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1. Rationale for utilization of acute brain injury for drug screening for
Alzheimer’s disease

A considerable body of evidence, including dozens of failed clinical trials, argues for the
need to start anti-Alzheimer’s disease (AD) therapy long before clinical symptoms of the
disease appear. This need for therapy that begins years, if not decades, before AD symptoms
are clinically apparent would cost amounts of money far in excess of the financial risks that
even large pharmaceutical companies are willing to bear for a clinical trial, and the durations
of proposed trials are far in excess of the normal funding cycle of National Institutes of
Health grants. Moreover, the potential risk of side effects or drug interactions from the
administration of extremely long-term dosing of an unproven drug in a population that may
never develop Alzheimer’s disease is undesirable, and may pose an unacceptable clinical
trial risk profile.

As such, few primary AD prevention trials are now ongoing, despite preclinical evidence for
the efficacy of a number of potential disease-modifying drugs. The prohibitive costs of
primary prevention trials for anti-AD drugs could be addressed in a number of ways. First,
the use of surrogate biomarkers for disease progression was proposed [1]. This entails the
identification of genetic, molecular, or biochemical markers that change in a way indicative
of disease progression. Unfortunately, to date, there is no agreement on which markers to
assess, either individually or collectively, for disease progression.

An alternative approach involves the assessment of potential disease-modifying drugs in
conditions that share common features of AD neuropathology, but that are more acute and
easily diagnosable in nature. Here we propose to use acute traumatic brain injury (TBI)
and/or stroke as such conditions for the testing of drugs that may modify AD
neuropathology, and therefore AD disease progression. The adoption of such an approach
could allow for the identification of clinically therapeutic “hits” that would not only be of
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value in the treatment of acute brain injury, but, as importantly, could suggest effective
therapies for more chronic brain-injury condition such as AD. These provocative clinical
data might not only encourage the sponsorship of clinical trials regarding the efficacy of
these drugs as anti-AD therapy, but could also simultaneously provide a revenue stream to
the sponsoring company by their use in acute stroke and TBI patients. Finally, these data can
be generated in a comparatively short time, given the acute nature of brain injury and the
rapidity of onset of Alzheimer’s-like syndrome in these patient populations.

2. Evidence for brain trauma in the risk for AD and its neuropathology

The aforementioned proposal requires the identification of acute brain injury processes that
1) are associated with an increased risk of AD, and 2) show evidence for the rapid
development of AD-like neuropathology after the injury. Two such cases are TBI and stroke.

It has long been noted that many patients with traumatic brain injury subsequently develop a
dementia-like neurological decline. The preponderance of recent evidence indicates that
such dementia has significant AD-like qualities [2]. A retrospective meta-analysis by
Fleminger et al. [3] found that, in 15 case-control studies, TBI was a significant risk factor
for the development of AD in male patients (the most common victims of TBI; odds ratio,
2.29; 95% confidence interval, 1.47-2.06). In TBI patients surviving only 6-18 days after a
head injury, Robert et al. [4] noted extensive deposits of beta-A amyloid (AB) in the cortex
of 6/16 patients (median age, 46 years). In a later, larger study of 152 patients, this same
group found that 20% of TBI patients in their teens to 30s (survival time, 4 hours to 5 years)
had deposits in cortical areas [5]. In patients surviving 18 hours to 9 days after TBI, Smith et
al. [6] noted extensive accumulations of AP, at autopsy, in the terminal ends of disconnected
axons after brain trauma. McKenzie et al. [7] studied the brains of 55 patients who died
within 24 hours of head injury, and found B-amyloid precursor protein (APP) accumulation
in 71% of cases, with the earliest detectable at 2 hours of survival. Ikonomovic et al. [8]
examined human temporal-cortex tissue surgically excised after severe brain injury, and
found diffuse “immature-appearing” cortical Ap deposits in one third of the patients as early
as 2 hours after injury.

In previous animal studies of TBI, markers of AD such as APP, AB, and tau were found to
increase early, and to persist long after injury. Earlier studies demonstrated a significant
elevation in APP immunoreactivity within neurons [9-11]. Various models of TBI
demonstrated that by 30 minutes after injury, an increase in APP levels in rats occurred. This
increase in APP localized in neuronal axons within the thalamus, cortex, striatum, and
hippocampus [9-14]. An increase in the neurotoxic AP was also reported in rats, rabbits, and
pigs [9-14]. Transgenic animal models of AD were used in TBI studies to explore further
the effects of Ap deposition and plaque formation on neuronal survival and cognition. These
models noted an increase in number of Ap deposits and in neuronal cell death, resulting in
significant memory impairment [15-19]. Moreover, TBI in rats induced a significant
increase in expression of other markers, products, and pathways involved in AD, such as
beta-secretase (BACE-1) [20] and tau. In TBI studies, cleaved and hyperphosphorylated tau
increased in both wild-type and AD transgenic animals [6,21-23] and human subjects [24].
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These results suggest that TBI in animals increases the risk for AD-like pathology and
behavior.

There is ample evidence that after a stroke, a progressive decline in cognition occurs in
human subjects and in animal models, with evidence for the rapid development of AD-like
neuropathology. Tatemichi et al. [25] reported that the incidence of dementia was 6.7%
among patients after 1 year of follow-up in a sample of 610 patients who were initially
nondemented after a stroke. Bornstein et al. [26] reported that 32% of patients who were
initially nondemented after a stroke developed dementia during 5 years of follow-up after
their first ischemic stroke. Henon et al. [27] examined a cohort of 169 patients who had been
nondemented before the onset of stroke, and reported that the cumulative proportion of
patients with incident dementia was 21.3% after 3 years of follow-up. Altieri et al. [28]
assessed 191 nondemented stroke patients for 4 years of follow-up, and found that the
incidence of dementia increased gradually, with 21.5% patients developing dementia by the
end of follow-up. In population-based studies of stroke and dementia, Kokmen et al. [29]
reviewed the medical records of 971 patients who were free of dementia before their first
stroke. The cumulative incidence of dementia was 7% at 1 year, 10% at 3 years, 15% at 5
years, and 23% at 10 years. Desmond et al. [30] performed functional assessments annually
on 334 ischemic-stroke patients and 241 stroke-free control subjects, all of whom were
nondemented during baseline examinations, and found a progressive course of dementia,
with an incidence rate of 8.94 per 100 person-years in the stroke cohort, and 1.37 cases per
100 person-years in the control cohort. In two studies based on patients presenting with a
lacunar infarction as their first stroke, Samuelsson et al. [31] found that 4.9% and 9.9% of 81
patients developed dementia after 1 and 3 years of follow-up, respectively, and Loeb et al.
[32] found that 23.2%patients developed dementia during an average of 4 years of follow-

up.

Animal research demonstrated that AD neuropathologies can be induced in the rat middle
cerebral artery occlusion (MCAQO) model, suggesting that this model may be useful as a
nontransgenic model to discover potential therapeutics for AD. Alz-50-immunoreactive
granules are found around cerebral infarctions after ischemic strokes in gerbil, rats, and
humans [33-35]. Cerebral ischemia induces tau hyperphosphorylation [34,36—38] and an
increase in BACE levels [39,40]. Ischemic stroke induces abnormal cell-cycle molecules,
such as cdc2, cyclin B1, and nonmitotic cdk5 [41]. Further, increased cdk5 mRNA and
protein in the human brain after acute ischemic stroke were reported [42]. CdkS5 is a key
kinase in tau hyperphosphorylation and AD pathogenesis [43,44]. Ischemic injury-induced
cdk5 activation is also related to another key pathological feature, amyloid plaque formation
[45,46].

3. Protocol for drug assessment in acute brain injury studies

Several factors may contribute to the successful execution of acute brain injury studies.
Some drugs may require extremely rapid administration after an acute brain injury to
achieve maximal efficacy. Significant benefit may also accrue from prehospital
administration by emergency medical services crews or immediately upon hospital arrival.
In this instance, the acquisition of a Food and Drug Administration investigative new drug
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approval (IND) application approval for an “exception from informed consent” trial may
significantly facilitate early intervention. Performing these studies at level I and 1l trauma
centers and primary stroke centers may also provide two important benefits: the ability to
optimize study enrollment, and a general avoidance of transfer of patients to another hospital
for a higher level of care. The latter helps ensure continuity and consistency of both study
therapy and standard treatment, and may optimize follow-up. Finally, it is essential to have
support for the clinical study from all patient-care team members involved in treatment,
because these patients can have very complicated clinical courses, involving numerous
disciplines of medicine. Continued access to a patient allows uninterrupted administration of
study medication and follow-up, regardless of the discipline of members of the primary-care
team.

4. Conclusions and recommendations

In conclusion, assessments of potential anti-AD drugs in clinical trials for the treatment of
TBI and/or stroke could significantly benefit both acute and chronic brain-injured patients,
while rapidly providing clinical data at a comparatively low cost for the assessment of the
potential efficacy of drugs as anti-AD therapy.

To optimize this model for the assessment of potential anti-AD drugs in the acute brain
injury setting, several enhancements in our approach to acute emergency medicine drug
trials are needed. First, community and Food and Drug Administration awareness and
education of the importance of “exception from informed consent” studies must continue,
and must be enhanced to assure early drug delivery. Second, pharmaceutical companies need
to embrace this approach for the initial screening of potential anti-AD drug-testing. Third,
investments in clinical research infrastructures within level I and 11 trauma centers and
primary stroke centers are necessary, to enhance their capacity to identify and treat study
participants. Finally, relationships between research scientists, research physicians, and
clinical faculty must be encouraged and developed, to ensure the successful conduct of drug-
intervention trials via an integration of the research and treatment teams at these sites.
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