Clinical Trials on Alzheimer’s Disease – Intervening Before Dementia Begins 
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Progress in the treatment of Alzheimer's disease (AD) has been slow and marked by failed trials and a re-shifting of focus from treatment to prevention. These topics thus dominated the third annual Clinical Trials on Alzheimer’s Disease (CTAD) meeting, held November 3-5, 2010 in Toulouse, France, where Alzheimer's clinicians and researchers from around the world met to discuss lessons learned from failed trials and how best to move the field forward.


The shift in how AD is viewed stems primarily from demographic data, which predict an impending global catastrophe, with the number of people affected by AD tripling by 2050, from 35.6 million in 2010 to 115.4 million in 2050
. Along with recognizing the scope of the problem, there has been a growing realization that prevention of the disease in its earliest stages may represent the only way to mitigate this crisis.   

1. Redefining AD: revising diagnostic criteria    

 The current criteria for diagnosing AD, commonly referred to as the NINCDS-ADRDA criteria, were established in July 1984
 when little was known about the genetics and molecular biology of the disease and before imaging studies that reveal neuronal atrophy, neurodegeneration, and neural dysfunction prior to death had become available. New knowledge has now led to consensus that AD exists as a continuum, starting with early molecular changes in the brain accompanied by little or no cognitive impairment and progressing to massive neurodegeneration and dementia.  As a result of this new understanding of the disease, in 2009 the National Institute on Aging and the Alzheimer’s Association convened three workgroups to update the diagnostic criteria to include modern methodology and address whether there is sufficient evidence for an earlier diagnosis. The workgroups focused on three clinical categories: 1) a pre-symptomatic or pre-clinical phase of the disease; 2) Mild Cognitive Impairment (MCI), a symptomatic but pre-dementia phase; and 3) Alzheimer's dementia. The workgroups presented the results of their findings at the International Conference on Alzheimer's Disease (ICAD) meeting in 2010, opening up a peer-review process designed to get consensus from the Alzheimer's community. At the time of the Toulouse meeting, less than four months later, thousands of comments had been received. Chief among the concerns of those responding were issues of access to assessment tools by point-of-care clinicians, the ethics of diagnosing a disease before the onset of clinical symptoms when there is no intervention available, the cost of imaging and other technologies, and the exposure of patients to invasive procedures. 


Alzheimer's dementia, according to the new criteria, is now divided into “probable Alzheimer's dementia with higher certainty,” and “possible Alzheimer's dementia,” reflecting the degree of certainty that person has AD. For example, to get a diagnosis of probable AD, a person would have to have clinical evidence of progressive decline along with biologic evidence of AD pathology, such as genetic markers or other biomarkers. For a diagnosis of possible AD, a person could meet part but not all of the clinical criteria or have some evidence of mixed pathology. 


A diagnosis of MCI would represent an in-between stage, not normal but not demented, with cognitive decline and impairment in one or more domains (usually memory and executive function), but preservation of independence and an absence of dementia. In addition to these clinical criteria, biomarker criteria could be used to help establish the underlying substrate; for example, structural and functional imaging markers of neurodegeneration and neuronal atrophy plus molecular markers such as low CSF Aβ42 or amyloid imaging may provide the highest probability that the MCI syndrome is due to an underlying AD process. These biomarker criteria are still very much in flux and may be modified as new data become available.


The preclinical stage has been the most controversial, since this represents new research that has yet to be fully validated and that introduces the most vexing ethical issues mentioned above. As currently conceived, this stage will be used only for research purposes to identify the earliest stages of AD, but not for delivering a diagnosis to individuals with no symptoms. This stage focuses heavily on biomarkers including PET amyloid imaging. Evidence suggests that an increase of amyloid deposition in the brain parallels the incidence of dementia, but with a delay such that the pathophysiology precedes clinical disease. This suggests that amyloid may contribute but not be sufficient to cause impairment; and that in combination with other risk factors can lead to synaptic dysfunction, glial activation, tangle formation, neuronal death, and cognitive decline. Research over the next decade or so will be needed to prove or disprove this hypothesis, and has the potential to provide better prognostic indicators and identify candidates for secondary prevention trials.        
2. Rethinking AD therapy: lessons learned from clinical trials


Symptomatic treatments for AD that target cholinergic and glutamatergic neurotransmission have been available for several years, but disease-modifying therapies have been much more difficult to develop and, in fact, have resulted in several treatment trial failures. Possible reasons for these disappointing results include 1) the wrong candidate drugs are being tested; 2) drugs are being used at doses too low to be effective or for an insufficient period of time; and 3) inappropriate subjects are chosen for the trials, for example, subjects who are too far along in the disease process. 


Candidate drugs that have advanced to phase III clinical trials include those that inhibit Aβ production, aggregation, or clearance; those that inhibit tau aggregation or phosphorylation; as well as the cholinergic drugs and miscellaneous others including antioxidants and statins
. The failure of drugs in phase III after positive phase II trials highlights the need for new guidelines, validated biomarkers, and new relevant, sensitive, and multi-dimensional outcome instruments. In addition, more basic research is needed to untangle the complexity of AD etiology and pathogenesis, and more collaboration is needed between regulatory agencies, pharmaceutical companies, and clinical research institutions. Quick publication of negative studies and open discussion about these studies and side effects encountered in randomized clinical trials are also needed to ensure that negative studies are not repeated. 


Multi-targeted approaches are almost certainly needed to effectively treat a disease as complex as AD. For example, mitochondria serve a crucial role in synaptic function and have been shown to accumulate Aβ, suggesting mitochondrial function as a potential therapeutic target. Since type 2 diabetes and AD share common pathological features and risk factors, metabolic pathways may also yield druggable targets. Cocktails of multiple drugs are thus one possible therapeutic avenue to pursue. In addition, a network model of drug interactions predicts that the clinical effect of many drugs may result from a combination of molecular events, suggesting that multi-target drugs, even if they have low affinity, may prove beneficial.       

Several trials have been conducted testing alternative compounds that may have an effect on the development of MCI or AD. For example, the VITACOG trial evaluated the ability of homocysteine-lowering B vitamins to arrest brain atrophy in people with MCI
. This trial followed an earlier study that demonstrated a relationship between higher baseline homocysteine levels and a greater rate of brain atrophy
. In the VITACOG trial, 271 community dwelling subjects over the age of 70 and diagnosed with MCI were randomized to receive either placebo or a tablet containing high doses of folate, B12, and B6. The primary outcome, brain atrophy, was assessed using MRI scans and cognitive testing was done as a secondary outcome. The study concluded that the baseline homocysteine (tHcy) level was the determining factor: among individuals in the highest quartile of tHcy, treatment with B vitamins for 24 months reduced atrophy by 53%, whereas the treatment had no effect on those in the lowest quartile of tHcy. Although the trial was not powered to detect a treatment effect on cognition, a post hoc analysis showed a parallel effect on brain atrophy and cognition, with the greatest benefit seen in those with high baseline levels of tHcy.   


GuidAge was a trial testing the ability of the Ginkgo biloba extract, EGb761, to slow cognitive decline in individuals with subjective memory complaint. The primary endpoint in GuidAge, conversion to AD, was not met, although secondary analyses hinted that there may have been some benefit from the long-term (4 years) exposure to treatment. Possible reasons for this trial failure include the inclusion of subjects too far from possible conversion, a trial design that did not take into account a large number of dropouts, and an analytic approach inappropriate for a drug that has late effects. In addition, conversion to dementia using the CDR global score may not be the best outcome. Rather, the CDR Sum of Boxes (CDR-SOB) score would provide additional information helpful in making a diagnosis in the earliest stages of dementia. Thus, with some alterations in trial design, it might be possible to demonstrate some benefit from EGb761. For example, enrolling subjects who are CDR0.5 rather than CDR 0.0, moving away from a traditional intention-to-treat (ITT) analysis, and using the CDR-SOB score and different statistical methods (e.g., Fleming-Harrington). 

A notable failure in clinical trials was the Semagacestat trial. Not a preventive therapy, semagacestat is a gamma secretase inhibitor that showed robust biomarker benefits in phase II trials, but resulted in worsening of cognition and the ability to perform activities of daily living in phase III trials. The data monitoring committee on this trial thus halted dosing, although biomarker data are still being collected in a blinded manner. It is hoped that these follow-up studies will help sort out the mechanisms underlying the treatment failure, for example, whether there was worsening of the underlying neurodegenerative process, some kind of encephalopathy, or some other pathologic process that was affected. About 75% of subjects enrolled in this trial are continuing with follow up. 

PERFORM-Dementia represents another type of secondary prevention trial that was ultimately unsuccessful. Several studies have indicated that stroke is a major risk factor for cognitive impairment and dementia
,
  Thus, PERFORM-Dementia was designed as an add-on to the PERFORM study (Prevention of cerebrovascular and cardiovascular Events of ischemic origin with teRutroban in patients with a history oF ischemic strOke or tRansient ischeMic attack), which tested whether the drug terutroban was more effective than aspirin in reducing recurrent stroke
 in a large cohort of 19,000 stroke patients.  PERFORM-Dementia was expected to assess the incidence of cognitive impairment and dementia after stroke or a transient ischemic attack for 2-3 years. The trial was stopped since the main objective of reduction of recurrent stroke and other vascular events was not attained (manuscript in preparation). However, the observation that the cumulative incidence of dementia (vascular and other types) was much lower than anticipated in this large population at risk may help to better understand the risk of dementia after stroke and prompt a reconsideration of the dementia risk that is attributable to stroke in this age group. 
3. Primary prevention and secondary prevention


The recognition that Alzheimer's pathology is present long before cognitive impairment is apparent has led to the realization that intervention must begin early, or perhaps even before the disease process starts. Primary prevention aims to stop the disease from ever developing, and thus must be targeted at individuals with no signs of the disease and who, in fact, may not ever be affected. Secondary prevention targets individuals who have some signs that the disease process has begun but no symptoms of illness. Thus primary prevention will most likely incorporate public health measures that present minimal risk to the population, while secondary prevention will involve more targeted interventions that may involve some risk but have the potential for great benefit. In either case, developing primary and secondary prevention strategies will require large, longitudinal studies in order to validate the effectiveness of interventions and ensure safety.  


A primary prevention trial would enroll non-impaired subjects and demonstrate prevention of subsequent impairment or conversion to MCI or dementia. In order to achieve this, an appropriate target population must be identified, the intervention selected, outcomes defined, and statistical parameters established to ensure sufficient power. 

    
Several approaches have been suggested for enriching the target population with individuals who would show benefit from the selected intervention. Selecting subjects based on age has its limitations – young cohorts (e.g., age 60 or older) would likely include a large number of subjects who will not get AD and thus require huge sample sizes; while older cohorts (e.g., over age 75) could include a large number of people already experiencing AD-related pathology. Other enrichment strategies include using risk factors such as genetic markers (e.g., ApoEε4) or comorbidities such as diabetes and obesity, biomarkers that show very early signs of neurodegeneration, or subjective memory complaints. 


Treatments must be both effective and safe. Indeed, several recent studies have been halted because of safety concerns, for example the ADAPT study was discontinued because non-steroidal anti-inflammatory drugs (NSAIDs) were shown in unrelated studies to increase the risk of heart disease. And all treatments that are currently being tested in phase II treatment trials have had serious problems with side effects, making them inappropriate for prevention trials in presymptomatic individuals. Trials of lifestyle interventions such as exercise have thus far been disappointing. 


Identifying the appropriate outcome for a prevention trial has also proven to be challenging. One suggested approach would be to assess change in cognition (slope), however regulators have been reluctant to accept this as an outcome measure. Conversion to MCI may also be unacceptable to regulators because MCI is not an established diagnosis; and conversion to dementia would likely require unacceptably lengthy trials. 

3.1 Designing primary prevention trials with biomarkers

Biomarkers could provide solutions to many of the design challenges for prevention trials, although numerous questions remain to be answered: Which biomarkers should be used, those that detect amyloid pathology or neurodegeneration? While the amyloid hypothesis underlies many diagnostic approaches and treatment trials, it remains unproven.  And should biomarkers be obtained from blood, cerebrospinal fluid (CSF), or imaging techniques? 


The Alzheimer's Disease Neuroimaging Initiative (ADNI) was designed to answer some of these questions. These studies have shown, for example, that an AD signature based on measurements of Aβ42 and p-tau in the spinal fluid could predict whether a person with MCI would go on to develop AD within five years
. Interestingly, the AD signature was also present in more than one-third of cognitively normal subjects, suggesting that AD pathology may be detectable long before cognitive impairment is apparent. Other data from ADNI have shown that MCI patients with low CSF Aβ have higher rates of atrophy and progress more rapidly to dementia; and that PET imaging with ligands that bind to amyloid also predict conversion to AD. Hippocampal atrophy has also been shown to predict the future rate of change in cognition. Thus, these studies suggest that a CSF signature, a positive amyloid imaging PET scan, and/or MRI evidence of brain atrophy may be useful as inclusion criteria in a prevention trial.  


These data from ADNI and other studies support the use of multiple modalities to detect AD presymptomatically, and also provide clues about underlying pathogenic mechanisms. For example, hippocampal atrophy is a strong component of normal aging, and sophisticated MR methods have also documented regional vulnerability in the rate of hippocampal atrophy associated with cognitive decline. FDG-PET studies, meanwhile have shown that that regional hypometabolism is an early indicator of MCI and AD
. Yet these imaging modalities by themselves are insufficient for diagnosing AD or for monitoring the progression of the disease and the effects of treatment. However, in combination with CSF biomarkers of tangle formation (hyperphosphorylated tau, or P-tau 231, and isoprostane, or IP) and plaque deposition, these markers add diagnostic confidence. 


Moreover, biomarker evidence in high-risk populations is providing new information about underlying mechanisms. For example, in normal individuals with the ApoEε4 genotype, elevated levels of P-tau and IP suggest that tauopathy and oxidative stress may be early events in the progression to AD
. Another high-risk group includes those with a maternal history of late onset AD (LOAD), and these individuals exhibit higher IP and a reduced ratio of CSF Aβ42/40 compared to normals, which may be indicative of oxidative stress
. More studies are needed to further investigate these mechanistic clues. 

4. Designing better trials

4.1 Incorporating amyloid imaging in collaborative research studies 


Positron Emission Tomography (PET) using radiolabeled ligands that bind to amyloid has dramatically changed our understanding of the role of amyloid in AD, allowing the visualization of amyloid plaques in the brains of living people affected with AD and MCI
. The original amyloid imaging ligand, called 11C-labeled Pittsburgh Compound B (PiB), has a 20 minute half-life, limiting its use to institutions with on-site cyclotrons. A newer ligand called florbetapir F18, developed by Avid Pharmaceuticals (now owned by Eli Lilly), has shown selective and strong binding affinity for aggregated Aβ in the brain with rapid uptake and clearance and a stable cortical:cerebellar ratio for 30-90 minutes, allowing for short imaging time. More importantly, the PET signal correlates well with pathological findings at autopsy
. 


These data indicate that PET imaging with this ligand can play an important role in secondary prevention trials; and it also may be useful in primary prevention trials, since a substantial number of cognitively normal (control) subjects show positive amyloid scans and these subjects tend to perform worse on some cognitive measures. Amyloid imaging as a biomarker may also be used as an endpoint in treatment trials, particularly with anti-amyloid therapies. 

4.2 Other strategies for improving trial design


Since AD is a multifactorial disorder, it will most likely require a multi-therapeutic approach. Stratification of subjects by AD subgroup based on clinical, imaging, and biomarker findings is one strategy for avoiding future clinical trial failures, since certain subgroups may represent different pathological substrates that are more or less responsive to therapy. Yet while reducing heterogeneity may improve the success of clinical trials and could reduce the cost of conducting a trial, it also has the potential to reduce the generalizability of a study. Biomarkers are also needed to improve the accuracy of diagnosis, monitor the effects of treatment, and assess drug safety
,
. 


One of the chief reasons for phase III trial failures has been the inadequacy of Phase II trials; and as the field moves increasingly towards disease modifying treatments, it will become increasingly difficult to assess efficacy in phase II since treatment effects are unlikely to be seen over the typical 6-12 month trial period.  For example, tramiprosate was the first anti-amyloid drug to enter a phase III trial, based on post-hoc analysis of phase II results. However, in phase III, the drug proved to be no more effective than placebo in improving clinical outcome
. Thus, the likelihood of failure will remain high until a better way to demonstrate or predict clinical efficacy with biomarkers is identified.     


Other reason for trial failures include the inadequacy of animal models to predict efficacy in chronic disease and a poor understanding of the underlying biology and its relationship to clinical presentation. These gaps in knowledge have resulted in a rush to late stage development before mechanistic evidence has been demonstrated.   


Another strategy that could greatly improve future clinical trials is to make greater use of modeling and simulation in designing trials. Simulations look forward and can be replicated; models look back and try to build a case that explains the data that has been collected.


Model-based drug development (MBDD) integrates pharmacokinetic, pharmacodynamic, biomarker, animal, and clinical data into the building of a model, continuously updating the model as more data are acquired
.  In addition, an investigator can model strategies such as study enrichment to predict whether a drug effect could be detected more rapidly in selected populations. Different assumptions can be plotted and different scenarios modeled to come up with an optimal design. 


The placebo response in clinical trials has also been a major impediment to treatment success. For example, in the tramiprosate trial, more than 30% of control subjects improved during the trial. These improvements could have been psychological or could have resulted from learning effects due to frequent evaluations, or from subjects receiving better care and attention as a result of participation in the trial. Whatever the reasons, understanding the placebo effect through modeling and simulations is critical to predicting and evaluating the outcome of a clinical trial. To this end, the Coalition Against Major Diseases (CAMD), part of the Critical Path Initiative (C-Path), which is funded by the Food and Drug Administration (FDA) and the Science Foundation Arizona, has established a database with data from more than 4,000 participants in AD clinical trials. The goal is to analyze placebo responses from this combined group in order to develop parameters that can be applied to future trials with respect to the placebo group.   


Large databases such as the C-Path database allow investigators to simulate a range of clinical trials scenarios. For example, by selecting a group of patients and treating them as if they were possible participants in a clinical trial, one could simulate the consequences of using various inclusion and exclusion criteria on the resulting outcome data. Different sample sizes and dropout rates can also be incorporated into the simulations to evaluate the importance of these factors. Thus, simulations can provide an evaluation of a clinical trial design before the trial is conducted, and allow investigators to consider how different designs might impact the trial.  

4.4 Re-assessing cognitive instrumentation


Given that cognition is the primary attribute affected in AD and other dementias, cognitive assessment is one of the most important outcome measures in clinical trials. A wide range of neuropsychological instruments have been used successfully in trials around the world, however, these assessments tend to be labor intensive and prone to errors in administration, scoring, and data transfer. An ideal cognitive assessment battery would meet practical, statistical, and methodological standards. From a practical perspective, the battery should be brief, easy to give, standardized, require only non-expert administration and everyday equipment, and take advantage of every moment of the interaction. Statistically, the assessments should avoid floor and ceiling effects and be stable, with a small coefficient of variation. Methodologically, the use of computer based tests would allow large amounts of data to be captured easily and with fewer errors.


A project to evaluate existing computerized batteries was undertaken by Prevent Alzheimer’s Disease by 2020 (PAD 2020), a non-profit organization established in the United States to develop and implement a comprehensive plan to achieve the goal of prevention. The project team compiled existing data on sensitivity and specificity of the various measures, whether studies have been conducted looking at convergent biomarkers, whether alternative forms are available to avoid practice effects, whether a web-based form was available, and whether FDA CFR21 part 11 compliance had been demonstrated. A database was established with free access to encourage future development of improved tools. A report on this study is forthcoming.


ADAS-Cog (Alzheimer's Disease Assessment Scale-cognitive subscale) was developed in the 1980s to measure cognition in AD patients and has been widely used in clinical trials; however its use in future trials, particularly for milder forms of AD, demands modifications
. Thus, efforts are underway to vastly improve the ADAS-cog so that it is well grounded in a solid neuropsychological conceptual model and benefits from sophisticated measurement techniques.  While the original instrument had a limited measurement range and was most responsive at the middle, the new instrument, ADAS-cog-plus, should have improved ability to detect group differences and provide precision across the entire dementia spectrum, from mild to severe forms. Providing assessment across the same four cognitive domains, the new instrument should also be more user friendly, with automated scoring, easy input, easy data management, and a straightforward export of data. 


To be useful in clinical trials, new and improved instruments must also be able to detect subtle cognitive changes over time, rather than relying on global measures that are useful for diagnosis. These new tests must also be sensitive to within-subject variability. Thus, tasks are needed that are simple, short, reliable, and repeatable, and sensitive to AD pathology. Short tasks permit the utilization of appropriate psychometric approaches that are capable of detecting performance change. One such task is a simple visual search task, which has been shown to differentiate between normal, MCI, and AD. The CogState One-Card Learning task has also been shown to detect decline in such individuals. Tasks embedded into computer games have also been shown to be useful in assessing cognition, and allow the collection of more fine-grained data that can improve assessments. In addition, capturing the relationship between domains may be more important that measures within domains. New ways are needed to conceptualize and measure changes, and new quantitative methods are needed to look at cognition in a more sophisticated way. 

5.0 Implications for very early treatment design
With the current knowledge base and toolkit, as well as appropriate application of modeling and simulation, it may already be possible to design proof of concept studies that would lead to validation of biomarkers for use in pivotal secondary prevention or treatment trials.  These studies could begin with screening a large population cohort of normal elderly individuals,  and then randomly assigning them to a disease modifying treatment (e.g. anti-amyloid) with biomarkers as primary outcomes, including volumetric MRI, FDG-PET, CSF biomarkers, MMSE or other cognitive test, and PET amyloid imaging.  Such studies, particularly if accompanied by changes in what regulatory agencies will accept as evidence of clinical benefit, could provide the information that would persuade pharmaceutical companies to look past recent trial failures and invest in future drug trials.
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