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ARTICLE INFO ABSTRACT

Keywords: Background: While amyloid-B (Ap) biomarker positivity is sufficient before initiating anti-Ap antibody therapy,
Alzheimer’s disease recent revised criteria also highlight the importance of other biomarkers (ATNIVS) to understand heterogeneity
Lecanemab in AD.

ATNIVS biomarkers . . . . . . . . .

Amyloid-p Design, Setting, and Participants: We reviewed patients who attended our specialty clinic between December 2023

and October 2024. Some participated in tau PET study (‘*F-MK6240). MRI was assessed using Fazekas score.
Tau pathology

Real-world study

Biomarker heterogeneity
Amyloid PET

Cerebrospinal fluid biomarkers

Remaining samples were analyzed for plasma neurofilament light chain (NfL), glial fibrillary acidic protein
(GFAP), and CSF a-synuclein seed amplification assay (SAA).

Results: During the period, 200 attended and 147 proceeded to screening. Lecanemab was started in 93 of 108 A+
patients; mean age 74.2 years, 73.1% female. While all tested started on lecanemab were positive on amyloid

a-synuclein co-pathology PET, 21% had only regional positivity with lower Af burden (centiloid 31.3 &+ 17.5 vs 67.6 £ 20.2) and higher
age (79.2 £ 5.1 vs 73.3 + 8.9). While all tested had CSF Ap42/40 values below the single cut-off 0.067 in Japan,
three (8.6%) had values close to the cutoff (0.059-0.067), all of whom were male. Other biomarkers also widely
varied from normal to fully abnormal; CSF pTaul81 (40.5-168 pg/mL, cut-off 56.5), tau PET-based Braak stage
(0-VI), NfL (10.0-103.3 pg/mL), GFAP (121.9-652.5 pg/mL), Fazekas score (0-3), and positive a-synuclein SAA
(25-33%). Some associations were indicated including higher Fazekas scores in amyloid PET regional-positive
group and higher plasma NfL in CSF Ap42/40 0.059-0.067 group.

Conclusions: We identified substantial heterogeneity in ATNIVS biomarker profiles among patients receiving
lecanemab in a real-world setting.

1. Introduction After the publication of the phase 3 trial results [2] and approval by

the Food and Drug Administration in the United States (US-FDA), Japan

Alzheimer’s disease (AD) is a neurodegenerative disorder charac-
terized by senile plaques and neurofibrillary tangles (NFT) in the brain,
which are aggregates of amyloid § (Ap) and tau, respectively. As Ap
aggregation is considered the main upstream factor of AD pathophysi-
ology [1], disease-modifying therapy (DMT) targeting AP has been
developed, and anti-Af antibodies lecanemab and donanemab finally
proved clinical efficacy in phase 3 trials [2,3].

was the second country to approve lecanemab on September 25, 2023,
by the Ministry of Health, Labor and Welfare. After national health in-
surance coverage and release of the national optimal use guidelines
(OUGS) [4,5], lecanemab became commercially available on December
20, 2023. We immediately initiated lecanemab infusion on December
25, 2023. Although most hospitals required additional preparation time,
the number of centers prescribing lecanemab has steadily increased in

* Corresponding author at: Tokyo Metropolitan Institute for Geriatrics and Gerontology, 35-2, Sakaecho, Itabashi-ku, Tokyo 173-0015, Japan.

E-mail address: mkurihara-tky@umin.ac.jp (M. Kurihara).

https://doi.org/10.1016/j.tjpad.2026.100567

Received 11 January 2026; Received in revised form 9 March 2026; Accepted 3 April 2026

Available online 11 April 2026

2274-5807/© 2026 The Author(s). Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-8281-0634
https://orcid.org/0000-0002-8281-0634
https://orcid.org/0000-0001-8770-3283
https://orcid.org/0000-0001-8770-3283
https://orcid.org/0009-0002-1085-5101
https://orcid.org/0009-0002-1085-5101
https://orcid.org/0000-0002-3497-4714
https://orcid.org/0000-0002-3497-4714
https://orcid.org/0000-0002-1664-1932
https://orcid.org/0000-0002-1664-1932
https://orcid.org/0000-0003-4072-732X
https://orcid.org/0000-0003-4072-732X
https://orcid.org/0000-0002-4590-7146
https://orcid.org/0000-0002-4590-7146
https://orcid.org/0009-0009-1647-7229
https://orcid.org/0009-0009-1647-7229
mailto:mkurihara-tky@umin.ac.jp
www.sciencedirect.com/science/journal/22745807
https://www.elsevier.com/locate/tjpad
https://doi.org/10.1016/j.tjpad.2026.100567
https://doi.org/10.1016/j.tjpad.2026.100567
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tjpad.2026.100567&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Kurihara et al.

Japan. Lecanemab has been approved by many other countries and
unions, including China, Korea, Israel, the United Arab Emirates, the
United Kingdom, and the European Union.

Although confirmation of Ap pathology is sufficient to initiate anti-
Ap antibody therapy in clinical settings, recently revised criteria high-
light the importance of evaluating biological heterogeneity, including
tau and co-pathologies, in research settings [6]. In line with the eligi-
bility for anti-Af antibodies, recently revised criteria for the diagnosis of
AD require abnormality in validated core 1 biomarkers, including am-
yloid positron emission tomography (PET) and cerebrospinal fluid (CSF)
AB42/AB40 [6]. Clinically, clinical assessment and positivity of core 1
biomarkers are considered sufficient for diagnosing symptomatic AD.
However, Ap biomarker abnormality (=~ Ap pathology in the brain) in-
creases with age and thus becomes prevalent in cognitively normal or
mild cognitive impairment(MCI)/dementia owing to other causes,
particularly in the older population [7,8]. Therefore, Af biomarker ab-
normality does not necessarily mean that a patient’s cognitive impair-
ment is mainly caused by AD, and therefore, clinical judgement is
always important [9].

The revised criteria also propose updated biological staging using tau
PET, which would be useful for understanding the association between
biological and clinical staging [6]. Although no tau PET tracer is
currently covered by health insurance in Japan, continued research is
important to wunderstand tau PET distribution and the con-
cordance/discordance of biological/clinical AD stages. The revised
criteria also updated biomarker categories important in understanding
the AD pathophysiological process known as ATNIVS (A, amyloid; T1,
phospho/secreted tau; T2, AD tau proteinopathy; N, neurodegeneration;
I, inflammation; V, vascular; and S, a-synuclein (a-syn)). Therefore,
although not required for the clinical diagnosis of AD or for eligibility
assessments of DMTs, measurement of these biomarkers in real-world
patients receiving lecanemab is important to understand the biological
heterogeneity within patients that could affect disease progression,
adverse effects, and clinical efficacy.

Therefore, this study aimed to evaluate the heterogeneity of the
ATNIVS biomarkers in patients receiving lecanemab therapy in a real-
world setting.

2. Methods
2.1. Study population and design

We reviewed all patients who visited our AD DMT clinic [10] be-
tween December 2023 and October 2024. We selected this period in this
study, which was before the modification of our initial screening
requirement in November 2024, to include the Mini-Mental State Ex-
amination (MMSE) 20-21 owing to the launch of donanemab on
November 26, 2024. The requirement for referral included a diagnosis of
MCI or mild dementia, MMSE >22 (mandatory by Japanese OUGs), no
evidence of disease other than AD primarily causing cognitive impair-
ment, and the ability to undergo magnetic resonance imaging (MRI)
scans [10]. Those interested in treatment subsequently underwent 3T
MRY], clinical dementia rating (CDR; also mandatory by the Japanese
OUG), and amyloid PET or CSF biomarker testing [10].

2.2. Ethical approval and consent

This study was performed in accordance with the tenets of the
Declaration of Helsinki and approved by the Institutional Review Board
of the Tokyo Metropolitan Institute for Geriatrics and Gerontology
(TMIG) (R23-117). Tokyo Medical Biobank (R21-038), a-syn real-time
quaking-induced conversion (RT-QulC) (R24-032), and 18F_ MK6240
PET studies (R22-088) were also approved. Written informed consent
was obtained for CSF biomarker measurements, ApoE phenotype
testing, biobank, and PET studies.
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2.3. MRI protocol and fazekas score

All MRI scans were obtained using the same 3T MRI scanner (Ingenia
Elition 3.0T; Koninklijke Philips NV, Amsterdam, Netherlands).
Diffusion-weighted imaging, susceptibility-weighted imaging, fluid-
attenuated inversion recovery, and T2-weighted and 3D T1-weighted
imaging were performed in accordance with the Japanese guidelines
[10,11]. The presence or absence of contraindication, including micro-
hemorrhages >5, macrohemorrhage, superficial siderosis, or vasogenic
edema/sulcal effusion, was evaluated by radiologists specialized in
neuroradiology, and was also confirmed in a consensus conference.
White matter hyperintensities on FLAIR images were scored in the
periventricular (PV) and deep white matter by an expert (A. M. T.) using
the Fazekas score [12]. Although not recommended in the appropriate
use recommendations from US experts [13], a Fazekas score of 3 was not
an exclusion criterion in Japanese OUGs; thus, lecanemab was initiated
after informing the risk if deemed necessary.

2.4. Amyloid PET scan and quantification

During this period, all amyloid PET scans were performed using 18p.
flutemetamol (Vizamyl; Nihon Medi-Physics, Tokyo, Japan). Static
emission data were acquired 90-110 min after IV bolus injections. The
administered dose was approximately 185 MBq. Visual reads were ob-
tained by an expert (K. Ishii). According to the approved method, PET
images were visually interpreted in five brain regions (parietal, frontal,
temporal lobes, striatum, and posterior cingulate cortex/precuneus),
and the result was considered positive if there was uptake in any region.
Centiloid scales were calculated using a previously reported automated
semi-quantitative analysis technique without anatomical images [14]
provided by the VIZCalc software (Nihon Medi-Physics). Partial volume
correction (PVC) was not performed. Centiloid scales were derived using
the automated pipeline without anatomical images (VIZCalc), consistent
with the standard Centiloid workflow. The results of those using previ-
ous amyloid PET via approved but different tracers or scanning pro-
tocols were reconfirmed to be visually positive by our expert reading,
but were not included in the quantification analyses.

2.5. CSF AD biomarker measurement

CSF was obtained via a standard lumbar puncture. During the study
period in Japan, the Ap42/AB40 ratio measured using the LUMIPULSE
system (FUJIREBIO INC., Tokyo, Japan) and its assays were the only
approved CSF assay to confirm eligibility for lecanemab. The CSF con-
centrations of AB42, AB40, phosphorylated tau 181 (pTaul81), and total
tau (tTau) were measured using the LUMIPULSE system and its assays
[15,16] at SRL, Inc. (Tokyo, Japan). Af42 and AB40 measurements were
covered by health insurance, whereas pTaul81 and tTau were
research-funded. Predetermined cutoffs were AB42/AB40 0.067 [16],
pTaul81 56.5 pg/mlL, and tTau 404 pg/mL [10]. Although Japan uses a
single cutoff of Ap42/Ap40 0.067, the US FDA suggested two cutoff
values, and the intermediate range 0.059-0.072 was considered a
likely-positive range that may be associated with some uncertainties
[17].

We previously confirmed that CSF pTaul81 mildly but significantly
increases with Ap pathology alone [18]. However, pTaul81 was
significantly higher in those with AP plus tau pathology (> Braak
neurofibrillary tangle stage III), and a predictive cutoff for Ap plus tau
pathology was 83.1 pg/mL, based on our previous autopsy data and
conversion formula between Innotest ELISA and Lumipulse assay [10,
18]. Those who consented were tested for the ApoE phenotype by iso-
electric focusing followed by western blotting [19]. APOE testing was
not covered by insurance or recommended in Japan, and the remaining
patients were not tested.
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2.6. TMIG biobank

Patients were recruited to our biobank during their first visit to the
Memory Clinic, before lumbar puncture, or before lecanemab treatment.
For patients who underwent lumbar puncture, the remaining CSF sam-
ples were handled and stored as previously described [10,20]. Blood
collection was also conducted, and plasma samples were collected in
2Na-EDTA tubes, centrifuged at 2400 x g for 15 min within 30 min, and
stored at —80 °C for future research.

2.7. a-syn seed amplification assay (SAA)

Frozen CSF samples in the biobank available on July 19, 2024, were
used for a-syn SAA analyses via RT-QulC using previously published
methods [20]. The tester was blinded to any clinical or biomarker in-
formation, and positivity was determined based on predetermined
criteria [20].

2.8. Plasma NfL and GFAP measurement

The remaining plasma samples in the biobank were analyzed for
neurofilament light chain (NfL) and glial fibrillary acidic protein
(GFAP). Measurements were conducted using the Simoa HD-X platform
and the Neurology 2-Plex B multiplex assay (Quanterix, Billerica, MA,
USA) at Raybiotech, Inc. (Norcross, GA, USA) after a 4-fold dilution. The
measurements were conducted in duplicate, and the average concen-
tration was used.

2.9. 18F-MK6240 PET and tau PET-based braak staging

Emission data were acquired 90-120 min after intravenous 18g.
MK6240 administration as previously reported [21]. PET images were
visually evaluated by two experts (K. Ishibashi and K. Ishii), and
PET-based Braak staging was conducted in reference to published
methods [22-24] as previously reported [25,26].

2.10. Statistical methods

Statistical analyses were conducted using GraphPad Prism version 9
(GraphPad Software, San Diego, CA, USA) or R version 4.2.1 (R Foun-
dation for Statistical Computing, Vienna, Austria) and the graphical
interface EZR (Saitama Medical Center, Jichi Medical University, Sai-
tama, Japan) [27]. Missing data were addressed using a pairwise dele-
tion approach. Categorical variables are expressed as percentages, and
differences between groups were evaluated using Fisher’s exact test.
Normally distributed continuous variables are expressed as mean =+
standard deviation, and differences between groups were tested using
the Student’s t-test or one-way analysis. of variance (ANOVA), followed
by post hoc analyses using Tukey’s test. Continuous variables without a
normal distribution were expressed as median (interquartile range), and
differences between groups were tested using the Mann-Whitney U test.
Correlations were evaluated using Pearson’s method. Receiver Oper-
ating Characteristic (ROC) analysis was conducted for the centiloid
scale, and cutoffs were determined as the values that maximized the
Youden'’s index.

3. Results
3.1. Baseline characteristics of the patients receiving lecanemab

During this period, 200 patients visited our DMT clinic, and 147
underwent further screening. Fourteen had preexisting positive amyloid
biomarkers (A+), and seven failed screening before biomarker testing
(contraindication on MRI, CDR 0). Of the remaining 126 patients, 80
(63%) underwent amyloid PET, and the remaining selected cerebro-
spinal fluid (CSF). A+ was confirmed in 74% of the cases by PET and
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76% by CSF. Thirty-two were non-eligible because of a negative amyloid
biomarker (A—) and included as controls. Of the 108 A+ patients,
lecanemab was initiated in 93. Baseline characteristics compared with
those in previous reports [2,28-33] are summarized in Table 1. The
mean age was slightly higher than that in the phase 3 trial (71.4),
consistent with real-world US data[29,31,32].

Although men comprised nearly half of the participants in the phase
3 trials [2] and real-world data from some institutions showed a similar
tendency [29,33], the proportion of women was as high as 73.1%, closer
to the general AD population (men: women approximately 1:2) [34-36].
Only 32.4% were APOE €4 carriers, which was lower than that of the
phase 3 trials [2,28] or reports from institutions in other countries [30,
33,37]. Considering previous reports on the Japanese population [38],
the low prevalence could be because of the small sample size for APOE
status. Other baseline characteristics were similar to those observed in
the phase 3 trial.

3.2. Amyloid (A) and Tau (T1, T2) biomarkers

Fifty-three patients underwent amyloid PET with flutemetamol at
the time of evaluation. Although all patients who started lecanemab
were positive for amyloid PET, 21% (11/53) had only regional positivity
(A+-region; 1-4 regions) compared to the widespread positive results
(A+wide; all 5 regions) commonly observed in symptomatic AD. Among
the regional group, Ap deposition was most frequently observed in the
frontal lobe, followed by the temporal lobe and posterior cingulate
cortex/precuneus (Fig. 1A). The mean age was significantly higher in
the A+-region group compared to the A+ige group (79.2 £5.1 vs 73.3 +
8.9 years, p = 0.04). Other baseline characteristics did not differ
significantly between the groups (Table 2). Overall, the amyloid burden
measured using the centiloid scale (0 = young normal, 100 = typical AD
dementia) ranged from 3.1 to 112. Centiloid values significantly
increased from A—, A+region, t0 A+wide (Fig. 1B). ROC analysis identified
optimal cutoff values of 10.9-20.8 for distinguishing A— vs A+ and 41.5
for A+region Vs A+wide (Fig. 1C).

Although CSF AB42/40 was below the cutoff of 0.067 in all patients
who started on lecanemab, the value ranged from 0.027 to 0.063,
including three with values close to the cutoff in the likely-positive range
by the US FDA [17]. All three patients with CSF AB42/40 in this range
were men. Other baseline characteristics did not differ significantly
between groups (Table 2).

CSF pTaul81 concentration ranged from 40.5 to 168 pg/mL
(Fig. 2A). Using the previously suggested cutoff of 56.5 [10] or the
normal reference range of 21.5-59.0 pg/mL, CSF pTaul81 remained in
the normal range in 14.3% (5/35) or 20.0% (7/35), respectively. CSF
tTau levels were highly correlated with pTaul81 (Fig. 2B).

Tau PET (T2) using the AD tau-specific tracer 18 _MK6240 was
performed in a subset of patients (n = 11). Representative images have
been previously published [26] and are presented in Fig. 2C. The Tau
PET-based Braak stages ranged from zero (none) to VI (max) (Fig. 2D).
Both tau PET and CSF pTaul81 results were available for six patients;
despite the small sample size, CSF pTaul81 tended to be higher in pa-
tients with tau PET-based Braak stage V-VI than those with stage I
(Fig. 2D). The association between biological stages based on tau-PET
and clinical stages varied widely (Fig. 2E). Five patients with biolog-
ical > clinical stage tended to be younger in age (70.8 + 8.5 vs. 76.7 +
9.1 years).

3.3. Neurodegeneration (N), inflammation/astrocytic activation (I), and
vascular (V) biomarkers

Plasma NfL (N) ranged from 10.0 to 103.3 pg/mL and did not differ
significantly between the A+ and the A— groups (Fig. 3A). Plasma GFAP
(I) ranged from 121.9 to 652.5 pg/mL and was significantly higher than
the A— group (Fig. 3B). The patients were grouped into four quartiles
(Q1, Q2, Q3, and Q4) for each biomarker. White matter hyperintensities
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Table 1
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Baseline characteristics compared to the phase 3 study and other recent reports of real-world data.

Phase 3 Clarity AD TMIG WashU USA NNI USA Komodo Data USA Veteran USA TLVMC Israel
(n=234) Paczynski (n=71) Shields (n=3155) Sabbagh (n=>56) Mittler J (n=86) Bregman
JAMA Neurol 2025 JPAD2024 Neurol Ther 2025 Neurol 2025 Als Res Ther 2025
Global(n = Asia(n = This study
859) van Dyck 146) Chen (ly,n =
NEJM 2023 et al. JPAD 93)
2025
Age 71.4 £7.9 70.3 £8.1 74.2 +8.1 74.4+6.7 72 75.0+6.8 75.9+5.3 72.0+8.2
Sex (female) 51.6% 58.2% 73.1% 50% 62% 55.8% <10% 53%
MCI 61.5% 69.9% 62.4% 49.3% 60.8% 48.2% 72%
Global CDR 0.5 80.8% 96.6% 88.2% 85%
CDR-SB 3.17 +1.34 2.76 £1.00 2.99
+1.31
MMSE 25.5 £2.2 25.2 £2.1 24.7 £2.0 24+4 25 24.0+2.7
Current use of 52.0% 41.9% 94% 67.6% 48.2%
symptomatic
APOE €4 carrier  68.9% 72.6% 32.4% 62.5% 64% 53%

(12/37)
PET centiloid mean

mean 77.9 +£44.8 82.2 £33.6 60.1
+24.5
range —16.6 to 213 3.1to112

Compared to the phase 3 study and other real-world data, the characteristics of the patient population in this study were a high female proportion and, low ApoE €4
carrier rate. Although not reported in other real-world data, the amyloid PET centiloid level was lower than that reported in the phase 3 trial.

Abbreviations

AD, Alzheimer’s disease; CDR, clinical dementia rating; CDR-SB, CDR sum of boxes; MCI, mild cognitive impairment; MMSE, mini-mental state examination; NNI,
Norton Neuroscience Institute; PET, positron-emission tomography; TLVMC, Tel Aviv Medical Center; TMIG, Tokyo Metropolitan Institute for Geriatrics and

Gerontology

(V) scored by the Fazekas score ranged from 0 to 2 but included some
with 3 (max) for both DWM and PV (Fig. 3C). The associations among
plasma NfL, GFAP, Fazekas DWM, and Fazekas PV were highly hetero-
geneous (Fig. 3D).

3.4. a-syn (S) biomarker

a-syn SAA (S) was evaluated in 24 patients with available CSF
samples. Six (25%) patients showed clearly positive results, and two
(8.3%) showed low positive results. All patients with SAA positivity
were screened for signs of Lewy body disease (LBD). Only one patient
showed signs of parkinsonism at evaluation, and the remaining patients
showed no signs of LBD, including fluctuating cognition, visual hallu-
cinations, REM sleep behavior disorder episodes, parkinsonism, hypo-
smia, lightheadedness on standing, or constipation.

3.5. Association between A biomarker characteristics and other TNIVS
biomarkers

Although the sample size was small, we conducted an exploratory
analysis to compare TNIVS biomarkers between patients grouped ac-
cording to A biomarker characteristics (Table 2). Some associations
were indicated, including higher Fazekas scores in the amyloid PET
regional-positive group and higher plasma NfL in the CSF Ap42/40
0.059-0.067 group.

4. Discussion

We identified substantial heterogeneity in ATNIVS biomarker results
in real-world patients receiving lecanemab.

4.1. Heterogeneity in core 1 (A, T1)

Amyloid PET burden measured by the centiloid scale was lower than
that reported in the global or Asian subpopulations of the phase 3 trial
(Table 1) [2,28]. This discrepancy may reflect differences in PET
acquisition, visual interpretation, quantification methods, and racia-
1/ethnic differences. However, amyloid PET images were acquired using

188 flutemetamol through a standard protocol, visually interpreted ac-
cording to approved criteria, and calculated centiloid scales using the
VIZCalc software, which is consistent with other methods [39].
Although our study included patients with low centiloid values close to
0, which could have lowered the mean value, the phase 3 trial also
included those with low centiloid values, the lowest being —16.6 [2].
There are uncertainties about whether there are racial differences in the
amyloid PET burden at similar clinical stages. The mean amyloid PET
centiloid in the phase 3 trial of donanemab was numerically lower in
Japanese (80.8-89.9 vs. 100.9-103.5 centiloid) [3,40], although this
difference was not observed in the phase 3 trial of lecanemab.

While amyloid PET (A) was visually positive in all tested patients
who started lecanemab, the distribution varied as previously reported in
research cohorts. Although the majority showed Ap deposition in all five
brain regions for the approved flutemetamol visual read, 21% had only
regional positivity (A-+region). A previous study in a research cohort
using similar methods reported the prevalence of A+regjon to be 24% in
end-of-life patients (including asymptomatic patients) and 13% in pa-
tients with A+ amnestic MCI [41]. The study showed that although the
prevalence is likely higher in asymptomatic patients, A+region can be
observed in symptomatic patients with amyloid positivity. Whether
these patients have pure AD or other co-pathologies contributing to
cognitive symptoms remains to be determined. As these percentages
were similar, there were some differences in their distribution patterns.
While a previous study reported that the posterior cingulate cortex
(PCC)/precuneus was most frequently positive in the A+regjon group, the
frontal lobes were most frequently positive in this study, followed by the
temporal lobes and PCC/precuneus. Another flutemetamol study using a
different analytical method reported that the frontal lobe was the most
frequently affected brain region [42]. In this study, patients in the
A-tregion group were older and tended to have milder clinical stages.
Patients with the A+ egion may have other clinical characteristics that
are important for understanding the heterogeneity in AD, and further
studies are warranted.

Although CSF AB42/40 ratios (A) were below the approved cutoff in
all tested patients who initiated lecanemab, some values were close to
the cutoff in the likely-positive range warned by the US FDA. Recent
studies show that CSF pTaul81 increases in the presence of brain Ap
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A 91% 73% 73% 45% 36%
Age Sex Chimical yuse  cprR cDRsB cL  POSYe  pontal Temporal PCCPTeC parietal striatum
stage Regions uneus
82 F MCI 24 05 2 3.1 1 0 1 0 0 0
75 F MCI 28 05 1 20.8 2 1 1 0 0 0
79 F  dementa 23 1 45 78 3 1 1 1 0 0
75 F MCI 24 05 3 2441 3 1 1 1 0 0
80 F MCI 26 1 5 354 3 1 0 0 1 1
81 F MCI 25 05 15 542 3 1 0 1 1 0
73 F dementia 23 0.5 4.5 26.4 4 1 1 1 0 1
87 M MCI 26 05 15 323 4 1 1 1 1 0
87 F MCI 25 0.5 2 39.2 4 1 1 1 1 0
80 F MCI 27 05 25 404 4 1 1 1 0 1
72 F MCI 30 05 2 606 | 4 1 0 1 1 1
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Fig. 1. Regional amyloid PET positivity and centiloid scales of amyloid-positive patients on lecanemab (n = 53) and amyloid-negative patients (n = 21).

A) Characteristics of 11 patients with regional (1-4 of 5) amyloid positivity. All patients were 72 or older in age, and amyloid deposition was most frequently
observed in the frontal lobe, followed by the temporal lobe and posterior cingulate cortex/precuneus. B) Representative amyloid PET images of A+yide and A+region-
While Ap deposition is observed in all five regions in A+iqe, deposition was observed only in three regions (frontal, temporal, and PCC/precuneus in this case) in
Aregion- C) Centiloid scale significantly increased from A— (—4.6 & 10.7), A+ egion (31.3 & 17.5), to A+yige (67.6 £ 20.2). D) ROC curves differentiating A— vs A+
Or A+region VS A+wide- The Centiloid scale had a high AUC for both differentiations.

A—, amyloid negative; A+region, amyloid regionally positive; A+iqe, amyloid widespread positive; AUC, area under the curve; CDR, clinical dementia rating; CDR-SB,
Slinical dementia rating sum of boxex; CL, centiloid scale; MMSE mini-mental state examination; PCC, posterior cingulate cortex.s.

<

Table 2
Comparison between amyloid PET regional vs widespread positive and CSF Ap42/40 likely vs clearly positive groups.

Amyloid PET (n = 53) CSF Ap42/40 (n =35)

A+region (n = 11) A+wide (n = 42) p value 0.059-0.067 (n = 3) < 0.059 (n = 32) p value

Baseline Age 79.2 £5.1 73.3 £8.9 *0.040 76.7 £7.4 73.9 £7.5 0.55
Female 90.9% 78.6% 0.67 0% 68.8% *0.044
MCI 81.8% 54.8% 0.34 66.7% 59.4% 1
MMSE 25.5 £2.2 24.5 £2.1 0.17 23.3 £0.58 24.7 £1.9 0.26
CDR 0.5 81.8% 81.0% 1 100% 96.9% 1
CSR-SB 2.68 +1.38 3.32 +£1.19 0.13 2.17 +0.76 2.86 +1.42 0.42

T1 CSF pTaul8l n/a n/a - 67.1 £24.5 98.0 +£36.5 0.16

T2 tau PET-based Braak stage 1 [0.5-1.5] 4 [3.5-4.5] 0.20 1 5 [5-6] 0.21
available data 2/11 3/42 1/3 5/32

N plasma NfL 23.4 £7.3 29.2 +£20.7 0.40 30.8 £2.1 20.8 +£6.6 *0.015

I plasma GFAP 290 +148 348 £125 0.24 264 +£139 312 £123 0.54
available data 10/11 29/42 3/3 28/32

A% Fazekas DWM 1[1-2] 1[1-1] 10.067 2[1.5-2] 1[1-1] 0.13
Fazekas PV 2 [1-2.5] 1[1-1] *0.022 2[1.5-2.5] 1[1-2] 0.19

S CSF asyn SAA n/a n/a 0% 31.8% 1
available data 1/3 22/32

Abbreviations

Aregion, amyloid regionally positive; A+yide, amyloid widespread positive; Ap, amyloid-beta; CDR, clinical dementia rating; CDR-SB, CDR sum of boxes; CSF, ce-
rebrospinal fluid; DWM, deep white matter; GFAP, glial fibrillary acidic protein; MCI, mild cognitive impairment; MMSE, mini-mental state examination; NfL, neu-
rofilament light chain; pTaul81, tau phosphorylated at threonine 181; PV, periventricular; SAA, seed amplification assay; asyn, alpha-synuclein

A-tregion, amyloid regionally positive; A+wide, amyloid widespread positive; AB, amyloid-beta; CDR, clinical dementia rating; CDR-SB, CDR sum of boxes; CSF, ce-
rebrospinal fluid; DWM, deep white matter; GFAP, glial fibrillary acidic protein; MCI, mild cognitive impairment; MMSE, mini-mental state examination; NfL, neu-

rofilament light chain; pTaul81, tau phosphorylated at threonine 181; PV, periventricular; SAA, seed amplification assay; asyn, alpha-synuclein.

pathology, and two of the three patients with CSF AB42/40 ratio within
this range showed increased pTaul81, suggesting AD, whereas one
showed a normal pTaul81 value. As observed in those with clearly
decreased CSF Ap42/40 ratio, the meaning of normal CSF pTaul81 re-
mains to be determined. Our previous autopsy validation study included
patients with normal CSF pTaul81 levels and advanced AD pathology at
autopsy [18]. Conversely, in the present study, CSF pTaul81 above the
cutoff was specific to those with an abnormal Ap42/40 ratio. Although
caution is needed in some rare diseases [19], our results may suggest
that pTaul81 increase is relatively specific for AD, at least in real-world
patients evaluated for anti-Af antibodies.

4.2. Heterogeneity in core 2 (T3)

Recently revised criteria divide tau biomarkers into T1 and T2 stages
[6]. Tau PET is the most reliable T2 biomarker and, although not
required for AD diagnosis, it is important for understanding the bio-
logical stage of AD [6]. Four biological stages have been proposed based
on the tau PET distribution and uptake [6]. 18 MK6240 is a
second-generation tau PET tracer with high sensitivity and specificity
for AD tau pathology and minimal off-target binding to the choroid
plexus [43], enabling better evaluation of the medial temporal cortex
[44]. Tau PET-based Braak stage using this tracer was proposed and has
been used in multiple studies [22-24]. PET-based Braak stage O corre-
sponds to no uptake, and stages I-1I correspond to uptake restricted to
the medial temporal areas, which may not be directly associated with
MCI or dementia stages [6]. Although the revised criteria proposed
using the uptake magnitude in the neocortex to separate the latter two
stages (moderate vs. high), some of the earliest reports used a topog-
raphy similar to the PET-based Braak stage to approximate the

discrimination of these two stages [45].

In this real-world cohort of patients with MCI or mild AD dementia
treated with lecanemab, tau PET-based Braak stage ranged from normal
(0) to fully abnormal (VI). Three patients (27%) with PET-based Braak
stages 0-1I showed more advanced clinical stages than those suspected
from the biological stages, and may suggest co-pathologies [6]. This
proportion is consistent with recent reports that used different tau PET
methods [45-47]. Five patients with PET-based Braak stages V-VI had
MCI. Some of these patients may have a biological stage that is more
advanced than that suspected based on the clinical stage, and may
suggest resilience/reserve [6]. Continuing research in real-world pa-
tients receiving anti-Ap antibodies should be important to understand
the heterogeneity in tau pathology.

CSF pTaul81 is known to increase with Af pathology and is also
associated with AD tau pathology/PET tracer uptake in individuals with
A+[18,24]. Previous studies suggested that CSF pTaul81 is further
increased at Braak stages III-IV, but does not continue to increase in
later Braak stages (V-VI) [24]. Although only a limited number of pa-
tients had both CSF pTaul81 and tau PET results, patients with
PET-based Braak stages V-VI in this study also tended to have a higher
CSF pTaul81, mostly above our previously estimated cut-off [10,18].
While waiting for approval of better biomarkers for AD tau patholo-
gy/PET tracer uptake, measuring CSF pTaul81 in addition to the
ApB42/40 ratio, may have some additional benefits.

4.3. Heterogeneity in NIV

Neurodegeneration (N) and inflammation/astrocytic activation (I)
biomarkers are nonspecific to AD, but are important in AD pathogenesis
[6]. CSF/plasma NfL and GFAP are the most common fluid biomarkers



M. Kurihara et al.

A CSF pTau181

(pg/mL)
200 P
Y
e I
150 & o s A-
°s .
PP ° At
100~ S
® .
........ .. }
L e e B o e —— g —--—----
50- o’o:ZA A:}AA
I A
LI
.'.
0 T - T 1
0.00 0.05 0.10 0.15
CSF AB42/40
C PET-based Braak |

80M, CDR 0.5, MMSE 23

200
150 e}
o)
CSF
pTau181 100 . o
(pg/mL) ................................ .
50 o
O 1 1 1 I 1 1
0 | 1l m v v Vv
P tau PET-based Braak stage
no
obtained ® e o o o
[T2— " Tomris | Tomops || Torighs

The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100567

B CSF tTau
(pg/mL)
150004 * A= =005
. A+ (091-0.97)
" o
' o
10004 : o
N S
] :.....:
500 TR
| .Aof_ ___________
N
)
]
0 1 1 1 1
0 50 100 150 200

CSF pTau181 (pg/mL)

PET-based Braak V
70F, CDR 0.5, MMSE 25

Clinical stage
preclinical MCI dementia
T, 1
Tomris 1 1
T2MOD+ 2
ToricH+ 5 1

(caption on next page)



M. Kurihara et al. The Journal of Prevention of Alzheimer’s Disease 13 (2026) 100567
Fig. 2. CSF biomarker results and tau PET using '®*F-MK6240 PET.

A) All patients with CSF AB42/40 ratio above the approved cutoff of 0.067 (A—) showed pTaul81 value below the cutoff (56.5 pg/mL) (both in dashed lines). Of the
35 patients with CSF AB42/40 below the cutoff, three (8.6%) had values close to the cutoff in the likely-positive range by the US FDA, associated with some un-
certainties (0.059-0.072) (in dotted lines). These three patients had pTaul81 values of 41.0 (< 56.5), 70.8 (56.5-83.1 [in dotted line]), and 89.6 (> 83.1) pg/mL,
respectively. Three patients with clearly decreased Ap42/40 ratio (< 0.059) had pTaul81 values in the normal range (< 56.5 pg/mL). The remaining patients had
abnormal pTaul81 values above (n = 19) or below (n = 13) 83.1 pg/mL. (B) CSF tTau is highly correlated with p-taul81 (r = 0.95). (C) Representative tau PET
images using '®F-MK6240 PET. Color scales represent the standardized uptake value ratio, with the cerebellum as the reference region (= 1). (D) Tau PET-based
Braak stage ranges from 0 (normal) to VI (max). While one with PET-based Braak stage I had low CSF pTaul81, patients with stage V-VI tended to have higher
CSF pTaul81 values (41.0 vs 109.1 + 32.7 pg/mL, p = 0.13). (E) The association between biological stages based on tau PET and clinical stages is presented.
A—, amyloid negative ; A+, amyloid positive; Ap, amyloid-beta; pTaul81, tau phosphorylated at threonine 181; tTau, total tau ; Ty, T2 biomarker negative (no
uptake on tau PET); Toymrr+, tau PET uptake restricted to medial temporal areas; Tovop,, moderate tau PET uptake in the neocortex; Tomigu-, high tau PET uptake in

the neocortex.
<
<

for assessing N and L. Cerebrovascular disease is a common and impor-
tant co-pathology of AD. Although there is no consensus on which
indices should be used as vascular (V) biomarkers, white matter
hyperintensities (WMH) on MRI are often evaluated, and may partly
reflect microvascular injuries [6]. The Fazekas score is widely used for
scoring the severity of WMH. High intensities in the PV and DWM are
scored separately and may differ in etiology and functional correlates
[48]. In this study, we identified substantial heterogeneity in N, I, and V
biomarkers and their combinations. Based on the results of previous
studies [6,49], these biomarkers may become important for under-
standing the heterogeneity in disease progression speed and other
follow-up variables in future studies using real-world data.

4.4. Heterogeneity in S (a-syn)

Lewy bodies, composed of a-syn, are a common co-pathology in
patients with AD [50,51]. Now that highly-specific a-syn SAAs are
available, studies have started to test in patients with AD [51] or in a
wider population, including AD [52,53]. Positivity has been reported to
be 10-30% in patients with AD [20,51,54-56] and may be associated
with distinct features [53,57]. However, the positivity rate in real-world
patients receiving lecanemab remains unknown.

In this study, 25-33% were a-syn SAA positive using a previously
validated method [20]. The positivity rate was slightly higher than that
in some studies on AD [20,55,56] but was within the reported range.
This discrepancy could be because of many reasons, including differ-
ences in the study population, assay, or cutoff values. However, the fact
that the same method yielded lower positivity (10%) in our previous
study [20], differences in the study population, such as higher age (65.2
+ 11.6 vs. 74.2 + 8.1 years old), may have contributed. Importantly,
only 12.5% (1/8) of a-syn SAA-positive patients showed clinical signs of
LBD at evaluation. Our results further support the importance of eval-
uating a-syn SAA even in patients without obvious symptoms of LBD.

4.5. Association between A and other biomarkers

Despite the small sample size, there were some indications from the
exploratory analyses comparing A-+region VS A+wide by amyloid PET and
between likely- (0.059-0.067) and clearly- (< 0.059) positive by CSF
ApB42/40 ratio. The Fazekas scores (both DWM and PV) were higher in
the A-+region group. This difference may be explained by vascular factors
contributing more often to cognitive symptoms in the A+ regjon group.
Fazekas scores also tended to be higher in the CSF A$42/40 0.059-0.067
group. Plasma NfL. was higher in the CSF A$42/40 0.059-0.067 group.
Although the reasons remain unknown, the results suggest that more
severe neurodegeneration caused by AD or co-pathologies is associated
with higher plasma NfL levels. Although based on very few cases, the
tau-PET-based Braak stage tended to be lower in these groups. Patients
with A biomarkers closer to the threshold may tend to have a lower tau
burden and more co-pathologies that contribute to cognitive symptoms.
However, caution is necessary because there have been reports of low
amyloid PET and high neocortical tau PET [21,58].

4.6. Limitations and future perspectives

This study has some limitations. First, this was a retrospective study
using data obtained from a clinical setting, and there were missing re-
sults for several biomarkers (particularly T1, T2, and S). Particularly, the
number of patients in the CSF Ap42/40 0.059-0.067 group was only
three, and the difference between groups, such as sex, may not be reli-
able. The number of patients with tau PET results was also small,
limiting the generalizability. Since most patients donated their blood
samples to our biobank, future studies using blood-based biomarkers,
including T1 (pTau217), T2 (MTBR-tau243) [59], and S (a-syn SAA)
[60] would be important. Second, this was a single-center study con-
ducted in Japan, and each institution and country should have different
populations and situations. Larger nationwide and worldwide studies
are important to understand the full picture of the real world. Third,
amyloid PET quantification was performed without PVC. Partial volume
effects related to cortical atrophy and white-matter spill-in/spill-out
may influence regional uptake estimates and, consequently, the classi-
fication of regional (A+region) vs widespread (A-+wide) positivity,
particularly in older or more atrophic patients. Future studies in our
cohort should evaluate MRI-based PVC pipelines and test the robustness
of regional-positivity patterns under PVC. Fourth, because data collec-
tion was ongoing, we summarized baseline data and did not include
follow-up data in this report. Biomarker characteristics such as low tau
or amyloid burden may be associated with better clinical outcomes,
while others including positive a-syn SAA may be associated with worse
clinical outcomes. Moreover, biomarker heterogeneity may also be
associated with adverse events such as amyloid-related imaging abnor-
malities. Such information would be valuable for better shared-decision
making. We plan to report the association between ATNIVS biomarker
heterogeneity and follow-up data (clinical outcomes and adverse events)
as soon as we obtain sufficient data.

5. Conclusion

We identified substantial heterogeneity in ATNIVS biomarkers
among real-world patients receiving lecanemab. These results are
important for understanding heterogeneity in future analyses using real-

world data.
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Fig. 3. Plasma NfL, plasma GFAP, and white matter hyperintensity by Fazekas score.

(A, B) Plasma concentrations of NfL and GFAP were compared between A— and A+. While NfL showed no significant difference, GFAP was significantly higher in A+.
Plasma NfL and GFAP showed wide distribution from 10.0 to 103.3 pg/mL and from 121.9 to 652.5 pg/mL, respectively. In the A+ group, values were grouped into
four quartiles (Q1, Q2, Q3, Q4) for each biomarker. (C) White matter hyperintensities (V) scored by the Fazekas score mainly ranged from O to 2 but included some
with a maximum of 3, both for DWM and PV. (D) The association between plasma NfL, plasma GFAP, Fazekas DWM, and Fazekas PV was highly heterogeneous.
A—, amyloid negative ; A+, amyloid positive; DWM, deep white matter ; GFAP, glial fibrillary acidic protein; NfL, neurofilament light chain; PV, periventricular.
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