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l. What is AD?

Classical concept

Clinical-pathological entity:

- Dementia in-vivo

- Characteristic pathological lesions ex-vivo
- “Passive” diagnosis: exclusion of other
causes

Alois Alzheimer 1907
NINCDS-ADRDA (Bielchowsky's technique)

(McKhann et al. 1984)
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Appearance of Plaques vs. Dementia
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Current AD concept

Early-diagnosis and treatment
Care

Research / Clinical trials
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NINDS-ADRDRA 1984 diagnostic performance

Neuropathological AL
Definition

CERAD NP Freq
Braak Stage V or VI

N =427

CERAD NP Mod or Fr
Braak Stage V or VI

N =486

CERAD NP Freq
Braak Stage III - VI

N =490

CERAD NP Mod or Fr
Braak Stage III-VI

N =618

Neuropathological AD
Definition

CERAD NP Freq

Braak Stage V or VI
N =427

CERAD NP Mod or Freq

Braak Stage V or VI
N =486

CERAD NP Freq

Braak Stage I1I - VI
N =490

CERAD NP Mod or Freq

Braak Stage II1-VI
N=618

Clinically Probable AD |

N =526
N =327
PPV =62.2%

N =366
PPV = 69.6%

N =368
PPV =70.0%

N =438
PPV =83.3%

Beach et al. J Neuropathol Exp Neurol 2012




1. Physicians are very skilled at diagnosing an AD type
amnestic phenotype
AD type phenotype 7( AD (as proven by pathology)

2. AD has non-amnestic clinical presentations
AD pathology: PCA 60-90%, CBS 25-35%, PPA 30-40%,bvDFT 10-20%

Clinic-pathological mismatch
Renner Neurology 2004, Tang-Way Neurology 2004, Alladi Brain 2007, Stopford Cortex
2008, Balasa Neurology 2011, Snowden Brain 2011

U

Clinical diagnosis must be improved:
* New diagnostic criteria (IWG, NIA-AA)
« Specific in-vivo biomarkers (subpopulations)
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Research criteria for the diagnosis of Alzheimer’s disease:
revising the NINCDS-ADRDA criteria

Bruno Dubois*, Howard H Feldman*, daudiaJ acowg, StevenT DeKosky, Pascale Barberger- Gateau, Jeffrey Cummings, André Delacourts,
Douglas Galasko, Serge Gauthier, Gregory Jicha, KenichiMeguro, John O'Brien, Florence Pasquier, Phiippe Robert, Martin Rossor, Steven Salloway,
Yaakov Stern, Pieter ) Visser, Phiip Scheltens

The NINCDS-ADRDA and the DSM-IV-TR criteria for Alzheimer’s disease (AD) are the prevailing diagnostic
standards in research; however, they have now fallen behind the unprecedented growth of scientific knowledge.
Distinctive and reliable biomarkers of AD are now available through structural MRI, molecular neuroimaging with
PET, and cerebrospinal fluld analyses. This progress provides the impetus for our proposal of revised diagnostic
criteria for AD. Our framework was developed to capture both the earliest stages, before full-blown dementia, as well
as the full spectrum of the illness. These new criteria are centred on a clinical core of early and significant episodic
memory impairment. They stipulate that there must also be at least one or more abnormal biomarkers among
structural neuroimaging with MRI, molecular neuroimaging with PET, and cerebrospinal fluid analysis of amyloid

Curie-Paris#, Paris, France
(B Dubais MD); Divisice of
Neurolagy, University of
Biitish Columbia and

or tau proteins. The timeli of these criteria is highlighted by the many drugs in development that are directed at
changing pathogenesis, particularly at the production and clearance of amyloid p as well as at the hyperphosphorylation
state of tau. Validation studies in existing and prospective cohorts are needed to advance these criteria and optimise
their sensitivity, specificity, and accuracy.

Alzheimer's & Dementia ll (2011) [-10
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The diagnosis of mild cognitive impairment due to Alzheimer’s discase:
Recommendations from the National Institute on Aging and Alzheimer's

Association workgroup

Marilyn S. Albert*#, Steven T. DeKosky™, Dennis Dickson’, Bruno Dubois®,
Howard H. Feldman', Nick C. Fox®, Anthony Gamst®, David M. Holtzman®, William J. Jagust®,

Ronald C. Petersen’, Peter J. Snyder™", Maria C. Carrillo°, Bill Thies®, Creighton H. Phelps?
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Alzheimer’s & Dementia ll (2011) 1-7

The diagnosis of dementia due to Alzheimer’s disease:
Recommendations from the National Institute on Aging and

the Alzheimer’s Association workgroup

Guy M. McKhann®**, David S. Knopman®, Howard Chertkow®®, Bradley T. Hymanf,
Clifford R. Jack, Jr.8, Claudia H. Kawas™", William E. Klunk¥, Walter J. Koroshetz',
Jennifer J. Manly™"™°, Richard Mayeux™"°, Richard C. MohsP, John C. Morris?,
Martin N. Rossor", Philip Scheltens®, Maria C. Carillo', Bill Thies', Sandra Weintraub™",

Creighton H. Phelps™



lll. AD biomarkers
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CSF biomarkers

Cerebrospinal Fluid AR42:P-Tau Ratio
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AD signature: low AB42 and high t-tau and p-tau
Sensitivity and specificity >80% AD/FTLD/Controls



Biomarker supported diagnosis (Albert 2011, McKhan 2011)

Biomarker probability of

AD etiology

Amyloidosis

Neurodegeneration

Uninformative

Untested / conflicting

Untested / conflicting

Positive Unavailable
Intermediate
Unavailable Positive
High Positive Positive
Probably not due
Negative Negative

to AD

» Early-onset cognitive impairment
» Non-amnestic clinical presentations

» MCI etiological diagnosis and prognosis




Ventricular CSF AB42 (pg/mL)

Good correlation with core pathological findings (amyloid
plagues / NF tangles)

Strozyk et al. Neurology 2003 Buerger et al. Brain 2006
Engelborghs et al. Neurobiol aging 2008 Shaw et al. Ann neurol 2009
Tapiola et al. Arch neurol 2009 Seppala et al. Neurology 2012
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Non-amnestic AD presentations
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MCI — heterogeneous clinical syndrome

Etiology Medical
Degenerative  Vascular ~ Psychiatric ~ Conditions
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Subsequent clinical
evolution depends
on the cause

TABLE 2. Reversion Rates for Global Geographic Region

Reversion
Rate (%) 95% CI I (%) 95% CI

North America 22.38 15.18-30.53  97.48  96.63-98.11

Europe 26.59 18.62-35.41  97.27  96.34-97.97
Asia 12.24 6.52-19.46  51.42  0.00-87.72

95% CI indicates 95% confidence interval; I, measure of heterogeneity.

Malek-Ahmadi 2016
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CSF biomarkers: “bimodal”
distribution in clinical MCI cohorts
Most of the subjects: clear
results

Some undetermined /less helpful
determinations.
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MCI follow-up
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MCI evolution
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Figure 2 Survival curves as a function of risk factor combinations
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Clinical practice (10-30% diagnostic changes)

Author Setting Biomarker N Diagnostic changes after bio
LeBastard Memory clinic CSF 157 CSF correctly classified 85% of
Neurobiol aging autopsy subjects with ambiguous clinical
2010 (Antwerp) diagnosis
Kester Memory clinic CSF 109 10%

Dem Ger. Cogn Dis (Alkmaar)

2010

Grundman Memory clinics Florbetapir 229 35% changes from AD to non-AD
Alz dis assoc dis (USA) *15% increase ACl in + scans
2013 * 24% decrease ACl in - scans
Sanchez-Juan Research cohort PIB-PET 140 10%

Neurology 2014 (UCSF) FDG-PET

Ossenkoppele Memory clinic PIB-PET 154 23%

Alz&Dem 2013 (Amsterdam) FDG-PET

Mitsis Mol neurodeg  Memory clinic Florbetapir 30 30%

2014

(New York)




IV. Implementation in Ireland (BIOMARKAPD
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Clinical consensus guidelines on the application of cerebrospinal fluid biomarkers for
Alzheimer’s disease diagnosis: recommendations of the Irish Network for Biomarkers
in Neurodegeneration

Miller Anne-Marie?, Begley E®, Coen R¢, Doyle M®, Dunne J¢, Hutchinson S¢, Kennelly SP",
Kenny RA? Killeen RP?, Lynch A" O'Dwyer S¢, O'Neill C', O’'Sullivan SS!, Rowan MJ¥,
Sheehy N', McGuigan C™", Lawlor BA®°.

CSF sample acquisition and processing

Activity Recommendation
LP execution Use a small bore atraumatic needle of at least 22 gauge to reduce the risk of post-LP
headache.

Needle insertion should be at L3/L4 or L4/L5 (or L2/L3 or L3/L4 if performed under
fluoroscopy guidance).

CSF sample Discard the first 0.5-1mL of CSF if blood is observed, with the remaining sample being
collection collected in a new clean tube. Collect CSF sample (4mL for clinical diagnosis; circa 10-12mL
for research purpbses) in a polypropylene tube to prevent adherent proteins (e.g. AB42) from
sticking to the collection tube. Send the sample to the local laboratory without undue delay for

processing.
CSF A portion of CSF should be made available for routine CSF analysis (cell counts, differential
processing / and total protein, 1gG, IgM, glucose and lactate). Remaining CSF should be centrifuged at
storage room temperature for ten minutes at 2000g (rcf). Aliquots of CSF supernatant (minimum 250-

500pl) should be made in polypropylene tubes and kept upright until frozen (-20°C for routine
clinical analysis; -80°C for long term storage).
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Biological classification

® AD high-likelihood

© AD intermediate likelihood
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Grey areas

Inter-laboratory variability (not an issue in Ireland, sample
recollection)

Undetermined/conflicting results — clinical expertise
Target population?

Accessibility



Conclusions

« AD pathological process evolves during decades prior to
symptoms

« Clinical criteria will fail to provide an accurate diagnosis in a
relevant number of cases

« AD biomarkers test the presence of the core physio-
pathological AD process

« New AD diagnostic criteria allow clinical use of CSF
biomarkers for improving diagnostic performance

* Increasing post-implementation use in Ireland



