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Commentary

Introduction
Alzheimer’s disease (AD) is a progressive and fatal brain disease. 
According to the Alzheimer’s Association, as many as 5.2 million 
people in the United States are living with AD and 10 million 
“baby boomers” are expected to develop the disease in their 
lifetime. AD is the sixth leading cause of death, and the direct and 
indirect costs of dementia amount to more than $148 billion each 
year (2008 Alzheimer’s Disease Facts and Figures, Alzheimer’s 
Association). Currently, there is no cure. To date, the U.S. Food and 
Drug Administration (FDA) has approved three cholinesterase 
inhibitors (donepezil, galantamine, and rivastigmine) and an 
N-methyl D-aspartate (NMDA) receptor antagonist (memantine) 
that off er modest improvement in cognitive function in some 
individuals, but such treatments are oft en discontinued within 
6 months because of inadequate effi  cacy and/or tolerability issues. 
Although treatments with the potential to modify the course 
of AD by aff ecting the underlying pathophysiology are rapidly 
evolving and several of them have entered advanced phases of 
human clinical trials, none has shown convincing clinical effi  cacy 
in a large pivotal trial.

Th e recent announcement from Myriad Pharmaceuticals, 
Inc. (Salt Lake City, UT, USA) on June 30, 2008, that Flurizan 
(Tarenfl urbil, MPC-7869) failed to demonstrate statistically 
signifi cant effi  cacy in either of the co-primary endpoints in 
the phase III trial represents another high-profi le failure in the 
pursuit of disease-modifying therapeutics for AD. It is believed 
that on the basis of this result, Myriad and partner Lundbeck 
decided to discontinue the development of Flurizan, including the 
ongoing international phase III trial, which was due to complete 
in October. Th is phase III trial followed 1,684 AD patients over 
an 18-month treatment period for a change in the Alzheimer’s 
Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) score 
(a cognitive measure) and Alzheimer’s Disease Cooperative 
Study-Activities of Daily Living Inventory (ACDS-ADL) score 
(a functional measure) relative to placebo as the effi  cacy endpoints. 
As this trial was powered to achieve statistical signifi cance in 
a nonclinically signifi cant change in the ADAS-Cog score, the 
failure confi rms that Flurizan has no clinical eff ect beyond the 
standard of care (and placebo).

Prior to Myriad’s announcement, the most recent failure 
was tramiprosate (Alzhemed), developed by Neurochem (Laval, 
Québec, Canada), which was supposed to act by binding soluble 
amyloid Aβ peptides. It was terminated in August 2007 again aft er 
a large phase III trial that included over 1,800 AD patients treated 
for 18 months showed no statistical signifi cant diff erence between 
treatment and placebo groups in both primary effi  cacy endpoints 

of the ADAS-Cog and Disability Assessment for Dimentia (DAD). 
Th ese two large clinical trials with compounds reputed for their 
antiamyloid mechanism of action were disappointing news to 
the AD community, especially for the patients and caregivers 
who are desperately waiting for a disease-modifying therapy that 
would off er some hope for disease slowing beyond the short-term 
symptomatic relief.

In this commentary, we offer a translational medicine 
perspective on the choices made to select and develop these 
compounds for AD treatment. A close examination of the 
Flurizan case presented below could provide important insights 
and “lessons learned,” especially regarding the issues of evidence-
based clinical decision making during the drug development 
program. Th is case study highlights the importance of appropriate 
and rigorous use of biomarkers in AD drug development. We 
take the position, based on our analysis and available literature, 
that these compounds are inadequate tools to fully investigate 
the role of amyloid pathways in AD. We further recommend a 
biomarker-driven roadmap that could be used at diff erent stages 
to reduce the risk of development of innovative compounds based 
on a new mechanism of action in the AD program.

It is widely recognized that today’s environment for a 
new pharmaceutical development is increasingly challenging, 
particularly since many new targets are not as well validated. 
In response to this challenge, the pharmaceutical industry is 
increasingly using biomarkers as rationales and potentially cost-
eff ective means of predicting potential success of novel therapeutics 
in drug discovery and development. Biomarkers can be employed 
to (1) understand the relevance of the drug target to human 
disease, (2) demonstrate drug–target interaction, (3) measure 
the consequences of target modulation (pharmacodynamic [PD] 
eff ects), (4) detect modulation of pathophysiological processes, 
and (5) optimize patient selection to detect medical benefi ts. Th e 
use of such evidence-based biomarkers can increase confi dence 
during early development, improve the ability to prioritize clinical 
drug candidates across a broad portfolio, and yield better and 
more cost-eff ective advancement decisions.1–4

For convenience and to achieve a uniform lexicon, we group 
biomarkers into the following categories based on their intended 
use (Box):

A.  Target validation biomarkers provide scientific 
evidence on the role of the target in human diseases 
and its potential to be exploited in drug discovery and 
development campaigns.
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B.  Target–compound interaction biomarkers provide 
evidence on the physical–chemical interaction of the 
drug with its intended target.

C.  PD biomarkers report on the biological consequences of 
drug action in the exposed organism or patient. Th ese 
include biomarkers of effi  cacy and safety.

D.  Disease biomarkers report on disease severity, 
progression, and regression and could provide guidance 
as to whether a drug candidate has the potential to 
fundamentally alter or modify the disease process.

E.  Patient selection biomarkers provide information on 
those patients most likely to respond (or not respond) to 
the treatment. Such biomarkers provide an opportunity 
to stratify patients for risk of disease progression and 
potentially enable shorter trials with higher event rates 
and earlier outcome assessments.

In the following sections, we examine the case of Flurizan 
with regard to these fi ve criteria and discuss the potential value 
of biomarker in decision making.

Target Validation
While the precise etiology and pathogenesis of AD are still 
unclear, the most convincing hypothesis postulates that 
the accumulation of Aβ peptide triggers the formation of 
amyloid plaques and neurofi brillary tangles with subsequent 
infl ammation and brain atrophy5 (Figure 1). Rare, inherited 
forms of AD off er strong support for the role of Aβ in the 
pathogenesis of the disease. Mutations in either the precursor 
protein or the processing enzymes lead to Aβ accumulation 
and amyloid plaque and tangle formation.6,7 Despite the fact 
that the etiology of the disease in sporadic AD remains elusive, 
Aβ peptides and amyloid plaques also accumulate in these 
patients.

Tremendous progress has been made in understanding the 
biological role of Aβ, including its production, clearance, and 

physiological impact on neuronal function 
and pathology. Multiple agents targeting this 
pathway, which are expected to further reduce 
Aβ production or clear amyloid plaques, are 
in various stages of clinical testing. Th e results 
of such ongoing clinical trials are expected 
to provide proof of concept (POC) for an 
Aβ-lowering mechanism as being suffi  cient 
to modify the disease course. Although 
clinical evidence of such amyloid-targeted 
therapeutics has not been demonstrated in 
a pivotal study to date, promising data have 
been recently emerging.8,9

Gaps in our understanding of Aβ as a 
drug target remain, and the tools currently 
available to study Aβ in its various forms 
are limiting. In vitro and animal studies 
indicate that soluble forms of Aβ aggregates 
rather than amyloid deposits are the 
neurotoxic species and these aggregates 
are difficult to measure, particularly in 
a clinical setting. Any measurement of 
soluble Aβ directly in the human brain is 
problematic, and although measurements 
in the cerebrospinal fl uid (CSF) or plasma 
are feasible, their relationship to brain levels 

is confounded by the diff erences in the dynamic equilibrium 
between compartments and the rather ubiquitous expression of 
the amyloid precursor protein (APP) precursor and processing 
enzymes. Positron emission tomography (PET) is a promising 
method that has been used for the in vivo detection of Aβ plaque 
burden. However, longitudinal studies indicate that amyloid 
deposition precedes cognitive impairment by decades and 
correlates with memory loss only in the very mildest stages of 
AD or in normal elderly.10 Th e issues with validating antibody 
(Ab) as a drug target in AD patients and the inherent limitations 
of current biomarkers are not unique to Flurizan and relate to 
all Aβ-lowering agents.

Figure 1. Amyloid cascade hypothesis.

Box. Biomarkers: utilitarian classifi cation.
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Target–Compound Interaction
Flurizan is the pure R-enantiomer form of flurbiprofen—a 
nonsteroidal anti-infl ammatory drug (NSAID) with 25 years of 
clinical experience behind it. Unlike classical NSAIDs, however, 
Flurizan is not an inhibitor of cyclooxygenase enzymes (COX-1 
and COX-2).11 Based on in vitro cell-based assay results, Flurizan 
is proposed to be a selective Aβ42-lowering agent.12 Th e data 
generated to date suggest that Flurizan modulates, rather than 
inhibits, γ-secretase to preferentially reduce the generation of 
the longer toxic Aβ42 peptide and favor the production of shorter, 
less toxic forms. As a selective Aβ42-lowering agent, Flurizan does 
this without aff ecting the processing of other essential γ-secretase 
substrates such as Notch, which provides an advantage over direct 
γ-secretase inhibitors.

Th e exact nature of Flurizan’s interaction with γ-secretase 
complex is not fully understood. One hypothesis is that 
NSAIDs, including Flurizan, specifi cally lower Aβ42 through 
an allosteric binding mechanism that alters the conformation 
of the presenilin complex.13,14 More recent data indicate that 
Flurizan does not interact with the enzyme subunits but 
directly binds to the APP substrate.12 Th e authors suggest that 
drug binding shift s the position of the APP precursor in the 
plane of the membrane to alter the γ-secretase cleavage site. 
Additionally, Flurizan might inhibit Aβ aggregation since the 
minimal binding site is the same domain that is involved in 
fi brilization.

In cell-based systems expressing human APP containing 
the “Swedish” mutation, Flurizan demonstrated selective Aβ42-
lowering activity. A 50% reduction in Aβ42 was observed in human 
H4 neuroglioma cells at 100 μM using the ELISA method15 and 
a 40% reduction was observed at 250 μM in human embryonic 
kidney cells.16 Potency was not improved in a broken-cell 
model using membrane preparations derived from Chinese 
Hamster Ovary (CHO) cells to directly measure the inhibition 
of γ-secretase in vivo14 and in vitro. Inhibitory concentration 
(IC)50 values for Aβ42-lowering activity have not been reported. 
In comparison, several γ-secretase inhibitors that entered clinical 
development, including GSI-95317 and LY-45013918, have IC50 
in the low nanomolar range. Taken together, the ambiguity and 
controversy regarding the direct target that Flurizan interacts 
with and the weak in vitro potency in reducing Aβ42 production 
represent signifi cant knowledge gaps, which increase the risk 
assumed in further drug development.

PD Response
Assuming that the amyloid cascade is correct and the reduction 
of Aβ can slow or halt disease progression, it is still unclear how 
much Aβ42 inhibition is required for clinical effi  cacy. Data from 
PDAPP transgenic animals that were backcrossed into β-site of 
APP cleaving enzyme (BACE) heterozygous knockout mice with a 
partial reduction of BACE leads to about 12% reduction of soluble 
total Aβ in brain tissues.19,20 However, this level of reduction in 
soluble Aβ results in a much more substantial reduction in 
amyloid plaque load as the animal ages. Similarly, it is possible 
that in AD patients, a chronic treatment strategy with moderate 
amyloid reduction might lead to a more substantial impact on 
amyloid plaque deposition and on the rate of disease progression. 
One line of evidence comes from the fact that Down’s syndrome 
patients, who process 50% more amyloid precursor protein in 
brain tissue because of an additional copy of the APP gene on 
chromosome 21, oft en develop AD-like pathology in the third 
and fourth decades, some 20–30 years earlier than the onset of 

the sporadic form of the disease. Conversely, one might speculate 
that reducing Aβ levels for even less than 50% could lead to a 
substantial delay in disease onset and progression.

When administered orally to transgenic Tg2576 mice, 
Flurizan lowered Aβ42 in the brain but lacked a dose-proportional 
response. A 3-day subchronic dosing regime at 10, 25, and 
50 mg/kg/day produced 26% (p < 0.01), 60% (p < 0.001), and 34% 
(p < 0.001) reduction of brain Aβ42 levels, respectively. Plasma 
Aβ40 and Aβ42 levels were decreased by 30–50% but lacked direct 
correlation with brain Aβ levels. Th e average drug levels for the 
brain (1.5, 2.6, and 2.5 μM) and plasma (83, 117, and 78 μM) at 
2 hours aft er dosing were reported for 10, 25, and 50 mg/kg/day, 
respectively.15 Th us, corresponding brain-to-plasma ratios were 
poor (approximately 0.02), perhaps explaining the unpredictable 
pharmacokinetics (PK)/PD relationship. At best, an exposure 
multiple of approximately 0.2 was obtained in the brain, in which 
the concentrations reached approximately 50-fold lower drug 
levels than the estimated in vitro IC50 value for Aβ42-lowering 
activity.21 Similar studies performed independently in Tg2576 
mice unexpectedly failed to detect signifi cant reductions of Aβ42
levels in the brain.22 Th us, the reported in vivo PK/PD data did 
not provide robust evidence for Flurizan’s activity as a selective 
Aβ42-lowering agent.

Although Flurizan was well tolerated in humans, phase I 
single-dose PK data demonstrate that the exposure was not 
dose-proportional and plasma drug levels ranged from 131 to 
483 μM.15,23 When administered orally twice a day in healthy 
elderly volunteers, Flurizan demonstrated a half-life of 6–8 hours 
and Cmax of 158 and 185 µM were achieved at Tmax of 1–2 hours 
(based on 400 and 800 mg b.i.d.). Th e CSF-to-plasma ratio of 
Flurizan was approximately 0.5%.24 Th ese two doses were later 
tested in the larger phase II and phase III trials. Based on the 
preclinical data described above and assuming a similar brain-
to-plasma ratio (approximately 0.2), brain drug levels of 2.6–
9.7 μM would achieve exposure multiples of only 0.03–0.1. 
Although it has been reported that Flurizan displays minimal 
enantiomeric bioinversion in humans,23 it is possible that any 
bioinversion could have further added complexity in understanding 
the in vivo PK/PD relationship. As a small molecule candidate for 
a central nervous system (CNS) disease, Flurizan does not have an 
optimal brain penetration profi le and it is possible that drug levels 
may not have achieved concentrations necessary for effi  cacy.

More signifi cant early warning signs were raised by a clinical 
study with healthy elderly subjects: treatment with Flurizan for 
21 days did not results in signifi cant Aβ42 reduction measured 
by ELISA in either the plasma or the CSF compartment.24

When comparing baseline and posttreatment levels in the four 
treatment groups of placebo, 200 mg b.i.d., 400 mg b.i.d., and 
800 mg b.i.d., reductions in either CSF Aβ42 or plasma Aβ42 were 
not detected and there was no evidence of selective modulation 
of Aβ species, as the proposed mechanism would suggest, even 
though the same surface-enhanced laser desorption/ionization 
time-of-fl ight mass spectrometry (SEDLI-TOF) method did 
show a shift  in Aβ37  /Aβtotal and Aβ42/Aβtotal ratios in conditioned 
media from cells treated with Flurizan in vitro.24 One caveat of 
the study results, as the authors argued, is that sampling time in 
the plasma and CSF may not have been optimal and drug activity 
might have been missed. In this study, only one time point was 
used for both predose baseline and on day 21 of the study for 
both plasma and CSF biomarker measurement. Since it has been 
reported that Aβ levels, especially in the CSF, can vary quite a 
bit depending on the time of collection and within hours in the 
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same individual,25 it would be a more rigorous study design to 
assess plasma and CSF Aβ levels at multiple time points.

At this point in clinical development, there is no clear 
evidence demonstrating that Flurizan engaged its target in 
human subjects. Several sensitive immunoassays have been 
developed to allow measurement of both plasma and CSF Aβ 
peptides and continuous sampling of the plasma and CSF from 
healthy subjects and AD patients is feasible.26 Moreover, gamma 
secretase inhibitors (GSIs) have demonstrated a dose-dependent 
Aβ lowering in the plasma compartment in both healthy subjects 
and AD patients.27,28 Reduction of Aβ42 by a variety of means 
is a widely pursued therapeutic strategy for AD and numerous 
compounds are under development. In such programs, biomarker 
evidence that a drug engages its target and can produce a 
biological response at nontoxic dose range should be considered 
as an essential criterion for advancing a drug candidate before 
substantial resources are committed and a larger number of AD 
patients are exposed for a longer time.

Disease Severity and Progression
Given the variability of clinical effi  cacy measures, most phase 
II trials are not powered to detect signifi cant changes in the 
ADAS-Cog score or ADL. It is therefore even more important at 
this phase of AD drug development to incorporate biomarkers 
to gather supportive evidence of drug activity in the patient 
population. Th e most well-characterized biomarkers that track AD 
disease progression are imaging measures for brain atrophy (eg, 
structural magnetic resonance imaging [MRI]) or cerebral glucose 
metabolism (eg, 2-fl uoro-2-deoxy-D-glucose [FDG-PET]). It is 
true that although these imaging biomarkers have been shown by 
multiple groups to correlate with the disease and possibly disease 
progression,29–31 precisely how a therapeutic intervention would 
aff ect imaging measures is not fully understood. Nevertheless, 
with the extensive resources required to conduct large, long-term 
AD trials to test clinical effi  cacy and the high risk of failure of 
disease modifi ers, it is prudent to buy down the risk of clinical 
development by including such imaging biomarkers as early as 
possible.

Th e Flurizan phase II POC trial was a double-blind and 
placebo-controlled study over a 12-month period that did not 
include any imaging or biochemical biomarker measurements.32

Flurizan 400 mg b.i.d. or 800 mg b.i.d. dose did not reach 
statistical signifi cance in reducing cognitive decline in AD, 
though for patients with milder symptoms, statistical signifi cance 
was almost reached in the two functional scales (p = 0.059). 
Th ere were other interesting signals that subsequently infl uenced 
the phase III study design. In subgroup analyses, the delayed 
deterioration in patients with mild disease receiving high doses 
of the drug and higher drug concentrations were associated 
with better outcomes.32 However, such subgroup analyses are 
known to be unreliable because of the small numbers and 
the possibility that patients in a particular subgroup had less 
aggressive disease. Th e fact that Flurizan showed dose-related 
eff ects on ADL and functional measures but not on cognitive 
measures was puzzling and should raise concerns, as functional 
measures are oft en more variable than the ADAS-Cog score in 
AD clinical trials. In addition, in the phase II trials patients with 
moderate disease had numerically worse scores for Flurizan and 
placebo patients who then started on the drug did not show 
benefi t. Th ese facts could be interpreted as additional negative 
signals against Flurizan’s effi  cacy.

As presented at the International Conference on Alzheimer’s 
Disease (ICAD),33 the phase III study of Flurizan (tarenfl urbil), 
known as Act-Earli-AD, was a well-powered, well-designed, and 
well-conducted trial in subjects with mild AD (mini-mental state 
examination [MMSE] 20–26). Th e 18-month study was designed 
to assess the potential eff ect of Flurizan on cognition, ADL, and 
global function but did not include any imaging or biochemical 
biomarker analysis. Th e treatment groups were well matched 
at baseline, placebo decline rates were as expected over the 
18-month period, and Apolipoprotein E (ApoE) genotypes were 
representative of the typical AD population. No diff erence between 
placebo and treatment groups in clinical outcome measures left  
very little question about the Flurizan’s lack of effi  cacy.

Patient Selection Biomarkers
It is recognized that sporadic AD is not a single disease but 
likely a complex cluster of pathology and syndromes arising 
from interdependent mechanisms. Th erefore, the AD patient 
population comprises heterogeneous groups with a likely 
diff erence in the rate of decline and response to candidate 
treatment. While numerous putative genetic risk factors have 
been identifi ed in AD patients, only the presence of the ApoE4 
allele has been fi rmly established and the analysis of the ApoE 
genotype is increasingly being incorporated into AD drug trials. 
ApoE protein has been proposed to be involved in traffi  cking 
and metabolism of amyloid peptides and ApoE4 carriers have 
increased risk to develop AD at an earlier onset. A posthoc
analysis of ApoE4 carriers versus noncarriers did not reveal 
a diff erential eff ect of Flurizan compared with placebo in the 
phase III study and further confi rmed the lack of clinical 
activity.34

AD patients have also been stratifi ed in clinical trials by 
disease severity, which may infl uence the drug response. For an 
Aβ-lowering therapy, it has been postulated that more mildly 
aff ected patients may show a greater clinical benefi t. Separate 
mildly, moderately, or severely aff ected patient groups have 
been designated based on cognitive parameters, typically MMSE 
scores, rather than mechanistic or pathological criteria or the 
rate of decline. Hints of a response to Flurizan in the mildly 
aff ected subgroup from the posthoc analysis of the phase II data 
led to Myriad’s decision to modify its phase III study design 
and focus exclusively on mild AD patients. In the absence of a 
successful outcome, whether this was a better strategy remains 
unanswered.

Biomarker roadmap for developing AD-modifying 
therapeutics
We propose a rigorous approach to developing AD treatments in 
light of the enormous investment and high risk involved in the 
clinical testing of candidate therapeutics. A robust biomarker 
data set is needed to mitigate the risk of entering lengthy and 
expensive phase II and phase III trials. We propose that for agents 
with proposed Aβ-lowering mechanisms, a detailed analysis be 
undertaken in rodent, non-human primate (NHP), and humans 
to establish the PK/PD relationship in relevant compartments 
such as the plasma, CSF, and brain (Figure 2). The direct 
measurement of Aβ synthesis and clearance rate in and out of 
human CSF would off er a more direct assessment of central-
acting Aβ-lowering agents (Figure 3). We also propose that in 
brain imaging, approaches such as volumetric MRI and cerebral 
glucose metabolism measured by FDG-PET be incorporated 
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into POC studies. As the technology and reagents become more 
mature, patient selection using amyloid imaging might become 
feasible to select the most appropriate patients with defi ned 
amyloid pathology for POC studies in which both plasma- and 
CSF-soluble amyloid species as well as amyloid deposition in 
the brain can be monitored for therapeutic activity. Such POC 
studies will necessitate smaller sample size and may be a shorter 
treatment period; therefore, a defi nitive signal on cognitive and 
functional endpoints is not expected. Convincing drug activity on 
such proximal and mechanism-based biomarkers would increase 
the confi dence in continuing the clinical development program. 
Conversely, the lack of convincing biomarker results should signal 
a great risk in further clinical testing.

Conclusion
In retrospect, the Flurizan 
phase III failure should not 
have been surprising. A 
careful examination of the 
accumulated evidence prior 
to the study start reveals 
weak potency, poor brain 
penetration, and a lack of 
target modulation in human 
subjects or AD patients. 
Close to 2,500 AD patients 
were subsequently exposed 
to an ineffective treatment 
in the phase III study, 
consuming untold resources 
in the process. Th e strategy 
taken with Flurizan certainly 
did not include sufficient 
risk mitigation and multiple 
clinical decision points based 
on biomarker data could have 
been incorporated.
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Figure 2. PK/PD analysis can be performed in multiple compartments across species.

Figure 3. Synthesis and clearance rate of amyloid-β peptide can be measured in human CSF (adapted from Bateman 
et al.,25 with permission). (a) Diagram of an individual with an intravenous catheter in antecubital vein and a lumbar catheter in 
the L3–L4 intrathecal space. 13C6-labeled leucine was infused at a rate of 1.8–2.5 mg/kg/h for 9 or 12 hours after an initial bolus of 
2 mg/kg. Plasma samples are collected through the other intravenous line and CSF samples through the lumbar catheter every hour. 
(b) Labeled leucine in the CSF and blood from an individual during a 36-hour study. Labeled leucine in the CSF and plasma reaches 
a near steady-state level within an hour. There was an exponential decay in labeled leucine levels after the infusion of leucine into 
the bloodstream was stopped at 9 hours. (c) The average labeled CSF Ab over 36 hours from six individuals. The labeled Ab curves 
were averaged and the mean for each time point is shown (±SEM). Each participant underwent labeling for 9 or 12 hours, whereas 
sampling occurred hourly from 0 to 12, 24, or 36 hours. There is no detectable incorporation of the label in the fi rst 4 hours. This is 
followed by an increase in percent labeled Ab, which plateaus near the steady-state levels of labeled leucine (approximately 10%), 
before decreasing over the last 12 hours of the study.
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into POC studies. As the technology and reagents become more 
mature, patient selection using amyloid imaging might become 
feasible to select the most appropriate patients with defi ned 
amyloid pathology for POC studies in which both plasma- and 
CSF-soluble amyloid species as well as amyloid deposition in 
the brain can be monitored for therapeutic activity. Such POC 
studies will necessitate smaller sample size and may be a shorter 
treatment period; therefore, a defi nitive signal on cognitive and 
functional endpoints is not expected. Convincing drug activity on 
such proximal and mechanism-based biomarkers would increase 
the confi dence in continuing the clinical development program. 
Conversely, the lack of convincing biomarker results should signal 
a great risk in further clinical testing.

Conclusion
In retrospect, the Flurizan
phase III failure should not
have been surprising. A
careful examination of the
accumulated evidence prior
to the study start reveals
weak potency, poor brain
penetration, and a lack of 
target modulation in human
subjects or AD patients.
Close to 2,500 AD patients
were subsequently exposed
to an ineffective treatment
in the phase III study,
consuming untold resources
in the process. Th e strategy 
taken with Flurizan certainly 
did not include sufficient
risk mitigation and multiple
clinical decision points based
on biomarker data could have
been incorporated.
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