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Background: Amyloid beta (A 𝛽) targeting immunotherapies have evolved as promising treatment options for 

patients with early symptomatic Alzheimer’s disease (AD). Understanding how eligibilty criteria impact on the 

number of patients potentially qualifying for treatment is of high relevance for designing diagnostic workflows 

in clinical practice and for estimating required ressources and costs. 

Objectives: We aimed at estimating the number of potentially eligible patients for treatment with the A 𝛽 targeting 

antibodies aducanumab, lecanemab and donanemab in a specialized center real-world sample by the applying 

the phase 3 clinical trial and the appropriate use recommendations (AUR) inclusion and exclusion criteria to the 

data set. The post-mortem report was used for defining amyloid positivity and the presence of AD pathology in 

this study. 

Design: Retrospective, descriptive study. 

Setting: The multicenter National Alzheimer‘s Coordinating Center-Uniform Data Set (NACC-UDS) and Neu- 

ropathology Data Set (NACC–NP). 

Participants: We included all 3,343 participants of the NACC dataset with available post-mortem pathology 

reports. 

Measurements/Results: 887 participants were potential candidates for anti-A 𝛽 immunotherapy as they presented 

with amnestic mild cognitive impairment or mild dementia and the clinical diagnosis of AD (amnestic AD syn- 

drome). Applying the criterion of amyloid positivity (post mortem report) and the clinical trial inclusion and 

exclusion criteria to this sample resulted in 83 (9 %), 275 (31 %), and 172 (19 %) participants eligible for treat- 

ment with aducanumab, lecanemab, and donanemab, respectively. Applying the criteria of the AUR resulted in 

242 (27 %) and 266 (30 %) participants eligible for treatment with aducanumab or lecanemab, respectively. The 

eligible participant groups for each antibody showed partial, but not full overlap. Co-pathologies were common. 

Conclusions: The number of eligible participants varies between the different antibodies and the selected groups 

only partly overlap, indicating partly different groups of eligible participants for each antibody. Since not all 

inclusion and exclusion criteria can be extracted from the NACC-UDS dataset, the real number of eligible patients 

will be smaller. 
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. Introduction 

Alzheimer’s disease (AD) is the most common cause of dementia and

ne of the main causes of morbidity and mortality in an aging popula-

ion [ 1 ]. Therefore, specific care and treatment of AD is of pivotal im-

ortance for both the affected patients and society as a whole [ 1 , 2 ].

mmunotherapy using amyloid beta (A 𝛽) targeting antibodies has re-

ently evolved as a disease-modifying therapy (DMT) in patients with

arly symptomatic AD [ 3 ]. Based on two phase 3 trials with inconsistent

linical results (both terminated after futility analysis) aducanumab was
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he first antibody to receive accelerated approval as a DMT for early AD

y the United States Food and Drug Administration (FDA) in 2021. The

ccelerated approval was based on amyloid removal, which was inter-

reted as reasonable likely to confer clinical benefit [ 3 ]. In 2024, com-

ercialization of aducanumab was terminated worldwide and studies

o generate sufficient clinical data for full FDA approval were stopped.

he application for marketing authorisation in the European Union (EU)

as withdrawn by the company before evaluation by the European

edicines Agency (EMA). The antibodies lecanemab and donanemab

oth received full approval for the treatment of early AD by the FDA in
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023 and 2024 based on phase 3 clinical data showing amyloid removal

nd significant clinical efficacy [ 4 , 5 ]. Both are also licensed in China and

apan. Lecanemab is additionally approved in South Korea, Israel, and

he United Arab Emirates (UAE). In the United Kingdom (UK) both are

pproved with the exclusion of homozygote carrieres of the 4-allele of

he apolipoprotein E gene (APOE 4/4). Both are still under evaluation

n the EU. 

The trial populations of the phase 3 clinical studies of these anti-

odies were rigorously defined by clinical and neuropsychological in-

lusion and exclusion criteria as well as the in-vivo evidence of amy-

oid on positron-emission tomography (PET) or by cerebrospinal fluid

CSF) testing [ 4–6 ]. Given the assumption that immunotherapy is most

ffective in the early symptomatic stage of AD, namely mild cognitive

mpairment (MCI) and mild dementia, and the fact that amyloid-related

maging abnormalities (ARIA) are side-effects of concern, treatment in

linical care is recommended in patients, who largely match those in-

luded in phase 3 clinical trials. 

While the prescribing information of the antibodies approve the use

or a wider range of patients, United States (US) dementia experts pub-

ished appropriate use recommendations (AUR) for the respective com-

ounds in order to achieve an optimal benefit/risk ratio for patients in

linical practice [ 7 , 8 ]. The AUR provide extensive guidance on several

spects of clinical use of these antibodies including, but not limited to,

ndication, communication with patients about the treatment, applica-

ion, safety monitoring and side effect management. The inclusion and

xclusion criteria provided by the AUR largely adopt those from the clin-

cal trials [ 7 , 8 ]. In addition, the AUR propose exclusion criteria based

n the safety findings from the clinical trials [ 3 , 7 , 8 ]. Until now, AUR

re available for aducanumab and lecanemab. The AUR for donanemab

ave not been published yet. 

Given the costs of the treatment and monitoring, there is a sub-

tantial concern in many countries about the expected number of pa-

ients qualifying for treatment and the related burden on healthcare re-

ources. So far, a few studies have been published reporting the num-

er of eligible patients in specific settings or samples [ 9–15 ]. In the

resent study, we analyzed the The National Alzheimer‘s Coordinating

enter-Uniform Data Set (NACC-UDS) and the NACC–Neuropathology

NACC–NP) Data Set, which is collected by the National Institute on Ag-

ng (NIA)-funded Alzheimer’s Disease Research Centers (ADRC). It con-

ains cross-sectional and longitudinal clinical care data of participants

ith cognitive impairment. The biomarker assessment in the NACC-UDS

ataset is non-standardized, and the NACC steering board recommends

gainst its the use for research purposes. The NACC–NP dataset, how-

ver, contains post-mortem data of NACC-UDS participants, which pro-

ides information on AD pathology. In this study, we applied the phase 3

linical trial inclusion and exclusion criteria of aducanumab, lecanemab,

nd donanemab as well as the AUR criteria for treatment of aducanumab

nd lecanemab to determine how many participants of the NACC-UDS

ohort would be eligible for treatment and how the participants’ groups

or the different antibodies overlap. Post-mortem NACC–NP data were

sed to define amyloid positivity and the presence of AD pathology. In

ddition, we describe the co-pathologies in all groups. We chose to in-

lude aducanumab for completeness acknowledging that is not available

or patient treatment at present. 

. Methods 

.1. Dataset 

We obtained the publicly available NACC-UDS and NACC–NP Data

et upon our request. The procedures of the NACC-UDS and the

ACC–NP have been described in detail before [ 16–18 ]. In brief, par-

icipants are referred to an ADRC by clinicians, by themselves, by their

amily members, or have reached the site through active community

ecruitment according to the procedures of each individual ADRC. At

ach ADRC, the participants’ data are collected with a standard pro-
2

ocol [ 16 , 17 , 19 ] by clinicians and trained interviewers. Post-mortem

europathological evaluations are conducted at each ADRC. Written in-

ormed consents are obtained from participants at each ADRC and ap-

roved by the ADRC’s Institutional Review Board. Research using the

ACC database is approved by the University of Washington Institu-

ional Review Board. This analysis used data from 41 ADRCs. 

.2. Data selection 

Participants enrolled in the NACC-UDS between June 2005 and Au-

ust 2021 were the basis for the present analyses. Demographic data,

he Mini-Mental-State-Examination (MMSE) score, the Clinical Demen-

ia Rating (CDR) global score according to the CDR® Dementia Stag-

ng Instrument plus NACC FTLD Behavior & Language Domains, and

nformation on comorbidities and medication at the baseline visit were

sed as participants’ characteristics. The post-mortem reports, which

ere used to determine the presence or absence of AD pathology, in-

lude the Thal phases of A 𝛽/amyloid plaques, the Braak neurofibrillary

angles (NFT) staging, and the Consortium to Establish a Registry of

D (CERAD) neuritic plaque score. In the NACC–NP, AD pathology in

otal is defined according to the ABC score by summarizing the Thal

hase (A), the Braak stage (B), and the CERAD neuritic plaque score (C)

o a summary score. The score can be classified as “high ”, “intermedi-

te ”, “low ”, or “not ” as described in more detail previously [ 20 ]. The

BC scores “high ” and “intermediate ” are interpreted as the presence

f AD pathology, while the scores “low ” and “not ” are interpreted as

he absence of AD pathology. According to the NACC–NP reports on co-

athologies, information on Lewy body pathology, hippocampal sclero-

is, infarctes and lacunes, single and multiple old hemorrhages, fronto-

emporal lobe degereration (FTLD) with tau pathology, FTLD-tau Pick’s

isease subtype, and other tau-pathologies was used. 

.3. Application of treatment eligibility criteria 

Of all participants with an available post-mortem pathology report,

hose with a documented “amnestic AD syndrome ” at the baseline visit

ere selected. The amnestic AD syndrome was defined by (i) cogni-

ive impairment corresponding to mild cognitive impairment (MCI) or

ild dementia operationalized by a global CDR score [ 21 , 22 ] of 0.5 or

, respectively, (ii) at least mild memory impairment according to the

DR® plus NACC FTLD, and (iii) the physician’s rating that the symp-

oms indicate AD as the most likely etiological diagnosis according to

he National Institute of Neurological and Communicative Diseases and

troke / Alzheimer’s Disease and Related Disorders Association or NIA-

lzheimer’s Association criteria for AD dementia [ 23 , 24 ]. 

Inclusion criteria of the clinical phase 3 trials of aducanumab

ENGAGE/EMERGE), lecanemab (CLARITY-AD), and donanemab

TRAILBLAZER-ALZ 2) were applied to the participants’ datasets

 4–6 , 8 ]. Supplement Tables 1, 3 and 5 show how the application

as operationalized. The same approach was taken for the AUR of

ducanumab and lecanemab (operationalization see supplement Tables

 and 4) [ 7 , 8 ]. Given the information available in the NACC-UDS, not

ll criteria of the trials and the AUR could be mapped. 

To operationalize the trial criterion of amyloid positivity on PET,

e referred to studies that reported post-mortem Thal phase of 3–5 to

orrespond to a positive amyloid-PET in the living human [ 25–27 ]. Con-

equently, we consider participants of the NACC cohort as amyloid pos-

tive, who showed a post-mortem Thal phase of 3–5. In addition, we

etermined the number of all post-mortem amyloid-positive cases, as

efined by a Thal phase > 0. 

The Tau-PET criterion of the donanemab trial TRAILBLAZER-ALZ 2

as operationalized by a post-mortem Braak stage of 3 or 4 indicating

ntermediate tau spread. 

In the last step, exclusion criteria of the trials and of the AUR, respec-

ively, were applied (see supplement Tables 1–5 for operationalization)

 4–8 ]. 
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Table 1 

Co-pathologies in participants fulfilling inclusion and exclusion criteria of the clinical trials or the appropriate use recommendations (AUR). 

Clinical trials AUR 

Co-pathology (%) Aducanumab ( n = 83) Lecanemab ( n = 275) Donanemab ( n = 172) Aducanumab ( n = 242) Lecanemab ( n = 266) 

Lewy body pathology 52 49 53 52 52 

Hippocampal sclerosis 16 19 20 17 19 

Infarcts and lacunes 11 10 9 11 11 

Single/multiple old hemorrhages 2 1 2 1 2 

FTLD with tau pathology or other taupathy 4 5 3 7 6 

FTLD-tau subtype – Pick’s disease 0 0 1 0 0 

Results are indicated as percent (%). The proportion of participants in whom the co-pathologies was not reported was low ( ≤ 2 %). Clinical trials: EMERGE/ENGAGE 

(aducanumab), CLAIRITY-AD (lecanemab), TRAILBLAZER-ALZ 2 (donanemab). 
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.4. Data analysis 

For each trial and AUR, the number of participants fulfilling the clin-

cal inclusion and exclusion criteria were determined. We also counted

he number of cases with an CDR global score of either 0.5 or 1 and

he number of participants with full AD pathology in each group. For

ach group, the co-pathologies were additionally counted. Euler dia-

rams were created to visualize the sample sizes and the overlap be-

ween the respective groups. For data analysis and creation of figures,

he statistical computing language and environment R was used [ 28–

0 ]. 

. Results 

.1. Selection of participants based on clinical trial criteria 

Of 44,359 participants included in the NACC-UDS, 3,343 partici-

ants had available post-mortem pathology reports (mean interval be-

ween baseline visit and death: 6.8 years, standard deviation (SD): 3.4

ears). Of these, 887 participants showed an amnestic AD syndrome

t baseline. Of these, 153 (17 %) fulfilled the clinical inclusion crite-

ia for the aducanumab trials (EMERGE/ENGAGE) of which 136 (89 %,

5 % of the full sample) were amyloid positive. 407 (46 %) fulfilled

he clinical inclusion criteria for the lecanemab trial (CLARITY-AD) of

hich 363 (89 %, 41 % of the full sample) were amyloid positive. 425

48 %) fulfilled the clinical inclusion criteria for the donanemab trial

TRAILBLAZER-ALZ 2) of which 387 (91 %, 44 % of the full sample)

ere amyloid positive. After applying the exclusion criteria of the clin-

cal trials, 83 participants (9 % of the full sample) remained eligible

or aducanumab, 275 (31 % of the full sample) for lecanemab, and 172

19 % of the full sample) for donanemab. After the application of the

au spread criterion of TRAILBLAZER-ALZ 2 (Braak stage 3–4), only 8

articipants (1 % of the full sample) remained eligible for donanemab,

hile 94 % were in Braak stage 5–6. Given the suspected spread of tau

ver time between the baseline visit and autopsy, we did not consider

his criterion further. 

Of the selected participants, 81 (98 %) of the aducanumab group,

69 (98 %) of the lecanemab group, and 170 (99 %) of the donanemab

roup showed full AD pathology according to the ABC criteria. When

ncluding all amyloid-positive participants defined by a Thal phase > 0,

he number of eligible participants for aducanumab, lecanemab, and

onanemab increased by 8 (10 %), 16 (6 %), and 8 (5 %) respectively. 

The proportion of participants with a CDR global score of 0.5 differed

etween the samples (100 % for aducanumab, 50 % for lecanemab and

7 % for donanemab). Co-pathologies of the selected participants are

isted in Table 1 . Fig. 1 shows the selection process and the resulting

amples. The overlap of the samples is depicted in Fig. 2 . 

.2. Selection of participants based on the appropriate use 

ecommendations (AUR) 

Of 887 participants with an amnestic AD syndrome at baseline, 476

54 %) fulfilled the clinical inclusion criteria of the aducanumab AUR
3

f which 426 (89 %, 48 % of the full sample) were amyloid positive,

nd 427 (48 %) fulfilled the clinical inclusion criteria for lecanemab of

hich 382 (89 %, 43 % of the full sample) were amyloid positive. After

pplying the exclusion criteria, 242 (27 % of the full sample) were eligi-

le for aducanumab, and 266 (30 % of the full sample) for lecanemab.

f the selected participants, 239 (99 %) of the aducanumab group, and

61 (98 %) of the lecanemab group showed full AD pathology accord-

ng to the ABC criteria. When including all amyloid-positive participants

efined by a Thal phase > 0, the number of participants eligible for ad-

canumab and lecanemab increased by 17 (7 %), and 16 (6 %) respec-

ively. 

In both groups, the proportion of participants with a CDR global

core of 0.5 was similar (50 % and 51 % for the aducanumab and

ecanemab samples, respectively). Co-pathologies of the selected par-

icipants are listed in Table 1 . Fig. 1 shows the selection process and

he resulting samples. Fig. 2 shows the overlap of the selected groups.

ig. 3 shows the overlap of participants who are eligible for treatment

ith aducanumab or lecanemab according to the clinical trial criteria

nd the AUR. 

. Discussion 

Applying the selection criteria of the clinical trials or the AUR of

urrent amyloid-targeting antibodies to participants with an amnestic

yndrome at the stage of MCI or mild dementia (CDR global score of 0.5

r 1) in our study, results in a maximum of 30 % who would eventually

e eligible for treatment. Our findings are consistent with the results

f previous studies, which have indicated that the majority of patients

n the early stages of symptomatic AD do not qualify for immunother-

py. In more detail, the study by Pittock et al. examined the number

f eligible participants according to the clinical trial selection criteria

f lecanemab and aducanumab in participants of the Mayo Clinic Study

f Aging, a population of 5,255 community-dwelling research volun-

eers [ 9 ]. This study found that among the subset of 237 participants

ith MCI or mild dementia and increased brain amyloid burden, only

 % were eligible for lecanemab and 5.1 % for aducanumab. Rosenberg

t al. determined the eligibility for treatment with aducanumab accord-

ng to the AUR in the single center memory clinic population of Karolin-

ka University Hospital [ 10 ]. The analysis comprised 410 participants

ith cognitive complaints, including subjective cognitive impairment,

CI and dementia. The authors found that only approximately 10 % of

articipants met the eligibility criteria for treatment, with some varia-

ion depending on different biomarker cutoffs. Likewise, other studies

ave examined eligibility for immunotherapy by applying the selection

riteria of the clinical trials or the AUR of either antibody to patient

ata from memory clinics and found comparable results [ 11–14 ]. More-

ver, based on National Health Service data, Laurell et al. estimated that

0,200 patients (3.1 % of all dementia cases) would qualify for antibody

reatment in the United Kingdom [ 15 ]. 

While the cited studies all used biomarkers (CSF or PET) for de-

ermining amyloid, we used post-mortem data. The advantage of our

pproach is that the post-mortem examination can be considered the

old standard for detection of pathology. It also provides quantitative
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Fig. 1. Number of participants in The National Alzheimer‘s Coordinating Center-Uniform and Neuropathology Data Set after each selection step. The width of the 

rectangles represents the relation of number of participants at each step. ∗ Mild Cognitive Impairment or mild dementia (according to a global Clinical Dementia 

Rating score of 0.5 or 1, respectively) with at least a mild memory impairment and AD as the most likely etiological diagnosis. † Inclusion and exclusion criteria 

according to the respective phase 3 clinical trial criteria / AUR. ‡ Thal phase 3–5 at autopsy. Abbreviations: AD = Alzheimer’s disease, AUR = Appropriate Use 

Recommendations. 

Fig. 2. Number and overlap of eligible participants after mapping the phase 3 clinical trial criteria (A) and the AUR (B) of the indicated antibodies (colored) onto 

The National Alzheimer‘s Coordinating Center-Uniform Data Set and Neuropathology Data Set. The size of the ellipses and circles reflects the respective sample sizes 

with overlap. AUR = Appropriate Use Recommendations. 
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A  
nd spatial information of amyloid below the detection threshold of

iomarkers. In our analysis, we first applied a Thal phase of 3 or higher

s the criterion for amyloid positivity, which corresponds to a positive

myloid PET [ 26 , 27 ]. In a second step, we defined all cases with a Thal

hase of > 0 as amyloid positive, thereby including participants who

ould not be amyloid positive on PET. Importantly, we found that the
4

ncrease by including cases with a Thal phase 1–2 was only 10 % or less

n all analyses, suggesting that the proportion of minimally amyloid pos-

tive cases that are missed by biomarker criterion in the living human

s small. Also, we found that 98–100 % of all participants fulfilling the

linical trial or the AUR criteria also fulfilled the ABC criteria for full

D pathology including the required tau pathology, reassuring that the
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Fig. 3. Number and overlap of eligible participants after mapping the phase 3 clinical trial criteria and the AUR of the indicated antibody (colored) onto The National 

Alzheimer‘s Coordinating Center-Uniform Data Set and Neuropathology Data Set. The size of the circles reflects the respective sample sizes. AUR = Appropriate Use 

Recommendations. 
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myloid criterion reflects full AD in just about all cases. The disadvan-

age of our approach is the interval between the baseline assessment,

t which the clinical inclusion and exclusion criteria were obtained,

nd the post-mortem analyses, which was on average 6.8 years later.

hile amyloid is considered to be at a plateau before symptom onset

nd throughout the disease course, tau pathology is spreading during

he symptomatic phase of the disease. This explains why only 1 % of

ll cases selected based on clinical criteria at baseline showed a Braak

tage of 3–4 at later autopsy (corresponding to the tau-PET inclusion

riteria in the TRAILBLAZER-ALZ 2 trial) and 94 % were at Braak stage

–6. As such, our approach cannot be used to determine the number of

articipants, who fulfill the TRAILBLAZER-ALZ 2 tau criteria. 

Our data show that among participants eligible for treatment, co-

athologies are common. This particularly applies to Lewy body pathol-

gy which was present in about 50 % of participants, but also for hip-

ocampal sclerosis (16–20 %) potentially due to transactive response

NA binding protein (TDP)− 43 pathology, and vascular lesions (10 %).

hese results are largely in line with earlier studies that investigated

he prevalence of co-pathologies in AD patients at autopsy [ 31 , 32 ]. The

resence of co-pathologies could influence cognitive trajectories [ 32–

4 ], and it is not yet known to what extend co-pathologies impact on

he efficacy of amyloid-targeting immunotherapies [ 34 ]. As a limitation,

e cannot define the proportion of co-pathology, which developed dur-

ng the time interval between the clinical assessment at the baseline

isit, on which we mapped the inclusion and exclusion criteria, and the

ost-mortem evaluation. 

Applying the different selection criteria to the NACC dataset resulted

n samples of participants that did not fully overlap and varied in size.

onsequently, the number of patients eligible for immunotherapy may

ary depending on the antibody used. Moreover, given that these sam-

les only partially overlap, the respective antibody therapies will be pro-

ided to slightly different patient groups, if treatment initiation adheres

o the respective criteria. This may partially limit the comparability of

he effects and side effects of these antibodies in clinical practice. 

Our study demonstrates the significant difference of applying the

linical trial criteria versus the AUR in the case of aducanumab, which

re primarily driven by the fact that the EMERGE and ENGAGE trials

nly included patients with a global CDR score of 0.5, while the AUR do

ot require this particular CDR score. In contrast, the number of partici-
 f

5

ants selected by trial criteria and the AUR for lecanemab did not differ

onsiderably. 

Our results are limited by the fact that, while the NACC dataset repre-

ents a real-world sample of participants referred to an ADRC, its charac-

eristics may not fully align with those of other specialized institutions.

lso, neuropathological information, notably on amyloid pathology, is

navailable in clinical practice, where it is estimated by biomarkers. The

vailable biomarkers in the NACC dataset are in turn not recommended

or scientific purposes by the NACC steering board. Due to these differ-

nces, our estimates might be slightly different from those derived from

 biomarker-based clinical setting. In addition, not all selection criteria

rom the clinical trials or the AUR could be applied to the dataset, as

ertain criteria were either not precisely detailed or only partially item-

zed (refer to supplemental Tables 1–5). This limitation was especially

vident for MRI data, as information on brain pathologies observed on

RI was mostly unavailable in the NACC dataset. Consequently, the

ercentage of eligible patients for treatment in clinical settings might

e even smaller than the present data suggest. 

In conclusion, the application of different selection criteria used in

hase 3 clinical trials or the AUR leads to a variable number of pa-

ients eligible for each of the different immunotherapies. Furthermore,

epending on the applied selection criteria of the clinical trial, and to

 lesser extent on the respective AUR, the selected patient groups only

artially overlap, which needs to be considered when comparing real

orld treatment data. 
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