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Abstract

Objective: Accumulation of amyloid-b is among the earliest changes in Alzhei-

mer’s disease (AD). Amyloid-b positron emission tomography (PET) and Ab42
in cerebrospinal fluid (CSF) both assess amyloid-b pathology in-vivo, but 10–
20% of cases show discordant (CSF+/PET� or CSF-/PET+) results. The neu-

ropathological correspondence with amyloid-b CSF/PET discordance is

unknown. Methods: We included 21 patients from our tertiary memory clinic

who had undergone both CSF Ab42 analysis and amyloid-b PET, and had neu-

ropathological data available. Amyloid-b PET and CSF results were compared

with neuropathological ABC scores (comprising of Thal (A), Braak (B), and

CERAD (C) stage, all ranging from 0 [low] to 3 [high]) and neuropathological

diagnosis. Results: Neuropathological diagnosis was AD in 11 (52%) patients.

Amyloid-b PET was positive in all A3, C2, and C3 cases and in one of the two

A2 cases. CSF Ab42 was positive in 92% of ≥A2 and 90% of ≥C2 cases. PET

and CSF were discordant in three of 21 (14%) cases: CSF+/PET� in a patient

with granulomatosis with polyangiitis (A0B0C0), CSF+/PET� in a patient with

FTLD-TDP type B (A2B1C1), and CSF-/PET+ in a patient with AD (A3B3C3).

Two CSF+/PET+ cases had a non-AD neuropathological diagnosis, that is

FTLD-TDP type E (A3B1C1) and adult-onset leukoencephalopathy with axonal

spheroids (A1B1C0). Interpretation: Our study demonstrates neuropathological

underpinnings of amyloid-b CSF/PET discordance. Furthermore, amyloid-b
biomarker positivity on both PET and CSF did not invariably result in an AD

diagnosis at autopsy, illustrating the importance of considering relevant comor-

bidities when evaluating amyloid-b biomarker results.

Introduction

Among the earliest neuropathological events in Alzhei-

mer’s disease (AD) is the accumulation and aggregation

of amyloid-b, which occurs decades before symptom

onset.1 Amyloid-b can aggregate in the brain parenchyma

as plaques or in the cerebral vasculature as cerebral

amyloid angiopathy (CAA). Two methods are currently

employed to assess amyloid-b pathology in-vivo. Ab42
levels in the cerebrospinal fluid (CSF) reflect the concen-

trations of soluble amyloid-b, which has been shown to

correlate with amyloid-b deposits in the brain.2 Alterna-

tively, positron emission tomography (PET) with amy-

loid-b radiotracers can be used to visualize cerebral
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amyloid-b deposits.3–5 These two methods are considered

interchangeable for the assessment of amyloid pathology

in-vivo and for the diagnosis of AD in both clinical prac-

tice and research.6,7

In the majority of cases amyloid-b PET and CSF are

concordant, but in 10–20% of patients they show discor-

dant (CSF+/PET� or CSF-/PET+) results.8,9 One possible

hypothesis for the amyloid-b CSF/PET discordance is that

soluble CSF Ab42 decreases before significant fibrillar

amyloid-b deposits can be detected by PET.10,11 Although

studies have been performed to compare either amyloid-b
PET or CSF Ab42 to neuropathological examination

results,2–5 so far no head-to-head cohort studies have

been performed to compare in-vivo amyloid-b CSF and

PET results to neuropathological findings. Previously, two

case reports of patients with discordant amyloid-b CSF/

PET (both CSF+/PET�) and available neuropathology

have been published,12,13 in which the negative PET signal

was attributed to the lack of neuritic plaques at autopsy.

Further investigating the correspondence between amy-

loid-b PET, CSF, and neuropathology (“standard of

truth”) is important to shed light on the underlying cause

of amyloid-b CSF/PET discordance. Also, if CSF+/PET-
amyloid-b status is an indicator of early amyloid-b
pathology, this could be instrumental for future disease

modifying therapies.14 Therefore, the aim of this study

was to investigate the concordance between PET and CSF

amyloid-b status in a sample with available neuropatho-

logical results and to characterize the amyloid-b CSF/PET

discordant cases neuropathologically.

Methods

Participants

We retrospectively included 21 autopsy cases from the

Amsterdam Dementia Cohort who had undergone both

CSF Ab42 analysis and amyloid-b PET during life.

Patients visiting our tertiary memory center are screened

according to a standardized protocol,15 including a clini-

cal and neuropsychological evaluation, APOE genotyping,

magnetic resonance imaging (MRI), and a lumbar punc-

ture (LP) for CSF biomarker analysis. Clinical diagnosis is

determined during a multidisciplinary meeting.

Amyloid-b PET and CSF analyses were performed

between 2007 and 2016 and neuropathological diagnosis

was performed between 2011 and 2019 (Fig. 1). In this

sample, LP for CSF analysis always preceded amyloid-b
PET and, the median CSF-PET time was 28 [interquartile

range (IQR): 18, 56] days. The median time difference

between amyloid-b PET and patient death was 3.0 (IQR:

1.7, 6.5) years and the time difference between LP and

patient death was 3.3 (IQR: 2.0, 6.7) years.

Cerebrospinal fluid

CSF was obtained during life by LP between L3/4 and L5/

S1, using a 25-gauge needle and a syringe.16 Samples were

collected in polypropylene collection tubes and cen-

trifuged at 1800g for 10 min at 4°C and thereafter frozen

at �20°C until routine biomarker analysis. Manual analy-

ses of Ab42, total tau (t-tau), and phosphorylated tau (p-

tau) were performed using sandwich ELISAs (Innotest

assays: b-amyloid1-42, tTAU-Ag, and PhosphoTAU-181p;

Fujirebio) in the Neurochemistry Laboratory of the

Department of Clinical Chemistry of Amsterdam UMC. If

two CSF results were available, we used the result closest

to the amyloid-b PET (three cases, all with concordant

Ab42 status between two samples). As median CSF Ab42
values of our cohort have been gradually increasing over

the years, we were unable to use the original CSF Ab42
values.17 Therefore, we used CSF Ab42 values that have

been adjusted for the longitudinal upward drift with a

uniform cutoff of 813 pg/mL (<813 pg/mL considered as

CSF amyloid-b positive).18 Additionally, as it has been

previously shown that the ratio of CSF Ab42 with CSF

(p)tau is superior to CSF Ab42 in predicting the diagnosis

of AD,19 we also used a CSF p-tau/Ab42 ratio with a pre-

viously validated cutoff of 0.054.20 This cutoff was

obtained by mixture modeling of 2711 CSF results of the

Amsterdam Dementia Cohort, similar to previous work.18

Amyloid-b positron emission tomography

Amyloid-b PET was performed using the following PET

scanners: ECAT EXACT HR + scanner (Siemens Healthcare,

Germany), Gemini TF PET/CT, Ingenuity TF PET-CT, and

Ingenuity PET/MRI (Philips Medical Systems, the Nether-

lands). We included 15 cases with [11C]Pittsburgh Com-

pound B (PIB),21 three with [18F]florbetaben,22 and three

with [18F]flutemetamol.23 Amyloid-b PET status (positive or

negative) was determined by a majority visual read of three

reads. All scans were initially read by an expert nuclear medi-

cine physician (BvB, from 2007 to 2016, read 1). In addition,

in 2019 the scans were reread for this study by BvB (read 2)

and LC (with extensive experience in reading amyloid-b PET

scans, read 3), while being blinded to the results of other

visual reads, CSF, and neuropathological results. The three

amyloid-b PET visual reads were concordant (either +/+/+
or �/�/�) in 18 of 21 cases. In the three remaining cases

(nr 5, 10, 19), two of the three visual reads were positive,

and as such these cases were considered PET positive.

Neuropathology

Autopsies were performed by the Department of Pathol-

ogy of Amsterdam UMC; location VUmc for the
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Netherlands Brain Bank or for VUmc. Brain donors or

their next of kin signed informed consent regarding the

usage of brain tissue and clinical records for research pur-

poses. Brain autopsies and neuropathological diagnosis

were performed according to the international guidelines

of Brain Net Europe II consortium (http://www.brainnet-

europe.org) and the applicable diagnostic criteria.24,25 For

this particular study, every case also without suspicion of

AD pathology during life was scored by AR and BB for

AD neuropathological changes according to the ABC

scoring system by AR and BB,24 in which the A stands

for amyloid-b Thal phase,26 B for Braak stage for neu-

rofibrillary tangles,1 and C for CERAD criteria for neuritic

plaques.27 When present, CAA was classified as Type 1

(including capillaries in the parenchyma) or Type 2 (lep-

tomeningeal/cortical without capillary involvement) and

staged according to Thal et al.28

Statistical analysis

Statistical analysis was conducted using R software (Ver-

sion 3.6.1). We used descriptive statistics to characterize

the sample. We used the Cochrane–Armitage trend test to

examine the associations between amyloid-b biomarkers

and the neuropathological ABC scores,29 which allowed

us to compare both PET and CSF to neuropathology as

we had only binarized results available for amyloid-b
PET.

Results

Study population

In our sample of 21 cases, 16 (76%) were male and 10

(48%) were carriers of an APOE e4 allele (Table 1). Mean

age at death was 65 � 8 years and the average last known

Mini-Mental State Examination (MMSE, median 2.0 years

before death) was 20 � 6. Eleven (52%) patients had a

clinical diagnosis of AD, which was in accordance with

neuropathological diagnosis in all AD cases. Two cases (4

and 15, both CSF/PET concordant) carried an autosomal-

dominant mutation associated with AD. In 15 (71%)

cases CAA (11 CAA-Type 1, 4 CAA-Type 2) was observed

at neuropathological examination.

In vivo amyloid-b status

Thirteen (62%) cases were defined as amyloid-b positive

based on PET, 14 (67%) based on CSF Ab42, and 11

(52%) based on CSF p-tau/Ab42 ratio. In our sample,

CSF/PET discordants
CSF+/PET+/AD-

Figure 1. Time between lumbar puncture, amyloid-b PET, and patient death. Abbreviations: AD Alzheimer’s disease, CSF cerebrospinal fluid, PET

positron emission tomography.
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CSF Ab42 and amyloid-b PET were concordant in 18

(86%) cases. CSF p-tau/Ab42 ratio was concordant with

amyloid-b PET in 17 (81%) cases and with CSF Ab42 in

16 (76%) cases.

Discordance between amyloid-b PET, CSF,
and neuropathological diagnosis

Of the three discordant cases between CSF Ab42 and amy-

loid-b PET, two were CSF+/PET- (case 9, clinical diagno-

sis: frontotemporal dementia [neuropathological diagnosis:

frontotemporal lobar degeneration (FTLD)-TDP type B,

ABC score: A2B1C1] and case 20 with vasculitis [granulo-

matosis with polyangiitis, A0B0C0], and one was CSF-/

PET+ (case 11 with AD [AD, A3B3C3], Fig. 2A–C). The
three amyloid-b CSF/PET discordant patients all had an

APOE ɛ3/ɛ3 genotype. In addition, there were two CSF+/

PET + cases with a non-AD primary neuropathological

diagnosis, that is case 10 with semantic dementia [FTLD-

TDP type E, A3B1C1; CAA-Type 1 stage 2] and case 20

with adult-onset leukoencephalopathy with axonal spher-

oids (HDLS) [leukodystrophy due to HDLS, A1B1C0;

CAA-Type 1 stage 1] (Fig. 2D–E).

Association between biomarkers and ABC
scores

CSF Ab42 (Fig. 3A) was positive in 12 of 13 (92%) and

CSF p-tau/Ab42 ratio (Fig. 3B) in 10 of 13 (77%) of the

A2/A3 cases. Both CSF Ab42 and p-tau/Ab42 ratio were

positive in 10 of 11 (91%) B2/B3 cases and 9 of 10 (90%)

C2/C3 cases. Amyloid-b PET (Fig. 3C) was positive in

one of the two A2 cases, and in all A3 and/or B2/B3 and/

or C2/C3 cases. Cochrane trend analyses showed that there

Table 1. Case characteristics.

Nr Sex

Age at

death

APOE

genotype

Clinical

diagnosis

CSF

Ab42

Amyloid-b

PET

CSF/PET

status ABC

Neuropathology

CAA-TypePrimary diagnosis

1 m 75 E4E4 AD 810 Positive CSF+/PET+ A3B3C3 AD 2

2 m 65 E3E3 AD 640 Positive CSF+/PET+ A3B3C3 AD 2

3 m 65 E3E3 CBS 940 Negative CSF-/PET� A0B1C0 FTLD-TDP type A –

4 f 43 E3E3 AD 554 Positive CSF+/PET+ A3B3C3 AD 1

5 f 64 E4E4 AD 619 Positive CSF+/PET+ A2B2C2 AD 1

6 m 69 E3E4 AD 504 Positive CSF+/PET+ A3B3C3 AD 1

7 m 76 E3E4 FTD 1110 Negative CSF-/PET� A1B0C0 FTLD-TDP type A –

8 m 60 – Dementia

unspecified

1136 Negative CSF-/PET� A0B0C0 Autoimmune

encephalitis

–

* 9 m 75 E3E3 FTD 787 Negative CSF+/PET� A2B1C1 FTLD-TDP type B –

† 10 m 64 E4E4 SD 739 Positive CSF+/PET+ A3B1C1 FTLD-TDP type E 1

* 11 m 68 E3E3 AD 828 Positive CSF-/PET+ A3B3C3 AD 2

12 m 68 E3E3 Dementia

unspecified

1167 Negative CSF-/PET� A0B1C0 LBD –

13 m 65 E2E3 FTD 1708 Negative CSF-/PET� A1B1C0 FTLD/MND-TDP

type B

1

14 m 70 E3E4 AD 755 Positive CSF+/PET+ A3B3C3 AD 2

15 f 62 E4E4 AD 681 Positive CSF+/PET+ A3B3C3 AD 1

16 f 61 E3E4 FTD 862 Negative CSF-/PET� A1B0C0 FTLD-TDP type E 1

17 m 73 E3E4 AD 644 Positive CSF+/PET+ A3B2C1 AD 1

18 m 53 E3E3 AD 587 Positive CSF+/PET+ A3B3C3 AD 1

† 19 m 50 E3E3 HDLS 676 Positive CSF+/PET+ A1B1C0 Leukodystrophy

due to HDLS

1

* 20 f 65 E3E3 Vasculitis 646 Negative CSF+/PET� A0B0C0 Granulomatosis

with

polyangiitis

–

21 m 65 E3E4 AD 397 Positive CSF+/PET+ A3B3C3 AD 1

Asterisks (*) in the first column highlight CSF/PET discordant cases and crosses (†) highlight CSF+/PET + cases with a non-AD neuropathological

diagnosis. Values under 813 pg/mL for CSF Ab42 are pathological. Amyloid-b PET positivity was determined by majority visual read. Neuropatho-

logical ABC scoring system entails amyloid-b Thal (A) phase, Braak (B) stage for neurofibrillary tangles, and CERAD (C) criteria for neuritic plaques.

CAA column indicates the neuropathological type of cerebral amyloid angiopathy: Type 1 (capillary) or Type 2 (leptomeningeal/cortical). Abbrevia-

tions: AD Alzheimer’s disease, CAA cerebral amyloid angiopathy, CBS corticobasal syndrome, CSF cerebrospinal fluid, FTD frontotemporal demen-

tia, FTLD frontotemporal lobar degeneration, HDLS Adult-onset leukoencephalopathy with axonal spheroids, LBD Lewy body dementia, MND

motoneuron disease, PET positron emission tomography, SD semantic dementia.
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is an increasing proportion of biomarker-positive cases

from score 0 to 3 across all ABC scores for amyloid-b PET

(Z-score = �3.93 for A, Z = �3.81 for B, Z = �3.68 for

C, all P < 0.001) and CSF Ab42 (Z = �2.92, P = 0.003 for

A; Z = �2.46, P = 0.014 for B; Z = �2.60, P = 0.009 for

C). In APOE ɛ4 carriers, both CSF Ab42 and amyloid-b
PET were positive in all A2/A3 and/or B2/B3 and/or C2/

C3 cases. In APOE ɛ4 noncarriers, CSF Ab42 was positive

in 80% of A2/A3, 75% of B2/B3, and 75% of C2/C3 cases,

and amyloid-b PET was positive in 80% A2/A3 cases and

all B2/B3 and/or C2/C3 cases.

Association between biomarkers and
neuropathological diagnosis

Finally, we investigated the association between binarized

biomarker results and neuropathological diagnosis.

Amyloid-b PET was positive in all AD cases, but also

indicated amyloid-b pathology in two cases without AD

as neuropathological diagnosis (Fig. 4). Both CSF Ab42
and p-tau/Ab42 were positive in 10 of 11 AD cases.

Decreased CSF Ab42 with a normal CSF p-tau/Ab42
ratio was seen in three non-AD cases (HDLS [A1B1C0].

FTLD-TDP type B [A2B1C1], FTLD-TDP type E

[A3B1C1]), and one AD case (A3B3C3). There were

three cases with a non-AD neuropathological diagnosis

(HDLS, FTLD-TDP type E, and FTLD/MND-TDP type

B) with normal levels of CSF p-tau but with increased

CSF t-tau.

Discussion

The primary aim of this study was to investigate the con-

cordance between PET and CSF amyloid-b status in a

Clinical findings CSF NeuropathologyAmyloid-β PET Explanations for discordance

case 20

Diagnosis: FTLD-TDP type B
ABC score: A2B1C1
Additional findings: N/A

> CSF detected amyloid co-pathology
> CSF Aβ   could be false-positive as it is 
close to the cut-off (individual CSF Aβ   
production or pre-analytical factors)

> CSF Aβ   is false negative as it is close 
to the cut-off and CSF tau levels were 
already increased (individual variation 
of CSF Aβ   or pre-analytical factors) 
> The long time difference between CSF 
analysis and amyloid PET could be an
additional contributing factor

> Decreased CSF Aβ   due to 
neuroinflammation

74 y/o man was referred for compulsive and anti-social cha-
racter change. MMSE was 24/30. On MRI, left hippocampal
atrophy (MTA 2), and extensive white matter damage 
(Fazekas III) with two possible small lacunes were seen. 
Amyloid-β PET was performed for research and was nega-
tive. The patient was diagnosed with possible bvFTD. 

63 y/o man visited our center with memory complaints. 
MMSE was 30/30 but the neuropsychological exam confirm-
ed memory dysfunction. The MRI was normal and the CSF
analysis was inconclusive. Amnestic MCI was diagnosed. 
During follow-up there was a slow decline in memory and 
executive functioning and after 3 years amyloid-β PET was 
requested. The PET scan was read positive and the patient
was diagnosed with AD.

62 y/o woman was referred because of apathy and tiredness.
MMSE was 30/30. White-matter lesions and a lacune in the
right thalamus were found on the MRI. Aβ PET was performed 
and was negative. CSF pleocytosis was found and Aβ   was 
decreased. An autoimmune cause was suspected.  Over the 
next 2 years there was subacute cognitive decline and progres-
sion of vascular damage based on MRI. FDG PET showed
increased uptake in the thoracic aorta, indicative of vasculitis.

case 10

case 19

CSF+/PET-/AD-

CSF-/PET+/AD+

CSF+/PET-/AD-

CSF+/PET+/AD-

CSF+/PET+/AD-

> Detection of amyloid co-pathology
by both CSF and PET
> Possible detection of CAA

> Detection of CAA by PET and CSF

53 y/o man was referred because of severe word finding
problems and behavioral change. MMSE was 18/30. Family
history was positive for early-onset dementia. The CSF analy-
sis was considered normal (prior adjustment for Aβ   longi-
tudinal drift) and MRI showed anteriotemporal atrophy (MTA:
left 2, right 1). FDG PET showed bilateral frontal and left
temporal hypometabolism. Aβ PET was clinically requested
and initially read as negative. Patient was diagnosed with SD.

49 y/o man was referred to our memory clinic due to multi-
domain (memory, executive functioning, visuospatial, be-
havioral) cognitive decline over 1-2 years. MMSE was 24/40. 
Familial history was positive for early-onset dementia. MRI
showed extensive parietal atrophy and white matter lesions.
Amyloid-β PET was requested for research and was initially
read as negative. Genetic analysis found CSF1R mutation
and HDLS was diagnosed.

42Aβ  : 78742

t-tau: 279
p-tau: 41

Aβ  : 82842

t-tau: 498
p-tau: 66

Aβ  : 64642

t-tau: 251
p-tau: 40

Aβ  : 73942

t-tau: 362
p-tau: 38

Aβ  : 67642

p-tau: 33
t-tau: 528

42

Diagnosis: AD
ABC score: A3B3C3
Additional findings: 
CAA-Type 2 (stage 1)

Diagnosis: Granulomatosis with 
polyangiitis
ABC score: A0B0C0
Additional findings: Aβ-positive 
axons in the substantia nigra and 
in the sub-thalamic nucleus, 
corresponding to leakage of 
amyloid precursor protein.

Diagnosis: FTLD-TDP type E
ABC score: A3B1C1
Additional findings: 
CAA-Type 1 (stage 2)

Diagnosis: Leukodystrophy 
due to HDLS
ABC score: A1B1C0
Additional findings:
CAA-Type 1 (stage 1)

A

B

C

D

E

case 9

case 11

42

42

42

42

42

42

11[  C]PIB: positive

11[  C]PIB: positive

18

11[  C]PIB: negative

18[  F]florbetaben: negative

Figure 2. Discordance between amyloid-b CSF, PET, and autopsy. Vignettes illustrating amyloid-b CSF/PET discordant cases (A,B,C) and CSF+/

PET + cases with a non-AD neuropathological diagnosis (D,E). CSF values for Ab42 < 813 pg/mL, for phosphorylated tau (p-tau) >52 pg/mL, and for

total tau (t-tau) >375 pg/mL are pathological (indicated by bold). Amyloid-b PET scans in cases 10 and 19 were initially read as amyloid negative, but for

this study the scans were considered amyloid positive based on majority visual read. Abbreviations: AD Alzheimer’s disease, CAA cerebral amyloid

angiopathy, CSF cerebrospinal fluid, FDG fluorodeoxyglucose, FTD frontotemporal dementia, FTLD frontotemporal lobar degeneration, HDLS Adult-

onset leukoencephalopathy with axonal spheroids, MCI Mild cognitive impairment, MMSE Mini-Mental State Examination, MRI Magnetic resonance

imaging, MTA - Medial temporal lobe atrophy, PET positron emission tomography, SD sematic dementia, TDP transactive response DNA-binding protein.
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sample with available neuropathological results in order

to enhance our understanding of the amyloid-b CSF/PET

discordant cases. We found that although both CSF and

PET generally captured AD pathological change, there

was still 14% (3/21) discordance between the two modali-

ties. In our sample, possible reasons for amyloid-b CSF/

PET discordance included neuroinflammation (CSF+/
PET� in a case of granulomatosis with polyangiitis,

A0B0C0), detection of amyloid-b co-pathology (CSF+/
PET� in FTLD-TDP type B, A2B1C1) and additional fac-

tors influencing CSF Ab42 levels (CSF-/PET+ in AD,

A3B3C3). Additionally, we described two CSF+/PET+
non-AD cases illustrating that amyloid-b biomarker posi-

tivity on both PET and CSF does not invariably result in

an AD diagnosis at autopsy. This highlights that it is

important to consider other comorbidities when evaluat-

ing the results of amyloid-b biomarkers, especially since

molecular biomarkers for non-AD neurodegenerative dis-

eases are currently lacking.

Although in the majority of cases, amyloid-b PET and

CSF Ab42 show concordant results, 10-20% discordant

CSF/PET status has repeatedly been shown.8,9,30 As amy-

loid-b CSF/PET discordance rates are highest in patients

with early disease, it has been hypothesized that CSF/PET

discordance might be partly explained by early decreases

of CSF Ab42 that precede amyloid-b depositions visible

by PET.10,11 On the other hand, amyloid-b CSF/PET dis-

cordance in patients with dementia could be explained by

one modality detecting beginning amyloid-b co-pathology

in non-AD cases.8 To our knowledge, this is the first

serial study including patients who have both amyloid-b
PET and CSF Ab42 in addition to neuropathological data

available. In line with previous in vivo studies, we found

a 14% (3/21) CSF/PET discordance rate. We reported a

CSF+/PET- patient with A2B1C1 FTLD-TDP type B,

where it is feasible that the reduction of CSF Ab42 is

caused by concomitant amyloid-b pathology. However, as

the Ab42 value was relatively close to the cutoff, it is not
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Figure 3. Correspondence of CSF Ab42 (A), CSF p-tau/Ab42 ratio (B), and amyloid-b (Ab) PET (C) to neuropathological ABC scoring.

Neuropathological ABC scoring system entails amyloid-b Thal phase (A0-A3), Braak stage for neurofibrillary tangles (B0-B3), and CERAD criteria

for neuritic plaques (C0-C3). Dashed lines represent cutoffs for CSF Ab42 (813 pg/mL) and CSF p-tau/Ab42 ratio (0.054).
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possible to entirely exclude individual CSF Ab42 dynamics

(i.e., this patient intrinsically producing less Ab42)
31 or

preanalytical factors.32 Previously, two CSF+/PET- case

reports with available neuropathology have been pub-

lished. First, a negative PIB PET scan was reported in a

91-year-old patient with abnormal CSF Ab42 and tau

biomarkers with sporadic AD.12 The negative amyloid-b
PET status was attributed to the absence of a significant

amount of fibrillar plaques (i.e., with a fibrillar core that

the tracer binds to), although diffuse plaques were pre-

sent. Second, low PIB PET retention with decreased CSF

Ab42 was reported in a familial AD case with arctic amy-

loid precursor protein (APP) mutation, thought to be

caused by the lack of fibrillar amyloid-b plaques charac-

teristic for this mutation.13 Future studies with neu-

ropathological data are needed to further validate whether

amyloid-b CSF+/PET- status is caused by beginning amy-

loid-b depositions and explore additional neuropathologi-

cal substrates for CSF/PET discordance, such as

differences in distribution, load, and morphology of amy-

loid-b plaques and possible influences of co-pathologies.

In our sample, there were two cases with amyloid-b
CSF+/PET+ biomarker status who did not meet neu-

ropathological criteria for AD. The first had a diagnosis

of FTLD-TDP type E with a high Thal score but only

sparse neuritic plaques (A3B1C1). It is feasible that in this

case both biomarkers detected concomitant amyloid-b
co-pathology as increased PIB PET signal has been shown

to be related to fibrillar plaque load even in case of sparse

neuritic plaques.33,34 The patient was also diagnosed with

CAA-Type 1 stage 2, which could also contribute to the

amyloid positivity, as CAA has been shown to affect both

amyloid-b PET tracer uptake35 and CSF Ab42 levels.36

The second CSF+/PET+ patient with a low score for AD

pathology (A1B1C0) was diagnosed with HDLS, an auto-

somal-dominant white matter disease due to mutations in

the gene encoding colony-stimulating factor 1 receptor

(CSF1R).37 Previous case reports of HDLS including CSF

analyses have provided no evidence for alterations in

Ab42 levels.38,39 It is also unlikely that preanalytical assay

effects caused the decrease of CSF Ab42 in this case as the

patient had a separate CSF Ab42 sample with decreased

Ab42 4 months earlier. Similar to the previous patient,

CAA-Type 1 was present and might have contributed to

the positive amyloid-b biomarker status, especially since

PET tracer uptake was seen predominantly in the occipi-

tal region, a predilection site for CAA pathology.35 This

illustrates that even concordant positivity of two amyloid-

b biomarkers does not always result in a neuropathologi-

cal diagnosis of AD, and relevant co-pathologies should

always be considered.

There were four cases where CSF Ab42 was decreased

without a neuropathological diagnosis of AD. In three of

them there was neuropathological evidence for amyloid-b
co-pathology, but we also described a CSF+/PET- case

with granulomatosis with polyangiitis (formerly known as

Wegener’s granulomatosis), which is in line with litera-

ture, as neuroinflammation40,41 as well as infection42,43

have been previously shown to cause decreased CSF Ab42
without the presence of AD pathology. This highlights

that in select cases, there might be unspecific decreases in

CSF Ab42 levels without AD, although these cases might

be distinguished from AD pathology based on clinical

findings and MR imaging. In our particular case, after Ab
immunostaining, Ab immunoreactive axons were seen,

which can be attributed to the leakage of APP that is

reported in various conditions such as ischemia, trau-

matic brain injury and – similar to this case – inflamma-

tion.44 The possible connection of this finding with the

decrease in CSF Ab42 is unclear, although it is tempting

to hypothesize that the loss of APP leads to the interrup-

tion of the APP pathway and the reduction of its product

AD non-AD

42

42

Figure 4. Biomarker status by primary neuropathological diagnosis. Colors indicate binarized status of biomarkers: orange for biomarker positive,

blue for biomarker negative. Abbreviations: Ab Amyloid-b, AD Alzheimer’s disease, AIE autoimmune encephalitis, CSF cerebrospinal fluid, FTLD

frontotemporal lobar degeneration, HDLS Adult-onset leukoencephalopathy with axonal spheroids, PET positron emission tomography.
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Ab42 in the CSF. We were unable to find previous case

reports of vasculitis with available CSF Ab42 analysis, but

primary angiitis of the central nervous system has been

associated with decreased APP in the CSF,45 lending sup-

port to that speculative theory.

CSF p-tau/Ab42 ratio was slightly more specific than

CSF Ab42 for capturing the neuropathological diagnosis

of AD, which has been previously shown in studies

involving living subjects.19 In the CSF-/PET+ discordant

case we presented, the patient with a clinically advanced

AD dementia had a CSF Ab42 value just above the cutoff,

but CSF p-tau/Ab42 ratio was in the pathological range.

In this case, CSF Ab42 was likely false negative, possibly

due to individual differences in CSF dynamics, as both

CSF t-tau and p-tau were already increased. This also

highlights the advantage of using continuous measure-

ments as opposed to binarized data, as the distance from

cutoff includes additional information. Although (p)tau/

Ab42 ratio may be superior to Ab42 when predicting clini-

cally advanced disease with increased (p)tau levels, this

may hamper the detection of merely amyloid-b pathol-

ogy, where tau tangle pathology has not yet begun. This

may become clinically significant if anti-amyloid treat-

ment arrives in the future. Finally, we reported an iso-

lated increase in CSF t-tau with normal CSF p-tau levels

in three non-AD cases (two FTLD and one HDLS).

Although CSF t-tau and p-tau are highly correlated, this

finding supports the notion that CSF t-tau can increase in

other brain pathologies46 and CSF p-tau is more AD spe-

cific.47

The primary strength of our study is the availability of

two amyloid-b biomarkers and a neuropathological

assessment in a relatively large patient cohort that allowed

us to compare the two in vivo amyloid-b biomarkers to

neuropathological change. Although PET and CSF were

usually performed close in time, there was a median 3-

year delay between the amyloid-b biomarkers and

autopsy, as is often the case with studies involving in-vivo

biomarkers and autopsy data. While this might have

impacted our results, a major change over 3 years is unli-

kely, given the remarkably slow course of AD.48 We used

standardized uptake value ratio images for PET visual

read, which could have an impact on our results as non-

displaceable binding potential images have been shown to

be more reliable in detecting early amyloid-b pathol-

ogy.49,50 Another limitation is that we included subjects

from the year 2006, and over time technologic advance-

ment has taken place, leading to both increased image

quality of PET scans and understanding of preanalytical

factors influencing CSF (leading to longitudinal drift of

median values, in our cohort). Finally, correcting CSF

Ab42 values with CSF Ab40 has been shown to account

for the individual variation in the production of amyloid-

b.51 As CSF Ab40 values were only available for seven

patients (and none of them were among the discordant

cases), we did not include Ab42/40 ratio in our analyses.

In conclusion, our findings illustrate a range of reasons

for the amyloid-b CSF/PET discordance, and that even

concordant amyloid-b biomarker positivity accurately

reflecting amyloid-b pathology does not always equal a

definite neuropathological diagnosis of AD. Thus, it is

important to consider comorbidities as well as other neu-

rodegenerative diseases when using amyloid-b biomarkers

for clinical diagnosis, especially since molecular biomark-

ers for non-AD neurodegenerative diseases are currently

lacking.
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