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Study to improve methods for conducting Study to improve methods for conducting 
treatment and prevention trialstreatment and prevention trials

•• Currently, there are no treatments which slow the progression Currently, there are no treatments which slow the progression 
of Alzheimerof Alzheimer’’s disease (AD)s disease (AD)

•• However, substantial progress has been made towards However, substantial progress has been made towards 
understanding ADunderstanding AD

•• PHARMA is developing new diseasePHARMA is developing new disease--modifying treatments modifying treatments 
which are hoped to slow the progression of ADwhich are hoped to slow the progression of AD

•• The AlzheimerThe Alzheimer’’s Disease s Disease NeuroimagingNeuroimaging Initiative (ADNI) will Initiative (ADNI) will 
provide imaging and biomarker data, improved methods, and provide imaging and biomarker data, improved methods, and 
a network of sites which should greatly facilitate treatment a network of sites which should greatly facilitate treatment 
trials, ultimately leading to development of effective therapy.trials, ultimately leading to development of effective therapy.

•• The The methodologicmethodologic and clinical validation of imaging and and clinical validation of imaging and 
biochemical biomarkers is a key part of the ADNI study.biochemical biomarkers is a key part of the ADNI study.
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Criteria for an ideal biomarker for early Criteria for an ideal biomarker for early 
detection of ADdetection of AD

•• Detect a fundamental feature of neuropathology & Detect a fundamental feature of neuropathology & 
validation in neuropathvalidation in neuropath--confirmed casesconfirmed cases

•• Diagnostic sensitivity for detection of AD >80% & specificityDiagnostic sensitivity for detection of AD >80% & specificity
>80% for distinguishing from other dementias>80% for distinguishing from other dementias

•• Reliable, reproducible testReliable, reproducible test
•• NonNon--invasiveinvasive
•• Simple to performSimple to perform
•• Reasonable costReasonable cost

FrankRAFrankRA, et al, 2003; , et al, 2003; CrowdonJHCrowdonJH, et al, 1998, et al, 1998



I – MCI (n = 400)

All subjects (age 55All subjects (age 55--90): 90): 
••Clinical MRI (1.5 T) at all timeClinical MRI (1.5 T) at all time

pointspoints
••FDG PET at all time points inFDG PET at all time points in

50% 50% 
••3 T MRI at all time points in   3 T MRI at all time points in   

25%25%
••PIB addPIB add--on study underwayon study underway
••Blood and urine at all timeBlood and urine at all time

points from all subjects; CSFpoints from all subjects; CSF
from 50% of subjects at BL &from 50% of subjects at BL &

12 12 mosmos, but efforts underway , but efforts underway 
extend to 24, 36 extend to 24, 36 mosmos

III – Controls (n = 200)

Baseline               6  months 12 months                18 months                 24 months 36 months

Baseline                6  months                   12 months   24 months

Baseline                6  months 12 months             24 months                 36 months

Biofluid sampling schedule for the ADNI studyBiofluid sampling schedule for the ADNI study

II – AD (n = 200)



Qualification of the analytical and clinical performance of Qualification of the analytical and clinical performance of 
CSF ACSF Aββ11--4242, tau and p, tau and p--tautau181p181p in the ADNI studyin the ADNI study

1.  Selection of CSF1.  Selection of CSF AAββ11--4242, tau, p, tau, p--tautau181p181p based on prior studies from different laboratories based on prior studies from different laboratories 
that showed their promise for AD detection & a consensus among ethat showed their promise for AD detection & a consensus among experts in this fieldxperts in this field

2.  Pre2.  Pre--analytical factorsanalytical factors
Identify and control for preIdentify and control for pre--analayticalanalaytical variablesvariables

•• Time of day for Time of day for lplp
•• Collection tube typeCollection tube type

3.3. Analytical performanceAnalytical performance
Assure stability of reproducibility of test performanceAssure stability of reproducibility of test performance

•• Within each runWithin each run
•• Day to dayDay to day
•• Among expert laboratoriesAmong expert laboratories

4.  Clinical diagnostic performance4.  Clinical diagnostic performance
Using the qualified test methodUsing the qualified test method

•• Establish sensitivity and specificity in an ADNIEstablish sensitivity and specificity in an ADNI--independent set of CSF samples from individuals with independent set of CSF samples from individuals with 
autopsyautopsy--confirmed ADconfirmed AD

•• Use diagnostic Use diagnostic cutpointscutpoints derived from the ADNIderived from the ADNI--independent data to assess and characterize an AD CSF independent data to assess and characterize an AD CSF 
pathologic biomarker signature in the ADNI subjectspathologic biomarker signature in the ADNI subjects



CSF Tau, ACSF Tau, Aββ11--4242, pTau, pTau181p181p::
measured using the measured using the LuminexLuminex multiplex platform and multiplex platform and 

InnogeneticsInnogenetics INNOINNO--BIA AlzBio3 immunoassay reagentsBIA AlzBio3 immunoassay reagents
Key characteristics of the xMAP system compared to ELISA:

3-10%;excellent test-re-test precision and better dynamic
range for xMAP calibration curves.

precision

ELISA Tau concentrations ~4x higher than ELISA Tau concentrations ~4x higher than xMAPxMAP; A; Aββ11--4242
~2x higher than ~2x higher than xMAPxMAP; pTau; pTau181p181p ~25% higher than ~25% higher than xMAPxMAP

Equivalent clinical correlation for Equivalent clinical correlation for xMAPxMAP vsvs ELISAELISAbiomarker concentrations

Completed 7 lab interlab
validation study

Analytical validation

125 μL(x2)75 μL(x2)olume
13biomarker tests per run

Antibody coats plate wellAntibody covalently bound 
to beads

ormat

ELISAELISAxMAPxMAP
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AD (n=102) Tau Aβ1-42 P-Tau181P Tau/Aβ1-42 P-Tau181P/Aβ1-4
Mean±SD 122±58 143±41 42±20 0.9±0.5 0.3±0.2

MCI (n=200)
Mean±SD 103±61 164±55 35±18 0.8±0.6 0.3±0.2

NC (n=114)
Mean±SD 70±30 206±55 25±15 0.4±0.3 0.1±0.1

ADNI BASELINE CSF biomarker concentrations show the expected aveADNI BASELINE CSF biomarker concentrations show the expected averagerage
differences between AD and MCI and NC  differences between AD and MCI and NC  

<0.0001, for each of the 5 biomarker tests for AD vs NC and for MCI vs NC.  
or AD vs MCI:p<0.005, Tau; p<0.01, Aβ1-42; p<0.01, P-Tau 181P; p<0.0005, Tau/Aβ1-42; p<0.005, P-Tau 181P/Aβ1-4

Mann-Whitney test for statistical differences used for these non-normally distributed data sets.



Qualification of the multiplex immunoassay system for AD Qualification of the multiplex immunoassay system for AD 
detection using an ADNIdetection using an ADNI--independent set of independent set of 

autopsyautopsy--based AD based AD vsvs NC subjectsNC subjects’’ CSF samplesCSF samples

AD (n=58) Tau Aβ1-42 P-Tau 181P Tau/Aβ1-42 P-Tau181P/Aβ1-42 

Mean±SD 135±95 132±34 39±29 1.1±1.0 0.3±0.2
NC (n=57)

Mean±SD 57±30 233±58 18±16 0.3±0.2 0.1±0.1

Clark C, et al, 2008
8 autopsy-based AD cases and 57 NC subject CSF samples were included in this study.  

Using the Innogenetics Inno-Bia AlzBio3 research immunoassay reagents and Luminex platform: 
AD mean age+SD; median age(range): 71±10; 75(44-86);
NC mean age+SD; median age(range): 70±11; 69(41-94);



82.477.385.767.981.890.7ositive predictive 
alue (%)

88.981.585.273.187.080.6est accuracy (%)

10088.184.670.495.273.8Negative predictive 
alue (%)

71.2

91.1

0.10

0.856

p-tau181p/Aβ1-42

76.9

100

0.22

0.938

LR

84.673.176.992.3Specificity (%)

85.767.996.469.6Sensitivity (%)

0.3923 ng/mL192 ng/mL93 
ng/mL

hreshold values
0.9170.7530.9130.831ROC AUC

Tau/Aβ1-42p-Tau181pAβ1-42Tau

ROC curve characterization of diagnostic utility of multiplex ROC curve characterization of diagnostic utility of multiplex 
immunoassay system for AD detection using an ADNIimmunoassay system for AD detection using an ADNI--

independent set of independent set of 
autopsyautopsy--based AD based AD vsvs NC subjectsNC subjects’’ CSF samplesCSF samples



ROC curves for the non-ADNI autopsy-based AD cases vs non-ADNI NC subjects. The
LR model, Aβ1-42, and tau/Aβ1-42 ratio are the independent variables whose ROC curves are shown.
B. ROC curves for ADNI probable AD vs NC subjects. The LR model described in results, Aβ1-42, and
tau/Aβ1-42 ratio are the independent variables whose ROC curves are shown.



requency distribution of CSF Aβ1-42 concentration in the ADNI AD, MCI and NC groups at their baseline visit. 



β1-42 concentrations in CSF, collected at the baseline visit, of 37 ADNI MCI subjects who at their one year visit converted to a 
agnosis of probable AD.  The data points for the MCI→AD converters are presented as a horizontal dot plot with the x axis scale 
entical to that of the Ab1-42 frequency plot for the entire ADNI MCI group.
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