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Abstract Pathobiological factors underlying phenotypic

diversity in Alzheimer’s disease (AD) are incompletely

understood. We used an extended cerebrospinal fluid (CSF)

panel to explore differences between ‘‘typical’’ with

‘‘atypical’’ AD and between amnestic, posterior cortical

atrophy, logopenic aphasia and frontal variants. We

included 97 subjects fulfilling International Working

Group-2 research criteria for AD of whom 61 had ‘‘typi-

cal’’ AD and 36 ‘‘atypical’’ syndromes, and 30 controls.

CSF biomarkers included total tau (T-tau), phosphorylated

tau (P-tau), amyloid b1-42, amyloid bX-38/40/42, YKL-

40, neurofilament light (NFL), and amyloid precursor

proteins a and b. The typical and atypical groups were

matched for age, sex, severity and rate of cognitive decline

and had similar biomarker profiles, with the exception of

NFL which was higher in the atypical group (p = 0.03).

Sub-classifying the atypical group into its constituent

clinical syndromes, posterior cortical atrophy was associ-

ated with the lowest T-tau [604.4 (436.8–675.8) pg/mL],

P-tau (79.8 ± 21.8 pg/L), T-tau/Ab1-42 ratio [2.3

(1.4–2.6)], AbX-40/X-42 ratio (22.1 ± 5.8) and rate of

cognitive decline [1.9 (0.75–4.25) MMSE points/year].

Conversely, the frontal variant group had the highest levels

of T-tau [1185.4 (591.7–1329.3) pg/mL], P-tau

(116.4 ± 45.4 pg/L), T-tau/Ab1-42 ratio [5.2 (3.3–6.9)]

and AbX-40/X-42 ratio (27.9 ± 7.5), and rate of cognitive

decline. Whilst on a group level IWG-2 ‘‘typical’’ and

‘‘atypical’’ AD share similar CSF profiles, which are very

different from controls, atypical AD is a heterogeneous

entity with evidence for subtle differences in amyloid

processing and neurodegeneration between different clini-

cal syndromes. These findings also have practical impli-

cations for the interpretation of clinical CSF biomarker

results.
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Introduction

Alzheimer’s disease (AD) is usually associated with early

decline in episodic memory followed by progressive cog-

nitive deficits reflecting a symmetrical, generalised loss of

function of association cortices [1]. However, there is also

considerable symptomatic heterogeneity, particularly in

young onset cases [2]. Whilst previously only amnestic

presentations were recognised in diagnostic criteria, newer

criteria, including those from the International Working

Group (IWG-2) combining biomarkers and clinical phe-

notypes, distinguish ‘‘typical’’, i.e. memory-led AD, from

‘‘atypical’’ AD, the latter comprising visual/biparietal

(posterior cortical atrophy, PCA [3–5]), logopenic[6]

(language) and frontal (behavioural) variants [7]. Whilst

these AD variants are underpinned by the same core

pathology they appear to differ in distribution of tau

pathology [8], neuronal cell loss [9, 10] and network dis-

ruption [11]. Atypical AD variants are over-represented in

young onset cases [2], and there is evidence for different

genetic risk in some atypical forms [12–14], but the bio-

logical factors responsible for this phenotypic diversity are

largely not understood.

Cerebrospinal fluid (CSF) allows for assessment of

different biological processes implicated in AD. The most

established, and now in routine clinical practice, include

amyloid beta 1-42 (Ab1-42), ‘‘total’’ tau (T-tau), and tau

phosphorylated at 181 (P-tau). Ab1-42 is inversely corre-

lated with amyloid load [15, 16]; T-tau is thought to reflect

the intensity of neurodegeneration [17], and P-tau corre-

lates with neurofibrillary tangle burden [18, 19]. Other

available CSF biomarkers include YKL-40, a marker of

neuroinflammation [20]; neurofilament light (NFL), a

marker of the breakdown of large-calibre myelinated axons

[21]; soluble amyloid precursor protein (APP) isoforms

APPa and APPb, reflecting non-amyloidogenic and amy-

loidogenic APP processing, respectively [22, 23]; and Ab1-

38 and Ab1-40 which in combination with Ab1-42 provide

insights into c-secretase-dependent APP processing gen-

erating C-terminally ragged Ab species [24]. In this study,

we used an extended CSF panel to assess differences

between IWG-2 typical and atypical AD and then to

investigate the CSF profiles of amnestic, PCA, logopenic

and frontal variants of AD. We hypothesised that there

would be differences in markers of neurodegeneration and

amyloid processing between AD subtypes to reflect dif-

ferent distribution of tau deposition and neuronal disrup-

tion and considered that variations in neuroinflammation

and large-calibre myelinated axon involvement might

contribute to clinical heterogeneity.

Materials and methods

Ethics statement

The study was conducted in accordance with local clinical

research regulations and was approved by the local Ethics

Committee.

Subjects

We included 97 subjects with a diagnosis of AD assessed at

the Specialist Cognitive Disorders Service at Queen Square

between October 2008 and October 2012. All subjects had

had a diagnostic CSF examination; had a CSF profile

consistent with AD (Ab1-42\550 pg/mL and tau/Ab1-42

ratio C0.5) [25] and fulfilled IWG-2 criteria for AD [7].

We included 30 age-matched controls who were spouses of

affected individuals, did not have cognitive symptoms and

had a CSF examination only for research.

We retrospectively classified individuals as having

typical (amnestic) AD or atypical AD according to IWG-2

criteria (Fig. 1), further sub-classifying the IWG-2 atypical

AD group into those fulfilling clinical criteria for PCA [26]

or LPA [6]. In the absence of published criteria for frontal

variant AD (fvAD), we examined the notes of all individ-

uals with atypical AD not fulfilling PCA or LPA criteria,

determining that all had early behavioural features (see

supplementary Table 1), thus fulfilling IWG-2 criteria for

fvAD [7]. We recorded the nearest mini-mental state

examination (MMSE) score to the date of the lumbar

puncture, and estimated disease duration from first symp-

tom to LP, based on recorded information from patients/

informants. We estimated rate of cognitive decline

(MMSE/year) as (30-MMSE at time of LP)/disease

duration.

The majority of patients were seen in routine clinical

practice and had not been assessed using a single stan-

dardised neuropsychology battery. A proportion (n = 22;

22.7 %) had been assessed on a research neuropsychology

battery, details of which are included in supplementary

material.

Cerebrospinal fluid collection and biomarker

analysis

CSF was collected by lumbar puncture in polypropylene

containers, spun at 4000 RPM for 10 min at 4 �C and

frozen in aliquots at -80 �C within 60 min. Biomarker
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levels were measured using commercially available

immunoassays according to manufacturers’ protocols (full

details in supplementary material). Amyloidogenic APP

processing was measured using two different kits: the

INNOTEST� b-amyloid(1-42) assay (Fujirebio, Ghent,

Belgium) in which N- and C-terminal antibodies are used

to measure specifically the 42 amino acid long form of Ab
(Ab1-42) and the MSD Ab Triplex assay (Meso Scale

Discovery, Rockville, MD, USA). The latter assay is a

multiplexed method in which C-terminally specific anti-

bodies are used to selectively capture Ab forms ending at

amino acids 38, 40 and 42, respectively, which are then

quantified using the 6E10 detector antibody. This assay is

thus not specific to the 1st amino acid of the Ab peptides

(the epitope of 6E10 lies within amino acids 3–8 in the Ab
sequence), and the measured Ab isoforms are therefore

called AbX-38, AbX-40 and AbX-42 in this paper. Board-

certified laboratory technicians, blinded to clinical data,

performed all analyses using one batch of reagents with

intra-assay coefficients of variation of\10 %.

Statistical analysis

Demographics and CSF biomarker levels were compared

between groups using t tests when there were no clear

departures from a normal distribution and Wilcoxon rank-

sum tests for skewed or truncated data. Demographics and

CSF biomarkers were compared across individuals with

PCA, LPA and fvAD using one-way ANOVA when the

distribution was approximately normal and Kruskal–Wallis

rank test for skewed or truncated data, or Chi-squared tests

for categorical variables. Post hoc pairwise comparisons

between pairs of groups were made when the initial test

across all groups was statistically significant. Linear

regression was used to explore the relationship between

diagnosis and biomarker incorporating nuisance variables

(age, sex, cognitive decline and MMSE) as covariates; non-

normally distributed variables were log transformed for

linear regression analysis. All statistical analyses used Stata

Version 12.1 (Stata corporation, College Station, TX,

USA).

Results

Asymptomatic controls and IWG2 typical

and atypical Alzheimer’s disease

30 asymptomatic controls were recruited and 97 patients

fulfilled IWG2 criteria for AD (Table 1). The groups were

similar in terms of age (59.8 ± 9.9 vs. 62.5 ± 6.9) and sex,

but there were significant differences in MMSE

(29.7 ± 0.5 vs. 20 ± 6.8) and all other measured

biomarkers except for APPa and APPb.

Of the 97 patients, 61 patients fulfilled criteria for typ-

ical AD and 36 for atypical AD (Table 1). The groups were

similar in terms of age (62.5 ± 6.6 vs. 62.3 ± 7.4) and

MMSE (20.6 ± 6.4 vs 19.1 ± 7.5) at the time of LP or

estimated rates of cognitive decline (median = 2.5 vs 2.8

MMSE points/year); there was a non-significant trend for

more women in the typical AD group (73.8 vs 55.6 %).

The CSF biomarker profiles of typical and atypical Alz-

heimer’s disease are shown in Table 1. There were no

significant differences for any biomarker except for NFL,

which was significantly higher in the atypical Alzheimer’s

disease group (p = 0.03). In a regression model incorpo-

rating age, sex, MMSE and rate of decline included in the

model, this difference remained significant (p\ 0.05).

Comparing atypical Alzheimer’s disease subtypes

Of the 36 patients with atypical AD, 17 patients fulfilled

criteria for PCA and 11 for LPA, and the remaining eight

were classified as having fvAD. Demographics and CSF

results are shown in Table 2. There were no significant

differences in age or MMSE, but there were significant

differences between the estimated rates of cognitive

decline between the groups, with the fvAD cases declining

significantly faster (median 5.3 MMSE points/year) than

either the LPA (3 points/year) or PCA groups (1.9 points/

year). Rate of decline remained significantly higher in the

fvAD group compared with typical AD even after adjusting

for nuisance variables age, sex and MMSE (p = 0.01).

Comparing the CSF profiles between the three sub-

groups (Table 2), significant differences were seen in

T-tau, P-tau, T-tau/Ab1-42 ratio, AbX-42 (measured using

the MSD Abeta Triplex method) and AbX-40/X-42 ratio.

IWG-2 research diagnos�c criteria for Alzheimer's disease 

Typical AD* 

Amnes�c presenta�on  

Atypical AD* 

Posterior variant  (Visual or 
biparietal presenta�on) 

In-vivo evidence of  Alzheimer’s pathology - one of the following:  
Decreased CSF A 42 together with increased tau of P-tau 

or 
Increased tracer reten�on on amyloid PET scan  

or  
AD Autosomal dominant muta�on present (PSEN or APP) 

Logopenic variant 

Frontal variant (behavioural  
or dysexecu�ve presenta�on) 

or 

& 

Fig. 1 A number of exclusion criteria apply. See Dubois et al.

(2014), Lancet Neurology for full details; PSEN presenilin, App

amyloid precursor protein

2724 J Neurol (2015) 262:2722–2730

123



Both T-tau and P-tau were lowest in the PCA group,

intermediate in the LPA group and highest in the fvAD

group with significant differences between PCA and each

of the other groups. T-tau/Ab1-42 ratio was significantly

higher in the fvAD group than the PCA and LPA groups.

There was a non-significant trend for Ab1-42 measured

using the Innotest ELISA to be lower in the fvAD group,

and this was significant for AbX-42 measured using the

MSD Abeta Triplex assay (p\ 0.05). AbX-42 was lowest

in the frontal variant subgroup and highest in PCA. AbX-

40/X-42 ratio was significantly higher in the fvAD group

than the PCA group.

Comparing atypical Alzheimer’s disease subgroups

to amnestic Alzheimer’s disease

Compared to typical AD, the fvAD group had significantly

faster rates of MMSE decline (p = 0.01), and significantly

higher T-tau/Ab1-42 ratio (0.01), NFL (\0.048) and AbX-

42 levels measured using the triplex assay (p = 0.02) and

borderline lower AbX-40 levels (p = 0.08). The LPA

group were significantly more likely to be male (p = 0.03),

but there were no differences in any of the CSF profiles.

The PCA group as whole had significantly lower levels of

P-tau (p = 0.04) and borderline lower AbX-40/X-42 ratios

(p = 0.06). Of the 22 individuals with detailed neuropsy-

chology, 14, all previously classified as having IWG-2

typical AD, fulfilled criteria for n-tAD. Eight, all of whom

fulfilled criteria for IWG-2 atypical AD and Tang-Wai

criteria for PCA, also fulfilled criteria for n-PCA. Com-

paring these groups (Supplementary Table 2), the n-PCA

group had lower T-tau (p = 0.048), lower P-tau

(p = 0.048) and lower AbX-40/X-42 ratio (p = 0.01) than

the n-tAD group. In a regression model including age, sex,

MMSE and rate of cognitive decline as covariates, AbX-

40/X-42 ratio remained significantly different between the

groups.

Discussion

The key findings of this study are that the CSF profiles of

IWG-2 typical and atypical AD are remarkably similar, bar

elevation of NFL in the atypical group. However, when

Table 1 Demographics and CSF profiles of individuals fulfilling IWG-2 criteria for typical/atypical Alzheimer’s disease

Asymptomatic

controls (n = 30)

Typical Alzheimer’s

disease (n = 61)

Atypical Alzheimer’s

disease (n = 36)

Typical vs atypical

Alzheimer’s disease

(p value)

Age at LP [median and interquartile

range]

59.8 ± 9.9 [63.5

(50.0–67.0)]

62.5 ± 6.6 [62

(59.0–68.0)]

62.3 ± 7.4 [62.5

(56.5–67.5)]

0.90

Sex (% male) 46.7 26.2 44.4 0.08

MMSE 29.7 ± 0.5** 20.6 ± 6.4 19.1 ± 7.5 0.54

Months to LP – 43.3 ± 25.2 48.0 ± 28.6 0.42

Estimated rate of decline (MMSE/

year)*

– 2.5 (1.3–4.6) 2.8 (1.4–5.3) 0.60

Ab1-42 (pg/ml) 844.7 ± 246.3** 276.8 ± 100.8 293.3 ± 104.6 0.45

T-Tau (pg/ml)* 235.7 (198.0–386.4)** 694.9 (415.0–892.1) 642.6 (520.4–878.5) 0.63

P-Tau (pg/L) 52.6 ± 18.6** 96.2 ± 44.7 96.0 ± 34.9 0.98

Tau/Ab1-42 ratio* 0.3 (0.2–0.4)** 2.5 (1.8–3.9) 2.5 (1.7–4.1) 0.92

NFL (ng/L)* 649 (516–850)** 1125 (737–1400) 1235 (1070–1610) 0.03^

YKL-40 (ng/L) 0.127 ± 0.06** 0.169 ± 0.06 0.181 ± 0.07 0.46

AbX-38 (ng/L) 2435.5 ± 843.6** 1698 ± 813 1560 ± 515 0.32

AbX-40 (ng/L) 5985.6 ± 1675.1** 3954 ± 1622 3825 ± 1215 0.66

AbX-42 (ng/L) 626.9 ± 260.1** 165.3 ± 74.7 172.7 ± 74.7 0.64

AbX-40/X-42 ratio 10.3 ± 2.9** 25.4 ± 6.5 24.1 ± 6.5 0.33

APPa (ng/mL)* 426.4 (322.0–654.5) 349.2 (266.4–542.3) 353.8 (268.8–516.4) 0.81

APPb (ng/mL)* 258.6 (182.0–372.0) 199.9 (152.4–337.4) 201.9 (161.3–282.6) 0.88

Data are shown as Mean ± SD unless stated

NA not applicable

* Log transformed for regression analyses, values quoted as median (interquartile range)

** p\ 0.05 comparing asymptomatic controls and typical and atypical AD groups combined

^ In a regression model including age, sex, MMSE and rate of decline, p value remains significant
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carefully sub-classified there are significant differences

between the various AD subtypes. Notably, PCA emerges

as the phenotype associated with lower concentrations of

T-tau and P-tau and AbX-40/X-42 ratio, and with a more

indolent course; and that we define a small AD subgroup

(fvAD) with prominent behavioural features higher con-

centrations of the neurodegeneration markers T-tau, P-tau

and NFL, lower concentrations of the amyloidogenic form

of Ab, Ab1-42, and more aggressive disease.

The cohort had an average age at onset of 62 years, with

52 % fulfilling criteria for young onset AD (on-

set\65 years). Whilst atypical for AD per se, this reflects

both the focus of our clinic, and that patients with younger

onset disease are those more likely to be offered a CSF

examination as part of the diagnostic work-up [27–29]. In

keeping with previous studies [2] that have shown an over-

representation of atypical presentations in younger onset

cohorts, we found that a relatively high proportion

(*40 %) had a non-amnestic presentation.

On a group level, we found, as expected, that patients

fulfilling IWG-2 criteria for AD had significantly different

biomarker levels than controls in all bar APPa and APPb,

as previously reported [30]. The typical and atypical AD

groups were well matched for gender, age, severity and

estimated rate of decline, which at *2.5 MMSE points/

year was as expected for individuals with mild–moderate

disease [31]. On a group level, the CSF profiles were also

similar. The only difference between the groups was a

significant elevation of NFL in the atypical group. NFL, a

marker of degeneration of large-calibre axons, has previ-

ously been shown to be elevated in vascular dementia,

while only slightly elevated in frontotemporal dementia in

AD compared to healthy controls [32, 33]. Possible

explanations for our findings are either that elevated NFL

might be a marker of atypical AD per se, or that the

atypical AD group is heterogeneous, with some individuals

having very elevated NFL levels. Subsequent analyses of

the atypical group suggest the latter to be the most likely

explanation, with the NFL increase in the atypical AD

group being driven by those with fvAD.

Despite the broad similarities to typical AD on a group

level, a more detailed assessment of the atypical AD group

revealed further differences between its constituent sub-

types. Although severity was not significantly different at

the time of LP, the PCA group had the lowest levels of

T-tau and P-tau, the lowest AbX-40/AbX-42 ratios and the

slowest rates of estimated cognitive decline. There were

significant differences seen in all of these levels between

Table 2 Demographics and CSF profiles of individuals fulfilling IWG-2 criteria for atypical Alzheimer’s disease, sub-classified according to

clinical syndrome

PCA (n = 17) LPA (n = 11) fvAD (n = 8) Comparing phenotypes

ANOVA (p value)

Post hoc differences

Age at LP 62.7 ± 8.6 62.4 ± 6.80 61.5 ± 6.4 0.93

Sex (% male) 35.3 63.6 37.5 0.31

MMSE 20.7 ± 7.4 17.4 ± 8.9 17.4 ± 6.1 0.3

Months to LP 53.9 ± 27.3 53.9 ± 31.5 27.3 ± 18.4 0.06

Rate of decline

(MMSE/year)a
1.9 (0.75–4.25) 3.0 (1.8–3.8) 5.3 (4.0–19.5) 0.03 PCA, FV (p = 0.018)

LPA, FV (p = 0.044)

Ab1-42 (pg/ml) 311.7 ± 112.8 314.7 ± 91.1 224.6 ± 82.5 0.1

T-Tau (pg/ml)a 604.4 (436.8–675.8) 842.0 (591.8–890.5) 1185.4 (591.7–1329.3) 0.03 PCA, FV (p = 0.036)

PCA, LPA (p = 0.036)

P-Tau (pg/L) 79.8 ± 21.8 106.2 ± 34.2 116.4 ± 45.4 0.02 PCA, FV (p = 0.012)

PCA, LPA (p = 0.040)

Tau/Ab1-42 ratioa 2.3 (1.4–2.6) 2.4 (1.7–4.3) 5.2 (3.3–6.9) 0.008 PCA, FV (p\ 0.01)

NFL (ng/L)a 1138 (981–1416) 1220 (1130–1663) 1474 (1197–1838) 0.3

YKL-40 (ng/L) 0.158 ± 0.04 0.190 ± 0.07 0.213 ± 0.01 0.39

AbX-38 (ng/L) 1575 ± 387 1670 ± 729 1394 ± 442 0.54

AbX-40 (ng/L) 3898 ± 803 4246 ± 1698 3152 ± 1044 0.16

AbX-42 (ng/L) 191.3 ± 75.2 188.2 ± 74.9 116.2 ± 47.0 0.04 PCA, FV (p = 0.047)

AbX-40/X-42 ratio 22.1 ± 5.8 23.3 ± 5.2 27.9 ± 7.5 0.047 PCA, FV (p = 0.016)

APPa (ng/mL)a 392.5 (336.3–517.2) 292.6 (258.4–558.9) 314.5 (263.3–437.6) 0.33

APPb (ng/mL)a 235.0 (178.6–309.2) 178.3 (152.6–367.3) 168.5 (140.9–233.6) 0.27

Data are shown as Mean ± SD unless stated
a Median (IQR)
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PCA and fvAD; in P-tau and AbX-40/AbX-42 ratio com-

paring all PCA cases with all those with typical AD and in

T-tau, P-tau and AbX-40/X-42 ratio in the subgroup of

individuals with more stringently neuropsychologically

defined n-PCA and n-tAD. The existing literature exam-

ining CSF T-tau and P-tau levels in PCA has shown con-

flicting results. Several studies have reported levels to be

similar between PCA and tAD [34–40] although a recent

study of 12 PCA patients also found T-tau and P-tau to be

reduced in PCA compared to patients with LPA and typical

AD [41]. Whilst the biological significance of CSF T-tau

and P-tau needs further study, both are thought to reflect

ongoing neuronal degeneration [42]. High CSF T-tau is

believed to reflect the intensity of neurodegeneration [17]

and is not specific for AD; the highest levels are found in

rapidly progressing disorders such as Creutzfeldt-Jakob

disease, in encephalitis and after stroke [43]. By contrast,

P-tau elevation is thought to be more specific to AD-related

neurodegeneration [42], with prior studies suggesting that

CSF P-tau correlates well with post-mortem cortical neu-

rofibrillary tangle (NFT) burden [19, 44]. Imaging and

pathological studies of PCA have consistently shown

similar levels and distribution of amyloid pathology [36,

45, 46], but not differences in the distribution of cortical

tau pathology [8, 26, 47–49] and pattern of atrophy [4, 9,

50]. The lower levels of both T-tau and P-tau in CSF with

similar levels of Ab may therefore reflect differences in the

focality of neurodegeneration in this variant of AD.

Another possible explanation might relate to the rate of

neurodegeneration, given that as well as the reduced levels

of T-tau and P-tau we found estimated rate of progression

to be lower in the PCA group than in the other atypical

phenotypes. This is however in contrast to another study

Teng et al. [41] which found no differences in severity or

disease duration in PCA compared to other subtypes.

Whilst it is possible that some of the PCA patients had non-

AD pathology, the similar levels of Ab1-42 compared to

the other phenotypes makes this unlikely.

Whilst Ab1-42, the major component of the AD amyloid

plaque, is reduced in CSF in AD, AbX-40 is thought to

relate more to amyloid angiopathy and less to plaque

pathology [51] and is relatively unchanged in AD [52, 53].

Elevated AbX-40/X-42 ratio is reported as improving

diagnostic accuracy in early AD [54–56], and unlike Ab42

level alone, to correlate with the extent of tau pathology

[57]. The latter is consistent with our finding of both rather

lower AbX-40/X-42 ratio and lower levels of P-tau in the

PCA group.

In marked contrast to the PCA cases, the fvAD subjects

had the highest rates of cognitive decline, together with

high T-tau and P-tau levels, and AbX-40/AbX-42 ratio.

Additionally, this group also had the highest levels of CSF

NFL and T-tau/Ab1-42 ratio, and the lowest levels of Ab1-

42. There were significant differences between rate of

decline, T-tau, P-tau, T-tau/Ab1-42 and AbX-40/X-42

ratios and AbX-42 (measured using the MSD platform)

levels compared to PCA; and rate of cognitive decline,

T-tau/Ab42 ratio, AbX-42 and NFL levels compared to

typical AD. We did not use an a priori classification to

define fvAD; this group was composed of individuals who

fulfilled CSF criteria for AD but did not fulfil criteria for

the other AD variants, and who on review of the case notes

were found to have early behavioural features. Prior studies

have suggested that fvAD (or behavioural variant AD) is a

rare phenotypic variant of AD that can be clinically

indistinguishable from behavioural variant frontotemporal

dementia [58–61] and is often but not always associated

with young onset [2, 29]. In the few published pathological

studies AD pathology preferentially affected the frontal

lobes [62]. Our finding of higher levels of T-tau and P-tau,

lower levels of AbX-40/X-42 and more aggressive decline

in these cases is the opposite to what we observed in PCA,

and consistent with a relationship between these different

pathological processes and rate of progression. The marked

differences in CSF profile between these two AD variants

suggests that aside from having affecting different brain

regions, there may well be fundamental differences in the

underlying disease biology, reflected by alterations in

amyloid processing and neurodegeneration. The increased

NFL levels observed in these cases are likely to be a further

reflection of the more aggressive disease course. Alternate

explanations are that the elevated NFL level may be

influenced by those cases with additional vascular changes

on MRI.

Despite a number of biological differences between the

various AD subtypes, we did not find any differences in

YKL-40. There is growing evidence that neuroinflamma-

tion plays a role in AD pathogenesis [63], and with the

caveat that the neuroinflammatory process is very complex

and YKL-40 is only one of many potential biomarkers [64],

we did not find evidence for differences in inflammatory

process to be a major driver of phenotype.

This study has a number of strengths, including a rela-

tively high proportion of well-matched atypical cases

allowing for meaningful comparisons with typical AD. We

used established criteria for defining PCA and LPA cases,

and an unbiased approach for determining fvAD. Weak-

nesses include the relatively small number of cases in each

of the atypical syndromic variants, although these numbers

are favourable when compared to other studies and we

employed statistical approaches appropriate for the sam-

ples of this size. The study was retrospective, and so

samples were not always collected under ideal research

conditions, limited prospective psychology was available

and ApoE4 status is not available. Whilst we excluded

patients with known mutations in genes causing AD, these
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were not tested systematically. Rates of cognitive decline

were estimated, and based on the MMSE which, being

heavily weighted towards the deficits associated with typ-

ical amnestic AD, may not accurately capture decline in the

atypical phenotypes. As the typical AD cases were rela-

tively young at onset, a study of older onset sporadic cases

would be valuable to determine whether these findings are

applicable to late onset AD. Finally, in the absence of

pathology, we cannot be certain that all had underlying

AD, or that individuals with AD did not have additional

pathologies.

In summary, we have shown that whilst ostensibly

similar to typical AD, IWG-2 defined atypical AD is not a

homogeneous entity, with significant differences between

PCA, LPA and fvAD; and between typical AD and both

PCA and fvAD. These differences are mainly focussed on

differential levels of tau and P-tau, and ratio of AbX-40/X-

42 and likely rates of clinical progression, suggesting that

subtle differences in amyloid processing and neurodegen-

erative mechanisms may underpin at least some of the

phenotypic diversity in AD. As well as providing biologi-

cal insights, these results have practical implications when

it comes to interpreting CSF results in atypical variants of

AD.
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