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The AD core CSF biomarkers
reflect key pathogenic events and are highly clinically validated

188 studies
 20.600 AD patients and controls
 Effect size 2.48

CSF T-tau
Intensity of neurodegeneration 

 168 studies
 19.600 AD patients and controls
 Effect size 0.56

CSF Aβ42

 Brain amyloid deposition

 116 studies
 14.300 AD patients and controls
 Effect size 1.88

CSF P-tau

 Phosphorylation state of tau
and tau pathology

AlzBiomarker database - Version 2.0    April 26, 2017 



Background for starting the Alzheimer’s Association CSF program

 Large variability for CSF Aβ42 across laboratories

Variability due to:

Pre-analytical factors e.g. type of test tube, CSF transfer, freeze-thaw effects,
Analytical factors e.g. analytical procedures, technician training, run acceptance
Assay manufacturing e.g. reagent purity, plate coating variability, calibrator stability,

lot-to-lot consistency (batch bridging procedure)



The Alzheimer’s Association QC program for CSF biomarkers

Principle for the QC program:
For each round, 3 QC samples (pooled CSF) are sent out 

2 unique samples   - for comparisons between labs
1 identical sample - for comparisons over time > 90 labs

Frequency: 3 times per year

 Need of standardization efforts

• Ongoing project since 2009
• Led by Gothenburg University, funded by the Alzheimer’s Association (private sponsor)



High precision Mass spectrometry-based technique

Certified calibrator (amino acid analysis)

Tested in Round Robin studies

Intended use Assign value on Certified Reference Material

Reference Measurement Procedure (RMP)

Golden standard method
for absolute quantification

Large aliquoted CSF pool Exact level set using RMPs

Commutability between assays tested

Tested for long-term stability etc.

Intended use Distribution to kit vendors and large labs Harmonize CSF levels between assay formats

Assure stability between production lots

Certified Reference Material (CRM)

Golden standard CSF
with exact levels

IFCC Work Group for CSF proteins (IFCC WG-CSF)
and

Global Biomarker Standardization Consortium (GBSC)



 Antibody-free Single Reation Monitoring (SRM) Triple Quad mass spec method for CSF Aβ isoforms

Reference method for CSF Aβ42 - Validated ”Golden standard” method

Separation of Aβ by HPLC

Vantage Triple Quad mass spectrometry

CSF + 
internal Aβ standards

Guanidine HCl
→ denaturation SPE antibody-free

purification

Elute + dry
+ redissolve in

ACN and NH4OH

Quantification of Aβ isoforms

5.5 6.0 6.5 7.0 7.5
Time (min)

Aβ1-38 Aβ1-42

Aβ1-40

Endogenous Aβ
Aβ standards

• Isotope labelled Aβ calibrator added to the CSF sample (and thus processed identically)
• No antibodies involved 

 absolute quantification without interference (matrix effects)



Mass spectrometry Reference measurement procedure (RMP) for CSF Aβ42

 Certified methods for harmonization of results between assays and laboratories

Joint Committee for Traceability
in Laboratory Medicine (JCTLM) approvals



• Native CSF pools commutable for almost all method combinations
• CSF pool with spiked Aβ42 was only commutable at low levels

 Three different levels of native CSF pools will be used for three CRMs



Certified Reference Materials for CSF Aβ42

 Harmonize CSF Aβ42 readouts between assay formats (different immunoassays)

 Candidate RMP for CSF Aβ40 submitted to JCTLM
 One of the CRMs will be used also for CSF Aβ40

 Work in ongoing for a CSF tau mass spec RMP and a CRM for tau

 The CRMs (+dilutions) can be run as a standard curve, 
to calibrate the master calibrator for an immunoassay



CSF biomarker assays on fully automated clinical analyzers

• Fully automated – no variations due to differences in laboratory procedures  
- precise: low between-run, between-batch and between-lab variations

 Give promise of uniform cut-off levels

 Single sample analysis  analyses can be done directly – better service / fast results to the clinician

 no need to await enough samples (n= 35 or 70) to fill an ELISA plate

 Assays available or under development on several platforms:

Cobas Elecsys  - Roche

Lumipulse - Fujirebio

RA Analyzer - Euroimmune



 CSF assays on fully automated analyzers show a marked improvement in performance

 LLOQ 11 pg/mL, linear range 200–1700 pg/mL
 High lot-to-lot comparability (r= 0.0.995)
 High precision (repeatability CVs of 1.0%–1.6%)

 standardized to the mass spectrometry RMP
for CSF Aβ42 (r= 0.93)  



Study design:   

Elecsys assays for Aβ1-42, tTau and Ptau

BioFINDER (n= 277)  and ADNI (n=  646)

Aβ42 pTau/Aβ42                              tTau/Aβ42                                

 CSF pTau/Aβ42 and tTau/Aβ42 show very high concordance with amyloid PET

Performance of CSF biomarkers vs. visual amyloid PET

Inter-rater PET agreement OPA = 90%
Visual vs. SUVR PET agreement OPA = 90-91%



 CSF assays on fully automated analyzers show a marked improvement in performance

New fully automated techniques in
the Alzheimer’s Association QC program for CSF biomarkers

LumipulseCobas Elecsys



 LLOQ =  0.3 pg/mL (70 pg/mL for ELISA
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 Very high correlation between plasma and CSF

Vinnova (University – Small Enterprise)  project in 2013:

Aim to develop a Simoa assay for NFL in blood,
for use as a biomarker for traumatic brain injury (TBI):

- the same Mabs as in the Uman diagnostics ELISA
- purified bovine NFL as calibratior

Development of the Simoa assay for NFL in blood



 All three assays correlate tightly for CSF samples

 Poor correlations in serum - the ECL and ELISA assay lack analytical sensitivity



Very marked increase in serum-NFL
(400 – 4400 % of controls)

Predicts 1-year clinical outcome
Increased serum NFL after bout
Higher level with more severe head impact



ADNI cohort:     180 AD dementia, 197 MCI, 193 controls

High AUC values for AD dementia,
similar to CSF Aβ42, T-tau and P-tau

Plasma NFL is increased in AD and MCI



Plasma NFL and amyloid load

ADNI cohort

193 controls, 197 MCI

Kerr Anglican Retirement Village Initiative
in Ageing Health (KARVIAH) cohort

100 cognitively normal elderly

Slightly higher plasma NFL associated with

amyloid load in MCI but not in controls

Mattsson N et al. JAMA Neurol 2017
Chatterjee P et al. J Alzheimer Dis 2018, in press

No difference in plasma NFL between
amyloid positive and negative normal elderly

Higher amyloid load in highest plasma NFL quartiles

Q1 < 23   Q2 23-34  Q3 34-45  Q4 >45 pg/mL

Within APOE ε4 non-carriers (n=65)



Plasma NFL and cognition

ADNI cohort

180 AD dementia, 197 MCI, 193 controls

Kerr Anglican Retirement Village Initiative
in Ageing Health (KARVIAH) cohort

100 cognitively normal elderly

Chatterjee P et al. J Alzheimer Dis 2018, in press

High plasma NFL associated with worse cognition
(episodic memory and executive function)

High plasma NFL

associated with baseline MMSE and ADAS-COG
And predicts future rate of cognitive decline,

Mattsson N et al. JAMA Neurol 2017



Study design:
• 18 symptomatic FAD (APP or PSEN)
• 19 pre-symptomatic carriers
• 11 non-mutation carriers

Plasma NFL show promise as a future screening test for neurodegeneration

N.B. Plasma NFL is not AD specific - increase found in several neurodegenerative disorders 

EYO

Weston, PSJ, et al. 



Mattsson N et al, 2017

NFL in blood is a sensitive but disease-unspecific biomarker for neurodegeneration

Plasma NFL in other neurodegenerative disorders

Rohrer JD et al, 2016



Reduction in serum NFL with DMTs and with more effective DMTs
 Serum NFL may be useful to monitor downstream drug effects on intensity of neurodegeneration

 148 MS patients – followed with/without treatmen during 12 monts
 Less effective DMTs (e.g. interferon-β)  more effective DMTs (e.g. fingolimod, natalizumab, or rituximab)

Plasma NFL to monitor treatment effects on neurodegeneration



• Plasma NFL may be useful to screen for neurodegeneration
in the first assessment of patients with cognitive symptoms

• May guide clinical management:

- normal       no further examination
- increased  admission to specialist clinic

Blood biomarkers for AD

• At the specialist clinic – detailed diagnostic evaluation using 2nd grade biomarkers

• Blood NFL may also be valuable in clinical trials

- to identify and monitor drug effects on neurodegeneration
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