
already moved to formally qualify both PET-amyloid imaging and CSF amyloid-β42 as biomarkers for 
the use of enrichment of patient study populations (EMA, 2012).  Enrichment designs have the 
potential to create a very clear, persuasive body of evidence linking specific biomarker tests to 
patient outcomes from new treatments.  If they can be combined with marker-by-treatment-
interaction approaches to evaluate multiple other potential biomarkers simultaneously, it may be 
possible to create an efficient platform for validating biomarkers not only for research design 
purposes but as diagnostic tools for identifying patients who are most likely to have a positive 
response to treatment.   
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Evidence and Coverage Decision-Making 
 

What Insurers Will Be Looking For:  Evidence on Clinical Effectiveness 
It cannot be repeated too often that insurers, and the technology assessment groups that provide 
evidence evaluations for them, will be looking for persuasive evidence that diagnostic tests for AD 
improve patient outcomes.  All the other potential roles that biomarker tests can play in drug 
development and research design are viewed as important by payers, but coverage determinations 
will be determined by insurers’ assessment of whether the evidence is adequate to demonstrate 
that all the step-by-step links in the analytic framework are fulfilled, and that the use of a diagnostic 
test will improve patient outcomes.   
 
How will insurers judge whether the body of evidence on a particular diagnostic test is “adequate”?  
As discussed earlier, this standard will be more difficult to meet in the current era of treatments 
with limited effectiveness.  But even in an alternative future scenario in which treatments are 
developed with substantial positive benefits, insurers will require that the clinical utility of 
diagnostic tests be adequately demonstrated.  First, insurers will consider whether the test comes 
under the jurisdiction of the FDA and, if so, they will be extremely unlikely to provide coverage 
unless the FDA has approved the test.  Even if the FDA has approved the test, however, this will 
provide no guarantee of coverage by insurers.  FDA approval of diagnostic tests, particularly if the 
underlying technology is based on imaging techniques that have been approved in the past, may 
not require clinical trials in order to receive approval through the 510k pathway (FDA, 2004).  Even 
if the FDA has required one or more clinical trials, the trials may be trials of diagnostic performance 
only, with no requirement to evaluate outcomes related to diagnostic impression, subsequent 
diagnostic or therapeutic actions, or patient outcomes.  For example, the FDA recently approved 
florbetapir, the new radiopharmaceutical agent used in conjunction with positron-emission 
tomographic (PET) imaging of the brain in cognitively impaired adults undergoing evaluation for AD 
and other causes of cognitive decline (Yang, 2012).  As FDA staff wrote in an article describing the 
rationale for their regulatory approval of florbetapir, “the FDA did not require clinical data assessing 
the effect of florbetapir imaging on clinical management or patients' health.  The FDA code of 
regulations (in 21 CFR 315.5[a]) mandates that the effectiveness of a diagnostic 
radiopharmaceutical agent should be determined by an evaluation of the ability of the agent to 
provide useful clinical information related to the proposed indications for use.  FDA guidance 
further recognizes that imaging information may in some instances ‘speak for itself’ with respect to 
clinical value and that diagnostic approval may therefore not require assessment of the effects on 
clinical management or health outcomes” (Yang, 2012).  
 
Insurers will not apply this same evidentiary threshold when making coverage determinations.  
Evidence linking diagnostic performance to the impact on patient outcomes will be necessary.  In 
the absence of more effective treatments for AD, it will be difficult to demonstrate that existing or 
new diagnostic tests improve patient outcomes.  Studies could be conducted to evaluate whether 
positive test results provide some advantages in patient/family planning, but this type of benefit 
has not been routinely judged a “health” benefit by insurers in the past.  But what about the 
possible clinical benefits of a negative test result?  In order to judge the clinical benefits of negative 
test results insurers would expect that real-world studies measure the impact of negative test 
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results on subsequent diagnostic testing and treatment decisions.  The possible benefits of a 
negative test result include: 

 Reduction in the number of patients begun on AD treatments, potentially reducing harms 
and costs from unnecessary medication use. 

 Ability to identify patients currently on AD treatments who can be taken off treatment, 
thereby potentially reducing treatment-related harms and costs. 

 More targeted use of additional diagnostic evaluations that may identify other causes of 
dementia more rapidly, potentially improving outcomes, reducing risks, and/or reducing 
costs.  Clinical scenarios that may suggest this benefit include but are not limited to: 
1. Patients presenting with a small cerebral hemorrhage that may be due to amyloid 

angiopathy.  A negative AD diagnostic test would suggest the need for an angiogram in 
order to identify a treatable surgical aneurysm. 

2. Patients meeting criteria for MCI/early AD but who have an unusual presentation.  A 
negative AD test would quickly trigger alternative diagnostic evaluations. 

3. Patients presenting with dementia and signs somewhat suggestive of normal pressure 
hydrocephalus (NPH).  A negative AD diagnostic test would lead to further evaluation 
for NPH, a treatable condition. 

 Patients presenting with complaints from self or family of possible early MCI.  A negative 
test result would lead to reassurance and possible improved quality of life. 

 
In considering the potential benefits of negative test results, insurers will want studies that can 
measure not only benefits but potential harms as well.  The possible harms of a negative test result 
include: 

 The possibility that the negative test is a false negative result.  A false negative result may 
lead to false reassurance and a failure to seek other diagnostic testing for treatable causes. 

 Alternatively, false negative results could lead to aggressive additional diagnostic testing 
with attendant unnecessary harms and costs. 

 Negative test results may incur costs and some risks while not changing treatment 
decisions in an era of treatments with limited effectiveness. 
 

Even when the clinical value of a diagnostic test is assumed to lie primarily in the ability of a 
negative test result to exclude AD as a possible diagnosis, evaluation of the net health benefit of the 
test must take into consideration the potential benefits and harms of positive tests, including false 
positive tests, as well.  In the current era of minimally-effective treatments, the burden will be 
much higher to show robust evidence that diagnostic test results convey overall net health benefits.  
Thus insurers will want to see randomized controlled trials in which a diagnostic test is used as it 
would be in clinical practice among representative patient populations and clinicians.  All patients, 
including those with indeterminate findings, should be followed long enough to measure and 
compare the impact of the diagnostic test on subsequent diagnostic and therapeutic actions.  
Studies long enough to evaluate the ultimate impact on long-term patient outcomes are not 
feasible, but robust studies on downstream diagnostic and therapeutic actions will be necessary to 
help insurers judge whether the body of evidence is “adequate” to demonstrate a positive impact 
on patient outcomes.     
 
Looking to the future, the evidence on the impact on patient outcomes of diagnostic tests for AD, 
particularly biomarkers, will emerge from the incorporation of biomarkers in pivotal trials of new 
therapeutic agents.  Although enrichment and marker-by-treatment-interaction designs will embed 
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biomarker test results into the design of these trials, there are still important study characteristics 
that will be looked at carefully by insurers should the studies demonstrate “positive” treatment 
results.  First, how representative are the patients?  Patients recruited into these trials should be as 
representative as possible of the broader patient population who will be considered for treatment, 
and therefore diversity in age, sex, ethnic background, and clinical comorbidities will be important 
in order to support claims for the generalizability of study results. 
 
Second, biomarker tests that are used, particularly those used as eligibility criteria in enrichment 
designs, should be tests that already have robust evidence of their standardization and reliability in 
the clinical community.  If this is not the case, then it will be very difficult to have confidence that 
any evidence of positive treatment benefit among marker-positive patients will occur when the 
tests are used in real-world clinical practice. 
 
Third, it will be important for all clinical studies involving biomarkers to include the outcomes of 
patients with borderline, indeterminate, or conflicting test results.  Data on these patients are 
needed in order to gain a full picture of the potential impact of introducing the test into wider use 
in the clinical community.   
 
Finally, researchers and manufacturers should always remember that the underlying question about 
the evidence on diagnostic tests for AD will remain whether meaningful patient outcomes are 
shown to improve with treatment linked to test results.  Outcomes must be patient-relevant, 
clinically significant, and of meaningful duration.  These outcomes include cognitive function 
impacting abilities of patients to perform daily activities; institutionalization; quality of life; and 
mortality.  Technology assessment groups and insurers will be aware that some of these outcomes 
will not be relevant or feasible in studies of drugs to delay or modify the course of AD in pre-
symptomatic patients.  Biomarkers may therefore need to be used as surrogate outcome measures, 
but in order to be recognized as valid surrogate outcomes there must be evidence of a strong, 
independent, and consistent association between the treatment-induced change in the biomarker 
and the meaningful clinical outcome measure (Baker, 2003; Fleming, 1996).  None of the existing 
AD biomarkers have yet been shown to meet these criteria, so the work of gaining evidence linking 
biomarker evolution with clinical outcomes must continue, both within enrichment and marker-by-
treatment-interaction designs and through large, population-based natural history studies. 
 
Although the first studies of successful therapeutic agents that will automatically validate some 
biomarker profile as diagnostic of “treatment-responsive” AD will be randomized controlled trials, 
subsequent studies of additional biomarkers or other diagnostic approaches may take the form of 
retrospective analyses as discussed earlier in the section on biomarker validation study designs.  In 
addition, some assessments of alternative diagnostic approaches to “gold standard” biomarker 
approaches may be done through combinations of rigorous assessments of diagnostic performance 
and modeling studies that evaluate the potential longer-term impact on treatment decisions and 
patient outcomes.  In all these cases technology assessment groups and insurers will look for 
studies that are designed to avoid the possibility of a statistical hunting expedition for positive 
findings.  Evaluators will cast a wary eye on studies that ignore outcomes linked to incorrect and 
indeterminate test results, extrapolate optimal test performance from results obtained among 
select clinicians and patient groups, or assume that test information is automatically applied 
appropriately in all situations.  Ultimately, insurers will judge as “adequate” only a cumulative body 
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of evidence that provides firm evidence of the overall beneficial impact of diagnostic testing on 
significant patient outcomes. 
  

What Insurers Will Be Looking For:  Evidence on Value 
The most important consideration for insurers in the United States will be determinations of the 
clinical utility of diagnostic tests for AD.  However, even though insurance coverage determinations 
in this country are not driven directly by considerations of economic impact, any time there are 
significant costs involved in the adoption of a new test or treatment, evidence on the “value” of a 
new intervention is weighed in the overall judgment of how medical policy should be framed to 
maximize potential benefits of the intervention while minimizing both patient risks and overall 
costs.  Since diagnostic testing for AD may involve expensive tests such as imaging and/or 
radionuclide tests, and since future therapies for AD may themselves be quite expensive, certainly 
on the cumulative, population-based level, evidence on value should be included as a goal of the 
research agenda for AD diagnostics.    
 
There is wide variation in the approach to evaluating “value” by insurers, both within the US and 
internationally.  For some international insurers and health systems the usual metric with which to 
judge value is the incremental cost of a new service divided by the net health gain it provides.  The 
most common form of this type of metric is the incremental cost per quality-adjusted life year 
(QALY).  But the cost per QALY is rarely used in the US in either medical service or pharmaceutical 
coverage decisions.  And for diagnostic tests, estimating a cost per QALY usually requires 
hypotheses of long-term outcomes and their impact on length and quality of life that can be 
extremely uncertain given the short-term data usually available on the impact of diagnostic tests in 
clinical practice.   
 
Thus in the US insurers will be more likely to favor evidence on value that captures several short-
term aspects.  First, insurers will use incremental cost information linked not to long-term quality-
adjusted life years but to more tangible short-term results.  For example, insurers are likely to 
welcome evidence comparing the “cost per additional true positive result” for a test with a superior 
specificity than another test, or the “cost per avoided false negative test” for a test with superior 
sensitivity. 
 
Second, although nearly all insurers will be interested in the price of the test itself and in 
comparisons of incremental costs for short-term diagnostic performance outcomes, they will also 
want to see evidence on the comparative costs of the entire “diagnostic pathway” introduced by a 
new diagnostic test.  Evidence of the entire diagnostic pathway would include the costs for all 
clinician visits, test, and treatments up to the point when a diagnosis is made.  In order to be useful 
in judgments of comparative value, the costs of the new diagnostic pathway would need to be 
compared directly to the costs of the diagnostic pathway in “usual care.”  Real-world costs of this 
type will not come from pivotal clinical trials of new therapeutic agents but the data from these 
trials could be used to create simulation models that can provide estimates of the comparative 
overall costs. 
 
In the current era in which existing therapies for AD are very inexpensive, insurers will be interested 
in the costs attributed directly to any new diagnostic tests.  But if new, more expensive treatments 
are developed, the costs of the diagnostic pathway should be extended to include the downstream 
costs of the initial treatments that are triggered by the testing.  Insurers will be looking for evidence 
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that includes the experience and cost associated with false positive, false negative, and 
indeterminate results as well.   
 
Through assessment of the comparative value of different diagnostic pathways insurers will be able 
to determine whether an expensive test creates cost offsets by limiting the use of other diagnostic 
testing and/or by narrowing the number of patients viewed as appropriate for treatment with 
expensive therapies.  Today a diagnostic test that costs $2,000 would be viewed as low value given 
the limited impact on treatment costs and patient outcomes.  But if a new, more effective therapy 
emerges at a cost of $20,000 per year, it is quite possible that insurers will judge a diagnostic test 
that costs $2,000 as high value if it more accurately targets a smaller set of patients who are most 
likely to benefit from treatment. 
 
The evidence on comparative value is likely to require a combination of data from short-term 
clinical trials and estimates based on simulation models.  Given the increased uncertainty 
introduced by the limitations of these techniques, insurers will look for studies and analyses 
performed by independent investigators that have a high degree of transparency, including the 
ability to replace Medicare or other generic cost data with insurer-specific costs in the simulation 
models.  Insurers will also hope to find models of cost impact that evaluate the differential impact 
of using a new diagnostic test in populations with varying AD prevalence so that they can fully 
understand the potential clinical and economic impact of the test when used in populations with 
different underlying rates of “true” disease. 
 
As stated earlier, considerations of economic impact and comparative value do not play a role in the 
evaluation of evidence on clinical effectiveness, nor do they drive coverage determinations.  But it is 
essential that insurers understand the potential clinical and economic trade-offs involved in using a 
diagnostic test in different patient populations, for looking at both sets of information may guide 
their thinking in determining appropriateness criteria or other medical policies intended to 
maximize the appropriate, cost-effective use of a new medical technology.  
 
 

What Insurers Will Be Looking For: Contextual Considerations 
Even after considering the evidence on clinical effectiveness and comparative value, insurers must 
also integrate other potential “contextual” considerations into the decision-making leading to a 
coverage determination.  Contextual considerations can include a wide range of other issues, 
including the following:  

 Guidelines and other opinions of professional clinical societies 

 Precedents set by prior coverage determinations for similar technologies/conditions 

 Coverage determinations of other insurers 

 Relative ability to “manage” the introduction of the new diagnostic test in order to 
maximize its appropriate use through identification of the service in claims data and 
application of medical management policies 

 Patient advocacy 

 Legislative coverage mandates 

 Relative degree of financial risk shared with globally budgeted entities such as Accountable 
Care Organizations  

 Legal and ethical considerations 
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Any number of these issues could be viewed as salient in a coverage determination for a new 
diagnostic test for AD.  Insurer rationales for coverage determinations should be transparent and 
explicit when any of these considerations affects the final decision.    
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Recommendations for Future Research and 
Research Design 
 

Based on this perspective on evidence held by technology assessment groups and insurers, and the 
earlier overview presented in this white paper on the state of evidence regarding AD diagnostic 
tests, the current paradigm for the pathophysiology of AD, and the study designs that can be 
considered in the validation of biomarkers, we now present a set of targeted recommendations for 
the development of further research that will help generate the type of evidence that can meet all 
relevant evidentiary standards.  Included here are recommendations intended to frame all types of 
research needed to establish on more solid ground our understanding of the relationship between 
diagnostic tests and the course of AD, as well as recommendations focused on clinical trial design of 
studies designed to measure the effectiveness of test-and-treat strategies for AD. 
 

Broad Research Agenda Recommendations 
 

1. In the current era of AD treatments of limited effectiveness, randomized controlled trials 

should be performed to evaluate diagnostic tests with potential overall net health 

benefits.  Given the limited clinical benefit of current treatments, any claims that diagnostic 

tests provide overall net health benefits will need to be supported by results from rigorous 

randomized controlled trials of the use of a new diagnostic approach in clinical practice.  

Insurers will want to see randomized controlled trials in which a diagnostic test is used as it 

would be in clinical practice among representative patient populations and clinicians.  All 

patients, including those with indeterminate findings, should be followed long enough to 

measure and compare the impact of the diagnostic test on subsequent diagnostic and 

therapeutic actions.  Tests that do not impact these outcomes and only provide some form 

of “prognostic” information are unlikely to be viewed as contributing substantially to overall 

net health benefit.  Studies long enough to evaluate the ultimate impact on long-term 

patient outcomes are not feasible, but robust studies on downstream diagnostic and 

therapeutic actions will be necessary to help insurers judge whether the body of evidence is 

“adequate” to demonstrate a positive impact on patient outcomes.     

 

2. Develop a framework for assessing the social and economic impact of diagnosis of pre-

clinical AD.  As described previously, there are limited data suggesting that the effects of 

early diagnosis in AD and similar conditions on anxiety/stress, financial planning, 

relationships, etc. are relatively short-lived.  However, there is also recognition that the 

science on the “psychic value” of testing is relatively early in its evolution.  Research is 

needed to develop better instruments for capturing psychological and family-related 

outcomes related to receiving test results.  Studies on therapeutic agents should seek to 

evaluate these outcomes when subjects’ biomarker results will not be blinded.     
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3. Looking to a future when there are more effective treatments for AD, continue to conduct 

biomarker studies in selected populations as well as in large population-based cohorts to 

evaluate the natural history of AD as well as the prognostic value of multiple 

combinations of neuropsychological testing and biomarkers.  While prospective cohort 

studies (e.g., Alzheimer’s Disease Neuroimaging Initiative) that have recruited convenience 

samples of patients are ongoing to evaluate the performance of multiple biomarkers, there 

remains a need to conduct large, more broadly representative cohort studies to evaluate 

the correlation of various neuropsychological tests and biomarkers (including imaging) with 

the development of cognitive symptoms and progression of cognitive decline in AD.  It may 

well be that, as with coronary artery disease, there are multiple risk factors for cognitive 

decline, and longitudinal cohort studies are the best way to gain deeper understanding into 

how best to identify patients at greatest risk and those most likely to benefit from active 

intervention.  Advances in the prognostic value of neuropsychological testing have been 

observed; these tests should therefore be included in all studies and not minimized in favor 

of more invasive and expensive biomarker tests.  Populations considered should represent 

the spectrum of individuals at risk for AD, including individuals with no cognitive symptoms, 

those with MCI, and individuals at varying stages of dementia.  Special consideration should 

be made to oversample populations typically underrepresented in these studies, such as 

those of certain racial or ethnic backgrounds as well as persons with lower socioeconomic 

status and educational attainment. 

 

4. Develop consensus standards for biomarker test deployment and interpretation.  The 

performance of any biomarker test or combination will be severely hampered by a lack of 

standards for how the test should be performed as well as for evaluation and interpretation 

of test results.  For example, in a recent meta-analysis, 89% of the heterogeneity across 

studies of CSF testing of amyloid-β and tau was found to be due to different cutoffs for 

positivity across studies (Bloudek, 2011).  For imaging tests, standards could be developed 

to address concerns such as test duration, protocols for reducing motion artifacts and 

limiting radiation exposure, minimum image resolution, etc.  Many of these standards will 

require participation by industry to agree on procedures for image-building in scanner 

software and other related concerns; the Quantitative Imaging Biomarkers Alliance (QIBA) 

of the Radiological Society of North America can play a key role in gaining consensus across 

stakeholders.  For laboratory tests, standards could be developed around specimen 

collection and storage, laboratory processing, threshold for positivity, etc., with the 

recognition that values may change as more is discovered about the correlation between 

test results and disease progression. To this point, a new study, funded through the NIH and 

with manufacturer support, will focus on harmonization of image reconstruction among 

different PET/CT vendors in an effort to decrease variability in quantitative imaging results 

(Paul Kinahan, PhD, personal communication, October 25, 2012).  While the study will 

initially focus on imaging to target cancer therapeutics, the methodology is expected to 

have applicability to multiple disciplines. 
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5. As certain biomarkers gain validation for use as predictive of progression of disease, it will 

be important to study their predictive accuracy across the full spectrum of AD.  If the first 

AD biomarkers gain validation based on their predictive accuracy in MCI or early AD, it 

cannot be assumed that they serve equally well as predictors of progression or of treatment 

response in later stages of the illness.  Biomarkers will therefore need to be tested among 

patients across the spectrum of AD. 

 

6. In studies that have used positive biomarker tests as inclusion criteria (enrichment design 

studies), include in baseline tests other potential biomarkers that can also be evaluated 

(nested marker-by-treatment-interaction studies).  Ideally, always include additional test 

options that would be simpler, more accessible, and less expensive than the “gold 

standard” set of biomarkers used to qualify for inclusion.  While CSF- and imaging-based 

biomarkers show promise in AD diagnosis, there are challenges to their use in typical clinical 

practice.  Access to PET scanners may be limited, for example, as they are not uniformly 

distributed across the country.  In addition, collection of CSF is a` procedure that is not 

without potential harm to the patient.  Development of inexpensive early-detection tests 

highly accessible through primary care providers would be of interest to patients, clinicians, 

and insurers.  Evidence on such potential “first-line” diagnostic alternatives should be 

sought within pivotal trials assessing “gold standard” biomarkers.  The most highly prized 

diagnostic performance characteristic of a first-line diagnostic would be reliably high 

negative predictive value to be able to exclude illness.  High specificity would obviously be 

preferred as well, but in a population-based diagnostic strategy it would not be 

unreasonable to accept lower specificity and to send only those patients with positive 

findings on first-line testing for further tests that have higher specificity.    

 

7. Given that diagnostic testing for AD may involve expensive tests such as imaging, 

radionuclide tests, and CSF biomarkers, and that future therapies for AD may themselves 

be quite expensive, certainly on the cumulative, population-based level, evidence on 

comparative value should be included as a goal of the research agenda for AD diagnostics.  

Evidence on comparative value is likely to require a combination of data from short-term 

clinical trials and estimations based on simulation models.  Given the increased uncertainty 

in the results introduced by the limitations of these techniques, insurers will look for studies 

and analyses performed by independent investigators that have a high degree of 

transparency, including the ability to replace Medicare or other generic cost data with 

insurer-specific costs in the simulation models.  Insurers will also hope to find models of 

cost impact that evaluate the differential impact of using a new diagnostic test in 

populations with varying AD prevalence so that they can fully understand the potential 

clinical and economic impact of the test when used in populations with different underlying 

rates of “true” disease. 
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8. Given that many important clinical and economic outcomes occur years after diagnostic 

testing, a broad research agenda will benefit from the use of simulation modeling 

(decision analysis).  Modeling can be very useful in combining high quality data gathered in 

observational studies with data from RCTs to determine where major sources of uncertainty 

exist and the magnitude of their relative contribution to key patient outcomes.  

 
 

Trial Design 
 

1. Design clinical trial protocols to enhance the generalizability of results to typical clinical 

practice.  Even in a well-conducted enrichment design study the direct linkage of biomarker-

based efficacy data from the trial to effectiveness in clinical practice will not be clear if a) 

alternative diagnostic criteria to identify the population for testing are used in clinical 

practice; and/or b) additional patients are considered eligible for treatment based on more 

generous thresholds for a “positive test result” (e.g., lower levels of amyloid-β on PET 

imaging than used in the trial).  While the preference would be to use study entry and 

treatment criteria that could be replicated at all levels of clinical practice, it might also be 

acceptable to conduct sensitivity analyses on diagnostic accuracy in a broader population to 

evaluate the potential impact on patient outcomes. 

 

2. Use a common set of consensus-based diagnostic test measurement thresholds and 

patient outcome measures.  In order to evaluate biomarker and neuropsychological test 

results as potential diagnostic tests it will be helpful for the research community to arrive at 

common definitions of “positive” and “negative” test thresholds.  Similarly, future trials, 

particularly large studies of asymptomatic, at-risk individuals, should use a common core set 

of consensus-driven measurement instruments for cognitive and functional outcomes.  By 

using a common core set of outcome measures, applied at the same time points, the results 

of multiple studies will be able to be synthesized and evaluated more effectively.  Outcome 

measures for each trial will need to be tailored to the expected mechanism of action of the 

active agent, and therefore outcome measures will not be entirely uniform, but a common 

core set will facilitate comparison of data across studies necessary for comparative 

effectiveness reviews of alternative diagnostic approaches.  Standards should be set for the 

use of the test, interpretation of results, instruments to be employed for measuring 

cognitive and other outcomes, the frequency of measurement, the duration of follow-up, 

and other such concerns, in order to combine and compare data from multiple studies.  

There are no absolute criteria by which to select a single “best” outcome measure for 

various cognitive and other outcomes; indeed, determining neuropsychological cultural 

equivalence across different populations will be challenging.  This process will therefore 

require broadly-constituted consensus methods, ideally convened and managed by an 

independent and trustworthy entity such as the National Institutes of Aging. 
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3. Complement unusual enriched populations in early studies with studies that enroll 

representative patient populations in order to enhance the generalizability of results to 

real-world clinical practice. Studies have been initiated in populations with rare genetic 

mutations (e.g., DIAN, API) that put them at much higher risk of AD and which may not 

reflect the same underlying pathophysiological process as spontaneous AD in the general 

population.  Direct extrapolation of the risks and benefits of testing and treatment from 

unusually enriched population studies to patients in broader populations is not 

recommended.  Instead, positive results from enriched population studies should be used as 

a springboard toward attempts to replicate study results in more generalizeable study 

populations. 

 

4. Broaden the potential treatment population in trials.  Manufacturers may be tempted to 

use highly selective entry criteria to identify a narrow “pure” cohort of patients most likely 

to have AD.  However, if the treatment is shown to be effective, there will be pressure from 

clinicians, patients, and other stakeholders to use the treatment in patients whose MCI or 

dementia is less well characterized.  It will therefore be helpful to attempt to address this in 

trial design by including patients with “mixed” forms of dementia.  Subgroup analyses could 

be pre-specified to assess whether the treatment appears to work in multiple populations.  

This would be preferable to having stakeholders guess at efficacy beyond the pure cohort if 

the trial population was more limited.  

 

5. For effective therapeutic agents developed through enrichment designs, consider further 

analyses to evaluate whether the original enrichment criteria were so narrow that less 

stringent enrichment criteria might identify many other patients who would benefit from 

treatment.  Because enrichment designs will be predominantly used in secondary 

prevention trials, when a successful therapeutic agent is found the diagnostic quandary will 

be whether to generalize the diagnostic criteria to include other patients who may not meet 

fully the original enrichment standard.  For example, early phase proof-of-principle studies 

may benefit from enrolling only the most highly selected AD study samples in which both 

CSF and PET-amyloid biomarker features are present.  If positive treatment results were 

found for patients with this profile it would still provide no information on the response to 

treatment of patients who had one or the other but not both of these biomarkers.  Thus 

strict enrichment designs maximize the specificity of the enrichment/diagnostic criteria for 

AD but impose a potentially substantial loss of sensitivity that would need to be re-

addressed in later stages of clinical studies.  Understanding how other, broader sets of 

diagnostic criteria “fit” with enrichment criteria will be very important, and where feasible, 

a follow-on marker-based strategy design may be appropriate to compare the enrichment 

criteria to another (more broad) diagnostic strategy, or to conduct subsequent enrichment 

studies with expansive entry criteria.    
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When follow-on prospective studies are felt to be impractical due to their duration it may 

be feasible to provide a supplementary “linked evidence” approach so that indirect 

comparisons can be made of the diagnostic accuracy of biomarker vs. standard or other 

diagnostic strategies, although resulting patient outcomes from these alternatives will only 

be estimates.  For example, an indirect approach might involve linking evidence from 

studies of test accuracy vs. the current standard with data suggesting that the test result 

changes treatment practice.  Note that a fully-linked evidence approach will only be 

meaningful when it is clinically feasible to link the multiple sets of data—in other words, the 

evidence for the proposed test and the evidence for the proposed treatment have been 

generated in similar patient populations.  If the test identifies patients earlier or with a 

different spectrum of disease than the patients in whom the drug has been tested, then it is 

not clinically sensible to link this evidence.  In such circumstances direct evidence is needed.   

 

6. Retrospective assessment of a prognostic biomarker can only be done using data from 

well-conducted randomized controlled trials and with prospectively stated hypotheses, 

analysis techniques, and patient populations, with a pre-defined and standardized assay 

and scoring system for “positive” results.  In other words: data mining should not be done 

to search retrospectively for combinations of clinical characteristics and biomarker results 

that are correlated with positive treatment outcomes.  Prospective clinical trials are the 

“gold standard” approach to validate a predictive biomarker, and both enrichment designs 

and marker-by-treatment-interaction designs can provide high quality evidence.  Even 

within prospective marker-by-treatment-interaction designs, however, it may be tempting 

to use statistical methods to search for combinations of biomarkers that are correlated with 

positive treatment outcomes.  When old samples from previous RCTs exist, it may also seem 

prudent to test new hypothetical biomarkers by returning to these samples and 

retrospectively determining whether they were associated with positive treatment 

outcomes.  Any such attempt at retrospective biomarker validation should only use data 

from well-conducted RCTs as opposed to a cohort or single-arm study, as it assures that the 

patients who were treated with the drug for whom the marker is purported to be predictive 

are comparable to those who were not (Mandrekar, 2009).   Retrospective analyses of 

potential biomarker combinations can always be done to generate hypotheses, but 

validation requires either new prospective studies (preferable), or at a minimum, the use of 

data from RCTs in which there were prospectively stated hypotheses, analysis techniques, 

target patient populations, and pre-defined assays and scoring systems for thresholds that 

determine “positive” biomarker test results.  If validation analyses meet these criteria and, 

importantly, if results can be replicated across multiple studies, populations, and databases, 

then technology assessment groups and insurers are likely to have confidence in the  

retrospective validation of a biomarker as a diagnostic and/or prognostic tool. 
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7. Consider clinically-equivalent but lower-cost diagnostic strategies in translating trial 

results to clinical practice.  As mentioned previously, the biomarkers currently under 

investigation may pose challenges in broader populations because of limited access, cost, 

invasiveness, or other concerns.  Wherever possible, more accessible and lower-cost 

alternatives to the “gold standard” approaches used in clinical trials should be included in 

pivotal trials and in subsequent studies.  However, if the treatment examined poses a risk of 

significant toxicity, any alternative diagnostic strategy that involves a specificity tradeoff 

(i.e., higher rates of false positives) will need to be tested prospectively before such a 

strategy can be put into practice.  For example, several biomarkers are currently being 

examined in both plasma and CSF, but current evidence is equivocal regarding the links 

between them.  Further research is needed to establish the links between changes in 

plasma-based and CSF measures to validate use of the former in a diagnostic strategy. 
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APPENDIX A:  Potential Conflicts of Interest and Other Influences on Judgment 
 

PDG Participant Name Potential COI/Other Influences 
Mark Bondi, PhD, ABPP/CN No conflicts 

 

Robin Cisneros No conflicts 
 

Joshua T. Cohen, PhD Consultant to Pfizer, Inc.; involved in project work funded by 
Janssen Pharmaceuticals, Inc. 
 

Michele DiPalo Director of Health Services Evaluation for Blue Cross/Blue 
Shield of Massachusetts 
 

Howard Feldman, MD, FRCP Consultant to Pfizer, Inc.; Novartis AG; and GlaxoSmithKline 
PLC.  Former employee of Bristol-Myers Squibb Co. 
  

G. Scott Gazelle, MD, MPH, PhD Consultant to GE Healthcare, Inc. 
 

David Holtzman, MD Co-founded C2N Diagnostics and is on the Scientific Advisory 
Board of C2N Diagnostics.  Consultant to Astra Zeneca, Bristol-
Myers Squibb, and Genentech 
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Janssen Pharmaceuticals, Inc. 
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in dementia and neurodegenerative disease 
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APPENDIX B:  Studies of Diagnostic Impression 
 

Author Year Study Design Treatment 
Arms 

Diagnostic Criteria 
(Gold Standard) 

Disease 
Severity 
(at 
baseline) 

Interventions/ 
Assessments 

Procedure Threshold for 
positivity 

Findings 

Foster NL 2007 Retrospective 
cohort 

AD, n=31 
FTLD, n=14 
Controls, 
n=33 

Neuropathological 
criteria (NIA-
Reagan) 

AD 
MMSE: 
14.0 ± 
8.7 
range, 
0-27 

Comparison of 
clinical and 
imaging diagnoses:  
 
(1) clinical scenario 
(2) symptom 
checklist 
(3) 1 + 2 
(4) transaxial FDG-
PET 
(5) SSP FDG-PET 
 

Evaluation by 6 
neurologists of 
each approach & 
of adding FDG-PET 
to clinical 
approaches 

(1) Scan 
abnormality 
(overall) 
(2) Abnormal 
metabolism  
(3) Symmetry 
between 
hemispheres 

SSP FDG-PET superior 
to clinical evaluation; 
adding FDG-PET to 
clinical diagnosis 
increased diagnostic 
accuracy and 
confidence, 
particularly in cases 
of clinical uncertainty 
(71 to 90%) 

Heckemann 
RA 

2008 Retrospective 
cohort 

AD, n=7 
Normal 
controls, 
n=7 
Reference 
cohort 
(normal 
study 
subjects), 
n=22 

Clinical criteria 
(NINCDS-ADRDA) 

NR Evaluation of MRI 
data using grey-
scale images 
initially, followed 
by use of a size 
rank color overlay 

Review by  
neuroradiologist 
and general 
radiologist 
diagnostic 
confidence 
recorded after 
grey-scale, then 
color overlay  

NR Color overlay was 
useful in 18 of 28 
cases; significant 
impact of color 
overlay on diagnostic 
confidence(p<0.02) 
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Author Year Study Design Treatment 
Arms 

Diagnostic Criteria 
(Gold Standard) 

Disease 
Severity 
(at 
baseline) 

Interventions/ 
Assessments 

Procedure Threshold for 
positivity 

Findings 

Kester MI 2010 Prospective 
cohort 

AD, n=47 
MCI, n=18 
Other 
dementia, 
n=26 
No 
dementia, 
n=18 

Clinical criteria 
(NINCDS-ADRDA, 
Petersen) 

AD 
MMSE: 
22 ± 5 
MCI 
MMSE: 
25 ± 3 

Use of CSF 
biomarkers when 
combined 
w/clinical diagnosis 

Clinical diagnosis 
first made by 
consensus of 
multidisciplinary 
team; separate 
clinician 
interpretation of 
CSF results (no 
knowledge of 
clinical diagnosis) 
 

Abnormal 
cutoff levels: 
CSF-tau >375 
pg/ml 
CSF-Aβ42 
<550 pg/ml 
CSF-ptau-181 
>52 pg/ml 

After receiving CSF 
profiles, 10% of 
diagnoses changed 
and clinicians 
became 32% more 
confident in AD 
diagnosis (from 51% 
to 83%) 
 

Raji CA 2010 Retrospective 
analysis of 
prospective 
cohort 

AD, n=13 
Normal 
cognition, 
n=19 

Clinical criteria 
(NINCDS-ADRDA) 

Probable 
AD 
Modified 
MMSE: 
88.9 ± 
6.31 
range, 
76-97 

Evaluation of CASL 
and SGPR MRI data 
(perfusion and 
volume changes) 

4 neuroradiologists 
evaluated scans as 
"normal" or 
"abnormal" based 
on separate sets of 
criteria  for 
perfusion and 
volume 

Not explicitly 
stated 

Inter-rater reliability 
was superior w/CASL; 
CASL MR data had 
higher mean 
sensitivity (85%) and 
accuracy (70%); 
Significant 
association between 
confidence and 
correct classification 
w/CASL in 3/4 
readers 
 

Abbreviations: AD: Alzheimer’s disease; CASL: continuous arterial spin labeling; CSF: cerebrospinal fluid; FDG: fluorodeoxyglucose; FTLD: frontotemporal lobe dementia; 
MCI: mild cognitive impairment; MMSE: mini-mental state examination; MRI: magnetic resonance imaging; NIA: National Institute on Aging; NINCDS-ADRDA: National 
Institute of Neurological and Communicative Disorders and Stroke - Alzheimer’s Disease and Related Disorders Association; PET: positron emission tomography; SPGR: 
spoiled gradient recalled; SSP: stereotactic surface projection 
 
NOTE: Grundman, in press will be incorporated into this table when available online
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APPENDIX C: Ongoing Clinical Studies (Phase II, III and IV) 
 

ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01325259 University Hospital, 
Tours 

Apr. 2009 – 
Dec. 2012 

2 
 

Clinical 
evaluation of 
[18F]AV-45 PET 
with FDG-PET, 
MRI and 
neuropsycho-
logical 
assessment 

N=65 
 
No cognitive 
impairment, 
n=15 
 
MCI, n=20 
 
AD, n=30 

Clinical 
diagnosis 

Inclusion 
1) Age ≥ 60 years 
2) AD diagnosis (NINCDS-
ADRDA) or amnesic MCI 
diagnosis 
3) MMSE >18 and ≤ 28 for 
MCI/AD patients 
4) Controls, MMSE ≥ 28 
5) Study period > 7 years 
6) French as native language 
 
Exclusion 
1) History of alcoholism 
2) Diabetes 
3) Hypertension (≥ 180/100) 
4) Chronic pulmonary 
disease 
5) Cranial trauma with LOC > 
15 min. 
6) Severe depression or 
anxiety 
7) History of psychiatric 
disease 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primary 
Standard uptake value ratios in 
specific regions of interest 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01238458 Chang Gung Memorial 
Hospital 

Nov. 2009 – 
Jun. 2012 

2 Clinical 
evaluation of 
Florbetapir F 18 
(18F-AV-45) 

N=150 
 
Cognitively 
normal, n=30 
 
MCI, n=60 
 
AD, n=60 

Clinical 
diagnosis 

Inclusion 
1) Age ≥ 50 years 
2) Cognitively normal 
patients, MMSE > 24 
3) AD diagnosis by NINCDS-
ADRDA criteria 
4) MCI diagnosis, undefined 
 
Exclusion 
1) Current or planned 
pregnancy 
2) Modified Hachinski score 
> 4 or evidence of vascular 
dementia (NINDS-AIREN 
criteria) 
3) Clinically significant 
abnormal lab values and/or 
medical or psychiatric illness 
4) History of drug/alcohol 
abuse 
5) Evidence of 
neurodegenerative disease 
other than AD, cognitive 
impairment from trauma, 
brain damage, brain 
infarction, epilepsy, 
clinically significant 
psychiatric disease 
 
 
 
 
 
 
 
 
 
 
 

Primary 
Expansion of database of 
[18F]AV-45 PET imaging in AD 
and MCI for definition of a 
positive scan, over 1 year 
 
Secondary 
Expansion of safety database of 
[18F]AV-45 PET imaging with 
respect to adverse event count, 
lab parameters, vital signs and 
ECG 
 
Prevalence of Aβ positivity in 
AD and MCI patients 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01020838 Bayer Nov. 2009 – 
Aug. 2014 

3 Clinical 
evaluation of 
Florbetaben 
(BAY 94-9172) –  
single injection 

N=216 Postmortem 
diagnosis 

Inclusion 
1) Age ≥ 21 years 
2) Willingness to donate 
brain for examination in 
case of death 
 
Exclusion 
1) Current or planned 
pregnancy 
2) Severe cerebral 
macrovascular disease or 
brain tumor 
3) Severe cardiovascular 
instability requiring ICU care 
and/or therapeutic 
intervention 

Primary 
Sensitivity and specificity of 
visual assessment of tracer 
uptake, on Day 1 – one 
scanning period after injection 
 
Secondary 
Sensitivity and specificity of the 
composite “whole brain” 
regional visual assessment in 
detecting/excluding cerebral β-
amyloid plaques 
 
Sensitivity and specificity of 
quantitative assessment of 
regional tracer uptake in 
BAY94-9172 PET images 
 
Sensitivity and specificity of 
visual assessment of BAY94-
9172 images on the subject 
level in detecting/excluding 
cerebral β-amyloid 
 
Safety and tolerability of a 
single dose of BAY94-9172, over 
8 days 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01028053 GE Healthcare Dec. 2009 – 
Jan. 2013 

3 Clinical 
evaluation of 
Flutemetamol 
(18F) injection 

N=225 
 
Patients with 
aMCI 

Clinical 
diagnosis 

Inclusion 
1) Age ≥ 60 years 
2) Amnestic MCI diagnosis 
by Petersen criteria 
3) Modified Hachinski 
Ischemic Scale score ≤ 4 
4) MMSE score 24-30 
5) aMCI not due to 
structural causes 
 
Exclusion 
1) Significant neurologic 
disease other than aMCI 
2) Major depression, bipolar 
disease within 1 year 
3) History of schizophrenia 
4) Psychotic features, 
agitation or behavioral 
problems leading to 
potential compliance issues 
within 3 months 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primary 
Time to conversion to clinically 
probable AD in aMCI patients 
with abnormal and normal 
patterns of flutemetamol 
uptake based on visual 
assessment of PET scan, up to 2 
years after initial injection 
 
Secondary 
Time to conversion to clinically 
probable AD in aMCI patients 
below and above a threshold of 
brain levels of flutemetamol 
based on semi-quantitative 
assessment of PET scan, up to 2 
years after initial injection 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01518374 Avid 
Radiopharmaceuticals 

Dec. 2009 – 
Dec. 2015 

2 Clinical 
evaluation of 
Florbetapir F 18 
(18F-AV-45) 

N=600 N/A Inclusion 
1) Age ≥ 18 years 
2) Able to tolerate the PET 
scan procedure 
 
Exclusion 
1) Clinically significant 
hepatic, renal, pulmonary, 
metabolic or endocrine 
disturbances 
2) Clinically significant CVD 
3) No current or planned 
pregnancy 
4) History of drug/alcohol 
abuse 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Primary 
Safety assessment: adverse 
event frequency related to 
florbetapir administration, 
over 24 hours 
 
Secondary 
Florbetapir F 18 tracer uptake 
as determined by standard 
uptake value ratio, over 90 
minutes 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01577394 Assistance Publique – 
Hôpitaux de Paris 

Jun. 2011 – 
Jun. 2014 

3 Evaluation of 
oculomotor 
testing 

N=100 
 
Patients with 
AD or DLB 

N/A Inclusion 
1) Age ≥ 65 years 
2) DLB diagnosis by 
Consortium on DLB criteria 
(McKeith et al 2005) 
3) AD diagnosis by DSM IV 
and NINCDS-ADRDA criteria 
4) No major sensory deficits 
5) MMSE > 20 
 
Exclusion 
1) Parkinson syndrome 
progressing over more than 
1 year 
2) Use of AChEI medication 
3) Use of anti-Parkinson 
drugs 
4) Neuroleptic drug use 
within 3 months 
5) Geriatric Depression Scale 
score > 10 
6) Medication that may 
interfere with measuring 
dopamine transporter 
7) Survival of less than 1 
year 
8) Lack of French fluency 

Primary 
Variability of reflexive saccades 
latencies, at 1 year 
 
Secondary 
Correlation between 
oculomotor records and 
neuropsychological 
examination 
 
Correlation between 
hippocampal volume and 
neuropsychological 
examination in DLB 
 
Central atrophy differences 
between DLB and AD 
 
Percentage of CSF alpha-
synuclein to distinguish DLB and 
AD 
 
Variations at 1 year in 
oculomotor test scores and 
neuropsychological tests scores 
 
Various assessments of 
saccades 
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ClinicalTrials 
Identifier 

Study Sponsor Study 
Dates 

Clinical 
Phase 

Interventions Estimated 
Patient 
Enrollment 

Reference 
Standard 

Inclusion/ Exclusion 
Criteria 

Outcomes 

NCT01703702 Avid 
Radiopharmaceuticals 

Oct. 2012 –  
Dec. 2014 

4 Evaluation of 
effectiveness of 
florbetapir (F18) 
in patient 
management; 
association of 
scan status and 
cognitive decline 

N=600 
 
Patients with 
MCI or AD 

Clinical 
diagnosis 

Inclusion 
1) Age 50 – 90 years 
2) For MCI arm: MMSE 24-
30  
3) For AD arm: diagnosis by 
clinical criteria; MMSE 16-
24, lack of clinical indication 
for non-neurodegenerative 
cause for cognitive 
impairment 
4) Current evaluation for 
cognitive decline, or within 
previous 18 months 
5) Lack of high confidence in 
diagnosis of cognitive 
decline 
 
Exclusion 
1) Current or planned 
pregnancy 
2) Current serious or 
unstable illness 
3) Known results of previous 
amyloid imaging scan 
4) Known brain lesion or 
alternate pathology 
explaining clinical 
presentation 
5) Previous investigational 
trial participation within 30 
days 
6) Previous receipt of 
investigational amyloid-
targeting agent 
7) Radiopharmaceutical 
imaging or treatment within 
7 days of study scan 

Primary 
 
Proportion of patients with a 
change in management from 
baseline to 3 months for 
patients receiving immediate 
scan results versus those 
receiving results in 12 months 
 
Association between scan 
status and cognitive decline 
between baseline and 12 
months 
 
Secondary 
 
Change in patients’ clinical 
diagnoses in whom scan results 
were not predicted by initial 
clinical diagnosis 
 
Change in clinician’s confidence 
regarding clinical diagnosis, 
based on scan results 
 
Change in caregiver and patient 
advice and counseling 
 
Evaluation of caregiver self-
efficacy for management of 
dementia based on scan 
information 

 


