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F IGURE 1 Staging illustrated with imaging biomarkers along withmodifying effects of copathology and cognitive reserve. A, Prototypical
temporal evolution in Alzheimer’s disease (AD): sequential evolution of amyloid and tau positron emission tomography (PET), followed by
neurodegeneration and clinical symptoms. Time is on the x axis andmagnitude of biomarker or clinical abnormality is on the y axis; (A) also
illustrates an idealized evolution of AD imaging biomarkers in an individual with only AD neuropathologic change (MTL refers tomedial temporal
lobe uptake on tau PET). B, The effect of neurodegenerative copathology in a personwith biological AD stage A (i.e., A+T2−) but severe
neurodegeneration and clinical symptoms that are out of proportion to the degree of tauopathy. This is denoted by a leftward shift (horizontal gray
arrow) of neurodegeneration (N) and clinical symptoms (C) relative to the pure AD temporal sequence. C, The effect of exceptional cognitive
reserve. This is denoted by a rightward shift, later in time (horizontal gray arrow), in the appearance of cognitive symptoms (C, dashed green line)
relative to the average temporal biomarker sequence.
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Abstract

The National Institute on Aging and the Alzheimer’s Association convened three sep-

arate work groups in 2011 and single work groups in 2012 and 2018 to create

recommendations for the diagnosis and characterization of Alzheimer’s disease (AD).

The present document updates the 2018 research framework in response to several

recent developments. Defining diseases biologically, rather than based on syndromic
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IMPORTANCE Since 2018, a movement has emerged to define Alzheimer disease (AD) as a
purely biological entity based on biomarker findings. The recent revision of the Alzheimer
Association (AA) criteria for AD furthers this direction. However, concerns about a purely
biological definition of AD being applied clinically, the understanding of AD by society at large,
and the translation of blood-based biomarkers into clinical practice prompt these
International Working Group (IWG) updated recommendations.

OBJECTIVE To consider the revised AA criteria and to offer an alternative definitional view of
AD as a clinical-biological construct for clinical use. The recommendations of the 2021 IWG
diagnostic criteria are updated for further elaborating at-risk and presymptomatic states.

EVIDENCE REVIEW PubMed was searched for articles published between July 1, 2020, and
March 1, 2024, using the terms “biomarker” OR “amyloid” OR “tau” OR “neurodegeneration”
OR “preclinical” OR “CSF” OR “PET” OR “plasma” AND “Alzheimer’s disease.” The references
of relevant articles were also searched.

FINDINGS In the new AA diagnostic criteria, AD can be defined clinically as encompassing
cognitively normal people having a core 1 AD biomarker. However, recent literature shows
that the majority of biomarker-positive cognitively normal individuals will not become
symptomatic along a proximate timeline. In the clinical setting, disclosing a diagnosis of AD
to cognitively normal people with only core 1 AD biomarkers represents the most problematic
implication of a purely biological definition of the disease.

CONCLUSIONS AND RELEVANCE The ultimate aim of the field was to foster effective AD
treatments, including preventing symptoms and dementia. The approach of diagnosing
AD without a clinical and biological construct would be unwarranted and potentially
concerning without a clear knowledge of when or whether symptoms will ever develop.
It is recommended that those who are amyloid-positive only and, more generally, most
biomarker-positive cognitively normal individuals, should not be labeled as having AD.
Rather, they should be considered as being at risk for AD. The expansion of presymptomatic
AD is viewed as a better diagnostic construct for those with a specific pattern of biomarkers,
indicating that they are proximate to the expression of symptoms in the near future.

JAMA Neurol. doi:10.1001/jamaneurol.2024.3770
Published online November 1, 2024.
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from these studies are higher than those for AD dementia
from either the multistate model or Framingham Study.
Another study of lifetime risks of all-cause dementia risks
[28] was based on the Canadian Study of Health and Aging
and reported even higher estimates than those based on Ag-
ing Demographics and Memory Study and Rotterdam. The
Canadian study reported lifetime risks of all-cause dementia
(not stratified by gender) at ages 65, 75, and 85 years of
42.4%, 47.3%, and 58.5%, respectively [28].

Two other studies on AD and mortality are relevant to the
question at hand although these studies did not directly esti-
mate lifetime risks [30,31]. One study based on data from the
Chicago Health and Aging Project found that approximately
600,000 deaths in the US occurred among persons over the
age of 65 years with AD in 2010, which represented
approximately 32% of all US deaths over the age of 65
years [30,32]. A second study using data from multiple
sources including Chicago Health and Aging Project, the
Rush Memory and Aging Project, and the Religious Order
Study concluded that approximately 503,400 deaths in the
US among persons aged 75 years and older were
attributable to AD dementia in 2010, which represents
approximately 36% of deaths over the age of 75 years
[31,32]. The results from these two studies [30,32]
suggested that AD dementia is identified in well over 30%
of US deaths among elderly persons, a percentage that is
higher than any of the multistate model lifetime risk or
Framingham estimates in Table 5. To summarize, compared
with the lifetime risk of AD dementia from the multistate
model reported here, two mortality studies [30,31]
suggested higher risks, whereas the Framingham study
[5,6] suggested lower risks.

4. Discussion

The prevalence of preclinical AD in the United States
has been estimated to be approximately 46.7 million per-
sons [14]. Tables 1 and 3 show that most persons with pre-
clinical disease will not develop AD dementia during their
lifetimes. We find that the lifetime risks for AD dementia
vary considerably by age, gender, and preclinical disease
state. If interventions could slow disease progression rates
even modestly, lifetime risks of AD dementia could be
appreciably reduced [33].

Lifetime risks are useful from a number of perspectives.
Lifetime risk calculations can provide guidance as to
whether biomarker screening would provide clinically use-
ful prognostic information. For example, the lifetime risks
of AD dementia for 90-year males and females who do not
have cognitive impairment are less than 12.4% and 16.9%,
respectively. Thus, 90-year olds who do not have cognitive
impairment are unlikely to develop AD dementia during
their lifetime regardless of their current preclinical state,
and thus, biomarker screening would not yield much addi-
tional prognostic information. In some situations, lifetime
risks may allay some anxiety about the meaning of a partic-
ular positive screening test with regard to the likelihood of
developing AD dementia. For example, the lifetime risk of
AD dementia of a 60-year-old male with amyloidosis is
only 23%, and thus, he is considerably more likely to not
develop AD dementia. Lifetime risks also explain some
discordance between clinical and pathological studies.
Some studies have reported persons with AD brain pathol-
ogy who do not have AD dementia at the time of death. Life-
time risks can help explain that discordance. For example,

Table 4
Ten-year risks (%) of AD dementia for males based on screening for amyloidosis (A), neurodegeneration (N), and mild cognitive impairment (MCI) by age

Age Normal state 1 A state 2 N state 3 A & N state 4 MCI & A & N state 5 MCI & N state 6

60 0.2 (0.05–0.8) 1.2 (0.6–2.4) 3.4 (1.0–13.5) 6.7 (4.3–10.4) 91.1 (88.5–92.8) 54.9 (46.2–65.3)
65 0.4 (0.13–1.6) 2.3 (1.2–4.5) 4.0 (1.3–14.1) 10.1 (6.4–15.2) 88.8 (86.1–90.8) 52.6 (44.1–62.7)
70 1.0 (0.3–3.2) 4.2 (2.1–7.9) 5.0 (1.8–15.1) 14.2 (9.2–21.0) 84.9 (81.9–87.2) 48.7 (40.7–58.4)
75 1.9 (0.6–5.5) 6.8 (3.5–12.1) 6.4 (2.5–16.6) 18.4 (12.0–26.4) 79.0 (75.5–81.6) 43.0 (35.8–52.0)
80 2.9 (1.0–7.7) 8.9 (4.8–15.1) 7.5 (3.1–17.1) 20.4 (13.6–28.5) 69.7 (65.8–72.9) 34.9 (28.8–42.8)
85 3.3 (1.2–7.8) 8.4 (4.7–13.8) 7.1 (3.1–14.6) 18.1 (12.2–24.9) 56.6 (52.5–60.2) 25.2 (20.5–31.6)
90 2.3 (0.9–5.1) 5.4 (3.0–8.7) 4.6 (2.1–9.2) 12.4 (8.3–17.0) 40.2 (36.4–43.5) 15.6 (12.5–20.0)

Abbreviation: AD, Alzheimer’s disease.
NOTE. Lower and upper bounds are given in brackets.

Table 3
Lifetime risks (%) of AD dementia for males based on screening for amyloidosis (A), neurodegeneration (N), and mild cognitive impairment (MCI) by age

Age Normal state 1 A state 2 N state 3 A & N state 4 MCI & A & N state 5 MCI & N state 6

60 13.9 (6.9–25.1) 23.1 (14.9–33.0) 23.1 (11.4–44.3) 33.6 (24.4–43.5) 92.9 (91.7–93.9) 71.7 (64.3–79.2)
65 12.9 (6.3–23.6) 21.9 (13.9–31.4) 20.8 (10.3–39.4) 32.9 (23.8–42.7) 90.4 (88.6–91.7) 64.9 (57.1–73.2)
70 11.3 (5.4–21.2) 19.9 (12.5–29.0) 18.2 (9.0–34.0) 31.3 (22.5–40.7) 86.0 (83.6–87.8) 56.3 (48.6–65.0)
75 9.3 (4.3–17.8) 17.2 (10.6–25.4) 15.2 (7.5–28.2) 28.6 (20.3–37.5) 79.5 (76.5–82.0) 46.6 (39.4–55.2)
80 6.8 (3.0–13.5) 13.6 (8.2–20.6) 11.7 (5.7–21.9) 24.5 (17.1–32.5) 69.9 (66.1–73.0) 36.0 (29.8–43.8)
85 4.4 (1.9–9.2) 9.5 (5.6–14.8) 8.1 (3.9–15.5) 18.9 (13.0–25.5) 56.7 (52.6–60.2) 25.3 (20.6–31.7)
90 2.4 (1.0–5.2) 5.4 (3.1–8.8) 4.7 (2.2–9.2) 12.4 (8.3–17.0) 40.2 (36.4–43.5) 15.6 (12.5–20.0)

Abbreviation: AD, Alzheimer’s disease.
NOTE. Lower and upper bounds are given in brackets.
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Donanemab

Lecanemab

Aducanumab

Donepezil Galantamin

Tacrin Rivastigmin Memantin

381 35

Wirkmechanismus: Hemmung des Acetylcholinabbaus 
durch Blockade von Cholinesterasen bzw. Blockade der 
Transmission über NMDA-Rezeptoren
Interaktionen:
5 Cholinesterasehemmer:

5 Verstärkung der Wirkung von Suxamethonium
5 Verstärkung der Wirkung anderer bradykarder 

Wirkstoffe
5 Memantin:

5 Verstärkung der Wirkung anderer NMDA-Antago-
nisten

5 Verstärkung der Wirkung von Antiparkinson-
mitteln

Unerwünschte Wirkungen:
5 Cholinesterasehemmer: Verwirrtheit, Agitiertheit, Schlaf-

störungen, Depressionen, Schwindel, Kopfschmerzen, 
Abdominalkrämpfe, Durchfall, Appetitlosigkeit, Übelkeit, 
Erbrechen, Muskelkrämpfe, Harninkontinenz

5 Memantin: Schwindel, evtl. Krampfanfälle, Müdigkeit, 
Verwirrtheit, Blutdruckerhöhung, Obstipation, Kopf-
schmerzen

Klinische Anwendung: Demenzerkrankungen, ins-
besondere Morbus Alzheimer
Kontraindikationen:
5 Cholinesterasehemmer: bradykarde Herzrhythmus-

störungen, Überleitungsstörungen, schwere Herz-
insuffizienz, Krampfanfälle, Abhängigkeitsanamnese, 

35.4.2   Wechselwirkungen

Cholinesterasehemmer:
5 Verstärkung der Wirkung von Suxamethonium
5 Verstärkung der Wirkung anderer bradykard wirkender 

Arzneimittel (z. B. β-Blocker)

Memantin:
5 Verstärkung der Wirkung anderer NMDA-Antagonisten 

(z. B. Amantadin und Ketamin)
5 Verstärkung der Wirkung von Antiparkinsonmitteln.

35.5   Pharmakokinetik

Lernziele
Eigenschaften:
Alle angeführten Antidementiva
5 sind lipophil
5 sind gut oral bioverfügbar
5 dringen schnell ins ZNS ein

Elimination
5 Cholinesterasehemmer hepatisch, ausgenommen 

Rivastigmin (Abbau durch Cholinesterasen)
5 Memantin wird glucuronidiert und dann renal eliminiert

Alle in der Alzheimer-Therapie eingesetzten Cholinesterase-
hemmer sind lipophil, werden nach oraler Verabreichung 
gut und mit einer Ausnahme (Donepezil) sehr schnell 
resorbiert und dringen auch schnell ins ZNS ein. Bezüg-
lich des Metabolismus gibt es beträchtliche Unterschiede 
(. Tab. 35.1).

Memantin wird nach oraler Gabe komplett und schnell 
resorbiert und dringt schnell ins Gehirn ein. Es wird mit 
60–100 h Halbwertszeit primär durch Glucuronidierung 
und nachfolgende renale Ausscheidung eliminiert.

35.6   Gruppen von Antidementiva

Lernziele
5 Cholinesterasehemmer: Rivastigmin, Galantamin und 

Donepezil
5 Memantin

Als Antidementiva werden Cholinesterasehemmer und 
Memantin eingesetzt (. Abb. 35.1). Zur Wirkungsweise 
Steckbrief.

Steckbrief Antidementiva
Wirkstoffe:
5 Cholinesterasehemmer: Rivastigmin, Galantamin und 

Donepezil
5 Memantin

. Abb. 35.1 Strukturfomeln der Antidementiva Tacrin, Rivastigmin, 
Galantamin, Memantin und Donepezil
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Lernziele
5 Cholinesterasehemmer: Rivastigmin, Galantamin und 

Donepezil
5 Memantin

Als Antidementiva werden Cholinesterasehemmer und 
Memantin eingesetzt (. Abb. 35.1). Zur Wirkungsweise 
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Wirkmechanismus: Hemmung des Acetylcholinabbaus 
durch Blockade von Cholinesterasen bzw. Blockade der 
Transmission über NMDA-Rezeptoren
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5 Memantin: Schwindel, evtl. Krampfanfälle, Müdigkeit, 
Verwirrtheit, Blutdruckerhöhung, Obstipation, Kopf-
schmerzen

Klinische Anwendung: Demenzerkrankungen, ins-
besondere Morbus Alzheimer
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61 Empfehlung  Neu  

Stand 2023 
Empfehlungsgrad: 
 
⇑⇑ stark dafür (A) 

Wir schlagen vor, den Einsatz von Donepezil oder transdermalem 
Rivastigmin zur Behandlung von Kognition und der Verrichtung 
von Alltagsaktivitäten bei der schweren Alzheimer-Demenz zu 
erwägen.*  

Kognition, Aktivitäten 
des täglichen Lebens: 
Hoch ⊕⊕⊕⊕ 

Literatur: 
Birks et al (2018) PMID: 29923184 
Burns et al. (2009) PMID: 19042161 
Farlow et al. (2013) PMID: 23924050 

 88 % Konsens 
 
*Die Behandlung stellt eine off-label Behandlung dar.  
 
Sollte es in der Behandlung der schweren Alzheimer-Demenz dazu kommen, dass eine 
Behandlung mit dem zugelassen Medikament Memantin nicht möglich ist oder es erheblich 
Zweifel an der Wirksamkeit im Einzelfall gibt und eine Behandlungsindikation besteht, kann 
der Einsatz von Acetylcholinesterasehemmern, die für die leichte bis mittelschwere Alzheimer 
Demenz zugelassen sind, erwogen werden.  
 
In einer Metaanalyse über 5 randomisierte klinische Studien mit 1.348 Menschen mit 
mittelschwerer bis schwerer Alzheimer Demenz zeigte ein signifikanter Effekt auf die 
Kognition (Severe Impairment Battery (SIB), MD 5.92, 95% KI 4.53 to 7.31) und über 3 Studien 
mit 733 Patienten auf die Alltagsfunktionen (Alzheimer's Disease Cooperative Study activities 
of daily living score for severe Alzheimer's disease (ADCS-ADL-sev), MD 1.03, 95% KI 0.21 bis 
1.85) (Birks et al., 2018). 
 
Eine randomisierte klinische Studie mit transdermalen Rivastigmin 4,6mg/24h 
(Eindosierungsdosis ohne nachgewiesenen Effekt auf Kognition oder Alltagfunktionen) im 
Vergleich zu transdermalen 13,3mg/24h Rivastigmin bei 716 Menschen mit schwerer 
Alzheimer Demenz zeigte eine signifikante Überlegenheit der höheren Dosis in Bezug auf 
Kognition (SIB, least-squares means difference: 4.9, 95% KI Ϯ͘ϴ� ďŝƐ� ϳ͘Ϭ͖� Ɖ� <0.001) und 
Alltagsfunktionen (ADCS-ADL-SIV, least-squares means difference: 1.2, 95 % KI: 0.2 bis 2.3, 
p=0.025) bei vergleichbarer Verträglichkeit (Farlow et al., 2013).   
 
In einer Studie mit insgesamt 407 Menschen mit schwere Alzheimer Demenz zeigte sich eine 
Überlegenheit von Galantamin auf Kognition (SIB, least squares mean difference 4.36, 1.3 to 
ϳ͘ϱ͖�ƉсϬ͘ϬϬϲͿ͘ Es zeigte sich kein signifikanter Unterschied in den Alltagsfunktionen (Burns et 
al., 2009). 
 
Donepezil ist in den USA auch für die Behandlung der schweren Alzheimer-Demenz 
zugelassen. 
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4.1.2.2 Antidementive Pharmakotherapie der mittelschweren bis schweren Alzheimer-
Demenz  

Frage: Welche Pharmakotherapie ist zur Verbesserung von Kognition und Alltagsfunktionen 
bei mittelschwerer bis schwere Alzheimer Demenz geeignet? 

 
60 Empfehlung  Neu 

Stand 2023 
Empfehlungsgrad: 
 
⇑⇑ stark dafür (A) 

Wir empfehlen, Memantin zur Behandlung von Kognition und der 
Fähigkeit zur Verrichtung von Alltagsaktivitäten bei der 
mittelschweren bis schweren Alzheimer-Demenz einzusetzen. 

Kognition, Aktivitäten 
des täglichen Lebens: 
Hoch ⊕⊕⊕⊕ 

Literatur: 
McShane et al. (2019) PMID: 30891742 
IQWiG (2011) A10-06 

 91 % Konsens 
 
 
Der of N-methyl-d-aspartate(NMDA) Rezeptor Antagonist Memantin ist in Deutschland 
zugelassen zur Therapie der mittelschweren bis schweren Alzheimer-Demenz. Es handelt sich 
um eine symptomatische Therapie.  
 
In einer Metaanalyse über 3700 Menschen mit moderater bis schwerer Alzheimer Demenz 
über 14 Studien zeigten sich auf Kognition und auf Alltagsfähigkeiten kleine Effekte (Kognition: 
3.11 Severe Impairment Battery (SIB) Punkte (95% </�Ϯ͘ϰϮ�ďŝƐ�ϯ͘ϵϮͿ͖��ůůƚĂŐƐĨƵŶŬƚŝŽŶĞŶ͗�ϭ͘Ϭϵ�
ADL19 Punkte (95% CI 0.62 to 1.64) (Mc Shane et al., 2019).  
 
Das IQWiG hat den patientenbezogenen Nutzen von Memantin bei mittelschwere bis 
schwerer Demenz auf Kognition und den Hinweis für Nutzen auf alltagpraktische Fähigkeiten 
bestätigt (IQWiG, 2011).  
 
Eine Dosisanpassung muss bei eingeschränkter Nierenfunktion entsprechend der 
Nierenfunktion erfolgen (EMA): Bei Patienten mit leichter Beeinträchtigung der 
Nierenfunktion (Kreatinin-Clearance 50 - 80 ml/min) ist keine Anpassung der Dosis 
erforderlich. Bei Patienten mit einer mittelschweren Nierenfunktionsstörung (Kreatinin-
Clearance 30- 49 ml/min) sollte die Dosis 10 mg täglich betragen. Bei guter Verträglichkeit 
über mindestens 7 Tage kann die Dosis auf 20 mg pro Tag entsprechend dem 
Standardtitrationsschema erhöht werden. Bei Patienten mit schwerer 
Nierenfunktionsstörung (Kreatinin-Clearance 5 – 29 ml/min) sollte die Dosis 10 mg pro Tag 
betragen. 
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4.1.2.3 Antidementive Kombinationsbehandlungen 

Frage: Ist die Kombination von Antidementiva der Monotherapie in der Behandlung der 
Alzheimer-Demenz überlegen? 

 

62 Empfehlung  Neu 
Stand 2023 

Empfehlungsgrad: 
 
⇓⇓ stark dagegen (A) 

Wir empfehlen, eine Kombinationsbehandlung aus einem 
Acetylcholinesterasehemmer und Memantin zur Behandlung von 
Kognition und der Fähigkeit zur Verrichtung von Alltagsaktivitäten 
bei der Alzheimer-Demenz aller Schweregrade nicht einzusetzen. 

Kognition, Aktivitäten 
des täglichen Lebens: 
Hoch ⊕⊕⊕⊕ 

Literatur: 
Tsoi et al. (2019) PMID: 29717478 

 100 % (starker) Konsens 
 
In der klinischen Praxis stellt sich inbesondere beim Fortschreiten der Symptomatik unter 
Monotherapie mit einem Antidementivum oft die Frage, ob die Kombination von einem 
Acetylcholinesterasehemmer mit Memantin einen zusätzlichen Therapieeffekt erzielen 
würde.  

In einer Metaanalyse über 13 randomisierte Studie, die eine Behandlung mit einem 
Acetylcholinesterasehemmer in Monotherapie mit der Kombination aus einem 
Acetylcholinesterasehemmer mit Memantin verglichen konnten für die leichte bis 
mittelschwere und die mittelschwere bis schwere Demenz weder für Kognition noch für 
Alltagsfunktionen eine signifikante Überlegenheit der Kombinationstherapie nachgewiesen 
werden (Tsoi et al., 2019). 

 

Von der Evidenz zur Empfehlung (GRADE summary factors) 

Nutzen/Schaden 
Es besteht kein Nutzen durch die Kombinationstherapie. Es besteht ein erhöhtes Risiko für 
Nebenwirkungen durch die Kombinationstherapie.  
 
Vertrauenswürdigkeit der Evidenz 
Hoch  

Risiko für Bias: gering 
Indirektheit: die Kognition wurde direkt durch kognitive Tests gemessen. Die 
Aktivitäten des täglichen Lebens wurden mittels Fragebögen über die Angehörigen 
erfasst. Die Studien wurden bei Menschen mit klinischer Diagnose einer Alzheimer 
Demenz durchgeführt. Diese Studien waren nicht Biomarker-basiert und 
erforderten keinen Nachweis der Alzheimer Pathologie. Es ist davon auszugehen, 
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4.1.2.4 Dauer der antidementiven Pharmakotherapie  

Frage: Wie lange soll die Therapie mit einem Antidementivum durchgeführt werden? 

 
63 Empfehlung  Neu 

Stand 2023 
Empfehlungsgrad: 
 
⇑ Schwach dafür (B) 

Wir schlagen vor, Acetylcholinesterasehemmer zur Behandlung 
von Kognition und der Fähigkeit zur Verrichtung von 
Alltagsaktivitäten bei der Alzheimer-Demenz langfristig 
einzusetzen, auch bei Verschlechterung der klinischen 
Symptomatik. 

Kognition, Aktivitäten 
des täglichen Lebens: 
Niedrig ⊕⊕⊝⊝ 
 

Literatur: 
Parsons et al. (2021) PMID: 35608903 

 97 % (starker) Konsens 
 

In der klinischen Praxis stellt sich oft die Frage nach der Dauer der Behandlung mit einem 
Acetylcholinersterasehemmer, insbesondere wenn die Patienten unter der Behandlung eine 
Verschlechterung zeigen.  

In einer Metaanalyse über 7 randomisierte kontrollierte Absetzstudien mit insgesamt 759 
Patienten und Beobachtungszeiträumen von 6 Wochen bis zu 12 Monaten zeigte sich eine 
Verschlechterung der Kognition bei Patienten, bei denen Acetylcholinesterasehemmer 
abgesetzt wurde im Vergleich zu Patienten, bei denen die Behandlung fortgeführt wurde im 
kurzen Beobachtungszeitraum (SMD: 0.42, 95% KI: -0.64 bis-Ϭ͘Ϯϭ͖� ϰ� ^ƚƵĚŝĞŶͿ͕� ŝŶ� ĞŝŶĞŵ�
mittlerer Beobachtungszeitraum (SMD -0.40, 95% CI -Ϭ͘ϴϳ�ďŝƐ�Ϭ͘Ϭϳ͖�ϯ�^ƚƵĚŝĞŶͿ�ƵŶĚ�ŶĂĐŚ�ϭϮ�
Monaten (-2.09 standarisierte Mini-Mental Status Test (SMMST) Punkte, 95% KI -3.43 
bis -Ϭ͘ϳϱ͖�ϭ�̂ ƚƵĚŝĞͿ͘�/Ŷ��ĞǌƵŐ�ĂƵĨ��ůůƚĂŐĨƵŶŬƚŝŽŶĞŶ�ǌĞŝŐƚĞ�ƐŝĐŚ�ŬĞŝŶ�ƐŝŐŶŝĨŝŬĂŶƚĞƌ��ĨĨĞŬƚ�ŝŵ�ŬƵƌǌĞŶ�
Beobachtungzeitraum, ein Effekt im mittleren Beobachtungseitraum (SMD -0.38, 95% KI -0.74 
bis -Ϭ͘Ϭϭ͖�Ϯ�^ƚƵĚŝen) und ein Effekt nach 12 Monaten (MD -3.38 Bristol Activities of Daily Living 
Scale (BADLS) Punkte, 95% KI -6.67 bis -Ϭ͘ϭϬ͖�ĞŝŶĞ�^ƚƵĚŝĞͿ�ǌƵŐƵŶƐƚĞŶ�ĚĞƌ�tĞŝƚĞƌďĞŚĂŶĚůƵŶŐ 
(Parsons et al, 2021). 

Hieraus ergibt sich, dass Evidenz für eine langfristige Behandlung der Alzheimer-Demenz 
vorliegt, auch bei Personen, die sich in der Symptomatik verschlechtern. Im Einzelfall stellt sich 
dann die Frage, wann eine Therapie beendet werden soll. Hierfür kann keine evidenzbasierte 
Aussage getroffen werden. Gründe für eine Beendigung der Therapie können z.B. neu 
aufgetretene Kontraindikationen sein. Außerdem kann im Verlauf der Behandlung, häufig im 
sehr fortgeschrittenen Stadium der Demenz, Zweifel an der Wirksamkeit bestehen und 
Umstände auftreten, die die weitere Einnahme problematisch machen, wie zum Beispiel eine 
Ablehnung der Medikamenteneinnahme. Auch die Phase der sehr schweren Demenz mit 
weitgehend aufgehobener Kommunikationsfähigkeit und mit Bettlägerigkeit bzw. 
vollständiger Pflegebedürftigkeit können Situationen sein, in denen in einem gemeinsamen 
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4.1.2.2 Antidementive Pharmakotherapie der mittelschweren bis schweren Alzheimer-
Demenz  

Frage: Welche Pharmakotherapie ist zur Verbesserung von Kognition und Alltagsfunktionen 
bei mittelschwerer bis schwere Alzheimer Demenz geeignet? 

 
60 Empfehlung  Neu 

Stand 2023 
Empfehlungsgrad: 
 
⇑⇑ stark dafür (A) 

Wir empfehlen, Memantin zur Behandlung von Kognition und der 
Fähigkeit zur Verrichtung von Alltagsaktivitäten bei der 
mittelschweren bis schweren Alzheimer-Demenz einzusetzen. 

Kognition, Aktivitäten 
des täglichen Lebens: 
Hoch ⊕⊕⊕⊕ 

Literatur: 
McShane et al. (2019) PMID: 30891742 
IQWiG (2011) A10-06 

 91 % Konsens 
 
 
Der of N-methyl-d-aspartate(NMDA) Rezeptor Antagonist Memantin ist in Deutschland 
zugelassen zur Therapie der mittelschweren bis schweren Alzheimer-Demenz. Es handelt sich 
um eine symptomatische Therapie.  
 
In einer Metaanalyse über 3700 Menschen mit moderater bis schwerer Alzheimer Demenz 
über 14 Studien zeigten sich auf Kognition und auf Alltagsfähigkeiten kleine Effekte (Kognition: 
3.11 Severe Impairment Battery (SIB) Punkte (95% </�Ϯ͘ϰϮ�ďŝƐ�ϯ͘ϵϮͿ͖��ůůƚĂŐƐĨƵŶŬƚŝŽŶĞŶ͗�ϭ͘Ϭϵ�
ADL19 Punkte (95% CI 0.62 to 1.64) (Mc Shane et al., 2019).  
 
Das IQWiG hat den patientenbezogenen Nutzen von Memantin bei mittelschwere bis 
schwerer Demenz auf Kognition und den Hinweis für Nutzen auf alltagpraktische Fähigkeiten 
bestätigt (IQWiG, 2011).  
 
Eine Dosisanpassung muss bei eingeschränkter Nierenfunktion entsprechend der 
Nierenfunktion erfolgen (EMA): Bei Patienten mit leichter Beeinträchtigung der 
Nierenfunktion (Kreatinin-Clearance 50 - 80 ml/min) ist keine Anpassung der Dosis 
erforderlich. Bei Patienten mit einer mittelschweren Nierenfunktionsstörung (Kreatinin-
Clearance 30- 49 ml/min) sollte die Dosis 10 mg täglich betragen. Bei guter Verträglichkeit 
über mindestens 7 Tage kann die Dosis auf 20 mg pro Tag entsprechend dem 
Standardtitrationsschema erhöht werden. Bei Patienten mit schwerer 
Nierenfunktionsstörung (Kreatinin-Clearance 5 – 29 ml/min) sollte die Dosis 10 mg pro Tag 
betragen. 
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4.1.2.1 Antidementive Pharmakotherapie der leichten bis mittelschweren Alzheimer 
Demenz  

 
Frage: Welche Pharmakotherapie ist zur Verbesserung von Kognition und Alltagsfunktionen 
bei leichter bis mittelschwere Alzheimer Demenz geeignet? 

 
58 Empfehlung  Neu 

Stand 2023 
Empfehlungsgrad: 
 
 ⇑⇑ stark dafür (A) 

Wir empfehlen, Acetylcholinesterase-Hemmer zur Behandlung 
von Kognition und der Fähigkeit zur Verrichtung von 
Alltagsaktivitäten bei der leichten bis mittelschweren 
Alzheimer-Demenz einzusetzen. 

Kognition, Aktivitäten 
des täglichen Lebens: 
Hoch ⊕⊕⊕⊕ 
 

Literatur: 
IQWIG-Abschlussbericht (2007) a0519a 
 
Weitere Hintergrundliteratur: 
S3-Leitlinie Demenzen (DGPPN & DGN, 2016) 
NICE Guideline Dementia (2018) 

 91 % Konsens 
 
 
 
Die Acetylcholinesterase-Hemmer Donepezil, Galantamin und Rivastigmin sind in Deutschland 
zugelassen zur Therapie der leichten und mittelschweren Alzheimer-Demenz (s. Tabelle 5). Es 
handelt sich um symptomatische Therapien.  
 
Sie sind wirksam hinsichtlich Besserung kognitiver Funktionen (Donepezil: Cohen’s d: -0.51 [-
0.60, -0.42], Galantamin: Cohen’s d: -0.51 [-0.59, -0.43], Rivastigmin: Cohen’s d: -0.42 [-0.65, -
0.19] und der Verrichtung von Alltagsaktivitäten Donepezil: Cohen’s d: -0.44 [-0.66, -0.21]; 
Cohen’s d: Galantamin: -0.18 [-0.26, -0.10], Cohen’s d: Rivastigmin: -0.27 [-0.37, -0.16] (IQWiG-
Bericht. Jahr: 2007 Nr. 17).  
 
Die Auswahl des Acetylcholinesterase-Hemmers sollte sich primär am Neben- und 
Wechselwirkungsprofil orientieren, da keine Hinweise für klinisch relevante Unterschiede in 
der Wirksamkeit der verfügbaren Substanzen vorliegen. Es sollte immer die höchste 
zugelassene Dosis angestrebt werden. 
Die Nebenwirkungen treten dosisabhängig auf und sind im Regelfall transient. Persistierenden 
Nebenwirkung, z.B. in Form von Übelkeit, Diarrhoe, Urininkontinenz, Schlafstörungen oder 
erhöhter Reizbarkeit können im Einzelfall zu einer Beendigung der Therapie führen, wobei bei 
persistierender Nebenwirkung eine Dosisreduktion die Verträglichkeit deutlich erhöhen kann. 
Bei der Pflasterapplikation von Rivastigmin können Hautreaktionen auftreten, die auch zu 
einer Beendigung der Therapie führen können. Ein Wechsel des Präparats bei 
Nebenwirkungen innerhalb der Substanzklasse ist sinnvoll, da eine unterschiedliche 
Nebenwirkungssensitivität bei den einzelnen Präparaten bei einer Person beobachtet werden.  
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Acetylcholinesterase-Inhibitoren & Memantin

Jessen & Dodel et al. S3-Leitlinie Demenzen, vom 28.11.2023

• AChE-I:
• empfohlen bei leicht- bis mittelgradiger Alzheimer-Demenz.
• ein Einsatz kann auch bei der schwergradigen Alzheimer-Demenz erwogen werden.
• ein dauerhafter Einsatz wird empfohlen, auch bei klinischer Verschlechterung. 

• Memantin:
• empfohlen bei mittel- bis schwergradiger Alzheimer-Demenz.

• AChE-I & Memantin Kombination:
• nicht empfohlen.



Acetylcholinesterase-Inhibitoren & Memantin

Lee et al. JAMA Netw Open. 2024 Nov 4;7(11):e2445878

Death and Potentially Treatment-Related Adverse Events
In the propensity score-matched population, the mortality rate was similar between the treatment
groups (discontinuers vs continuers: 10.4 vs 11.6 per 100 person-years; HR, 0.89 [95% CI, 0.72 to
1.10]) (Table 3). Compared with beneficiaries who continued cholinesterase inhibitors, those who
discontinued had a lower rate of fall-related injury (0.9 vs 2.0 per 100 person-years; HR, 0.47 [95%
CI, 0.25 to 0.88]). Atrioventricular block, bradycardia, and syncope were rare events in this
population.

Sensitivity Analyses
The results remained consistent with the primary analysis when we used the 30-day exposure-
defining period, an alternative definition of long-term care institutionalization, a composite of long-
term care institutionalization or death, an as-treated analysis, and the Bynum algorithm for
identifying dementia. These data can be found in eTable 3 in Supplement 1.

Discussion
In Medicare beneficiaries with AD or related dementias who initiated memantine, we found no
clinically significant difference in the long-term care institutionalization-free days between
beneficiaries who discontinued cholinesterase inhibitors and those who continued them. The rate of
fall-related injury was lower in those who discontinued cholinesterase inhibitors. Our results
supported the consideration of deprescribing cholinesterase inhibitors when memantine was
initiated, thereby reducing the treatment burden and possibly adverse events associated with
treatment.

A few studies have examined whether cholinesterase inhibitors and memantine can delay long-
term care institutionalization. In a randomized clinical trial33 of 565 patients with mild-to-moderate
AD, donepezil did not delay long-term care institutionalization over 2 years. In a randomized clinical
trial34 of 295 patients with moderate-to-severe AD who were receiving a stable cholinesterase
inhibitor therapy, discontinuation of donepezil was not associated with a difference in long-term care
institutionalization at 3 years. These trials, which were conducted in the UK, may not be generalizable
to the US Medicare beneficiaries due to the differences in health care systems and practices affecting
long-term care institutionalization. In the US, an observational study9 using Medicare fee-for-
service claims from 73 475 beneficiaries who were newly diagnosed with AD found no difference in
skilled nursing facility admissions among cholinesterase inhibitor initiators, memantine initiators, and
combination therapy initiators. However, the authors neither distinguished between long-term care
institutionalization and short-term skilled nursing facility stays, nor did they consider the different
stages of dementia in which these treatments are prescribed.

Figure 2. Kaplan-Meier Curves for Long-Term Care Institutionalization Among Medicare Beneficiaries
With Dementia Who Discontinued or Continued Cholinesterase Inhibitors Upon Initiating Memantine
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significance of the results.25-29 In our primary analysis, the mean difference of 1.5 (95% CI, −0.5 to
3.6) days showed that the discontinuation was associated with a delay in long-term care
institutionalization, on average, by 1.5 days over 1 year compared with the continuation strategy. The
mean difference could range from 0.5 days (in favor of continuation) to 3.6 days (in favor of
discontinuation). In our study, long-term care institutionalization occurred in low frequency within 1
year. Therefore, our results could not assess longer term benefits and harms of cholinesterase
inhibitor discontinuation beyond 1 year. The modest mean difference in RMST in the subgroup aged
80 years or older (4.1 [95% CI, 0.9 to 7.3] days) and the nonfrail subgroup (3.8 [95% CI, 1.3 to 6.3]
days) suggested that a clinically meaningful delay in long-term care institutionalization is unlikely.

With regards to adverse events, we observed little difference in mortality between the
treatment strategies, similar to the findings of the Donepezil and Memantine in Moderate to Severe
Alzheimer Disease trial.34 Although the lower rate of fall-related injury among those who
discontinued cholinesterase inhibitors was not statistically significant in our study, our finding aligned
with previous research that reported a reduction in falls and fractures associated with cholinesterase
inhibitor discontinuation in nursing home residents with severe dementia.37 Furthermore, while
several studies found increased risks of bradycardia and syncope associated with the initiation of
cholinesterase inhibitors,9-11 such events were rare in our study population, which consisted of
patients who had previously tolerated cholinesterase inhibitors before starting memantine.

Limitations
The findings of our study should be interpreted with consideration of the limitations associated with
the use of Medicare claims, which were not generated for research purposes. These limitations
include measurement errors, misclassification of drug exposure and outcomes, and confounding.
Measurements of dementia type, time since diagnosis, and stage of dementia from claims data may
be inaccurate. Particularly, we were unable to determine whether cholinesterase inhibitors were
discontinued due to lack of efficacy, patient or caregiver preference, or adverse effects. The decision
and timing of long-term care institutionalization are affected by several factors that are unmeasured
in our data, such as the severity of cognitive impairment, functional impairment, behavioral
symptoms, caregiver burnout, social support, and financial status. Lack of clinical and contextual
details may lead to residual and unmeasured confounding. In addition, adverse events might have
been undercoded in claims data, resulting in low incidence rates. Our study was not adequately
powered to detect clinically meaningful differences in death, atrioventricular block, bradycardia, and
syncope. Lastly, our results may not generalize to patients who are not enrolled in Medicare fee-for-
service plan or those who initiate memantine without concurrent cholinesterase inhibitor therapy.
Since our follow-up was 1 year, we were unable to assess the longer-term benefits and harms of
cholinesterase inhibitor discontinuation. For certain individuals, pharmacological therapy may help
ameliorate disturbing behavioral symptoms, thereby allowing them stay home longer. Our analyses
could not find any evidence for the heterogeneity of treatment effect by the subgroups examined.

Table 3. Mortality and Adverse Events Among Medicare Beneficiaries With Dementia Who Discontinued
or Continued Cholinesterase Inhibitors Upon Initiating Memantine

Treatment strategy Events, No.
Follow-up,
person-years

Incidence rate, events
per 100 person-years HR (95% CI)

Mortality

Discontinuers 159 1531.5 10.4 0.89 (0.72-1.10)

Continuers 179 1538.0 11.6 1 [Reference]

Fall-related injury

Discontinuers 14 1522.8 0.9 0.47 (0.25-0.88)a

Continuers 30 1523.0 2.0 1 [Reference]

AV block, bradycardia, or syncope

Discontinuers NRb 1529.8 NRb 0.88 (0.32-2.43)a

Continuers NRb 1533.8 NRb 1 [Reference]

Abbreviations: AV, atrioventricular; HR, hazard ratio;
NR, not reported.
a Subdistribution hazard ratios were estimated from

Fine and Grey competing risk model.
b The cell size less than 11 events is suppressed in

compliance to the Centers for Medicare & Medicaid
Services policy.
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Amyloid-beta

Hampel et al. Mol Psychiatry. 2021 Oct;26(10):5481-5503

• Aβ wird in Form löslicher Monomere 
aus APP erzeugt.

• Aus Aβ Monomeren können 
sukzessive intermediäre 
Aggregationszustände entstehen: 

• lösliche Dimere
• lösliche Oligomere

• Trimere, ..., Dodecamere
• lösliche Protofibrillen
• Fibrillen
• Plaques

Die verschiedenen Aβ Spezies befinden sich in 
einem steady-state, in dem eine Form bidirektional 

in eine andere umgewandelt werden kann.



Aβ-Antikörper

Pawlowski et al. Inn Med. 2022 Sep;63(9):1000-1008.

Arzneimitteltherapie

Tab. 1 Eigenschaften der Anti-Amyloid-β-Antikörper
Antikörper Ak-Spezies Isotyp Aβ-Epitop Aβ-Typ ARIA-E (%) Apl Sponsor
Aducanumab Human IgG1 Aβ1–42 3–7 M<O, F 35 i.v. Fa. Biogen

Donanemab Humanisiert IgG1 AβpE3–42 3–7 F 27 i.v. Fa. Lilly

Gantenerumab Human IgG1 Aβ1–42 1–10/19–26 M<O< F 29 s.c. Fa. Roche

Lecanemab Humanisiert IgG1 Aβ1–42 1–16 M<O> F 10 i.v. Fa. Eisai
Ak Antikörper, Aβ Amyloid-β, Apl. Applikationsart, ARIA „amyloid-related imaging abnormalities“ in Form von vasogenen Ödemen,MMonomer, O Oligo-
mer/Protofibrille (löslich), F Fibrille/Plaque (unlöslich)

per-Studien bestand im Wechsel von Do-
nanemab zu Placebo bei nachgewiesener
Reduktion der zerebralen Amyloidlast un-
terhalb der Nachweisschwelle imAmyloid-
PET nach 24- oder 56-wöchiger Behand-
lungsdauer. Dies traf auf jeweils etwa 27%
resp. 55% der mit Donanemab behan-
delten Patienten zu [21]. Insgesamt sank
die im Amyloid-PET gemessene zerebrale
Amyloidlast nach 24 Wochen Behandlung
um 68%, nach 72 Wochen um 85% im
Vergleich zur Baseline bei Studienbeginn
[21]. Bei 27% der mit Donanemab behan-
delten Teilnehmer traten Amyloid-related
imaging abnormalities in Form von va-
sogenen Ödemen (ARIA-E) auf. Bei über
90% der Teilnehmer waren Anti-Donane-
mab-Antikörper nachweisbar [21]. Der pri-
märe Endpunkt wurde mit Nachweis einer
um 32% geringeren Verschlechterung auf
der Integrated Alzheimer’s Disease Rat-
ing Scale (iADRS) im Vergleich zu Place-
bo nach 18 Monaten erreicht [21]. Ins-
gesamt 4 Phase-3-Studien wurden bereits
initiiert oder befinden sich derzeit in Pla-
nung (TRAILBLAZER-ALZ2-5).

Lecanemab

Lecanemab ist ein humanisierter, mono-
klonaler IgG1-Antikörper gegen ein N-ter-
minales Epitop von Amyloid βmit relativer
Bindungspräferenz für lösliche Protofibril-
len im Vergleich zu unlöslichen Fibrillen
und anderen Amyloid-β-Spezies [20].

In der Phase-2-Studie wurden insge-
samt 6 Studiengruppen untersucht und
miteinander verglichen: Placebo (n= 245)
und 5 verschiedene Dosierungen bzw. Do-
sierungsregimes Lecanemab (n= 609) für
18 Monate [31].

Es zeigte sich eine dosisabhängige und
in allen Studiengruppen hochsignifikante
Reduktion der zerebralen Amyloidlast im
VergleichzuPlacebobzw. zurBaseline [31].
Nach18MonatenBehandlungwaren inder

Gruppe mit der höchsten Dosis (Lecane-
mab 10mg/kgKG 2-wöchentlich) gemäß
qualitativer (visueller) Auswertung etwa
80% der Patienten amyloidnegativ [31].
Die klinischen Endpunkte zeigten einen
positiven Effekt zugunsten einer Behand-
lung mit Lecanemab: In der Hochdosis-
gruppe zeigte sich nach 18 Monaten ei-
ne um 30%, 26% bzw. 46% geringere
Verschlechterung des Alzheimer Compos-
ite Score (ADCOMS), des CDR-SB bzw. des
ADAS-Cog14 im Vergleich zu Placebo [31].
Nichtsdestotrotz wurde der primäre End-
punkt, eine um25%geringere Verschlech-
terung des ADCOMS mit 80%iger Wahr-
scheinlichkeit in der Bayes-Analyse nach
12Monaten,mit nur 64%igerWahrschein-
lichkeit verfehlt [31]. Liquorbiomarker un-
terstützten einen Behandlungseffekt [31].
Lecanemab wurde gut vertragen; bei rund
10% der mit der höchsten Dosis behan-
delten Patienten traten ARIA-E auf [31].

» Nach 18 Monaten waren ca.
80% der Patienten der Gruppe
mit der höchsten Lecanemabdosis
amyloidnegativ

Zwei Phase-3-Studien (Clarity-AD &
AHEAD3-45) werden derzeit durchgeführt
bzw. sind geplant.

Gantenerumab

Gantenerumab ist ein humaner IgG1-Anti-
körper gegen 2 diskontinuierliche Epitope
am N-Terminus bzw. in der mittleren Re-
gion von Amyloid β. Eine Besonderheit
ist die s.c.-Injektion, die im klinischen All-
tag einen Vorteil gegenüber den i.v.-Infu-
sionen in Infusionsambulanzen darstellen
könnte.

Das klinische Studienprogramm ist
mit aktuell 16 gelisteten National-Clin-
ical-Trial(NCT)-Studien im Vergleich zu
den anderen hier besprochenen Anti-

körpern sehr umfangreich. Es existieren
bereits 2 abgeschlossene Phase-3-Studi-
en: In „SCarlet RoAD“ wurden insgesamt
799 Personen mit prodromaler Alzheimer-
Demenz in 3 Studiengruppen randomi-
siert und erhielten einmal pro Monat eine
s.c.-Injektion von Placebo oder niedrig
dosiertem Gantenerumab (105mg oder
225mg). Aufgrund der Ergebnisse einer
vorab geplanten Interimsanalyse wur-
de die Studie vorzeitig beendet. Weder
der primäre Endpunkt (CDR-SB) noch die
sekundären klinischen Endpunkte wur-
den erreicht. Post-hoc-Analysen zeigten
jedoch einen nichtsignifikanten dosisab-
hängigen positiven Effekt nicht nur auf
Biomarker, sondernauchauf die klinischen
Endpunkte [22].

» Gantenerumab steht speziell für
die s.c.-Injektion zur Verfügung

In „Marguerite RoAD“ wurden insgesamt
389 Patienten mit leichtgradiger Alzhei-
mer-Demenz auf Placebo oder niedrig do-
siertes Gantenerumab randomisiert, be-
vor die Rekrutierung auch dieser Studie
aufgrund der Interimsanalyse von SCar-
let RoAD beendet wurde. Beide Studien
wurden in eine offene Extensionsstudie
umgewandelt, in der die Teilnehmer auf
eine deutlich höhere Dosis Gantenerumab
(1200mg) eingestellt wurden. Die zerebra-
le im PET gemessene Amyloidlast sank in
der 2-jährigen Extensionsphase um 59%,
was einer 3,5-fachen Reduktion der Amy-
loidlast im Vergleich zur vorangegange-
nen niedrig dosierten verblindeten Studie
entsprach. Zum Abschluss der Extensions-
phase wurden 51% der behandelten Pati-
enten als amyloidnegativ eingestuft [17].
Der Effekt nahm nach 3-jähriger Hochdo-
sistherapie während der Extensionsstudie
auch unterhalb der visuellen Nachweis-
schwelle weiter zu [16]. Speziell bei den
Teilnehmern der ursprünglichen Placebo-
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Tab. 1 Eigenschaften der Anti-Amyloid-β-Antikörper
Antikörper Ak-Spezies Isotyp Aβ-Epitop Aβ-Typ ARIA-E (%) Apl Sponsor
Aducanumab Human IgG1 Aβ1–42 3–7 M<O, F 35 i.v. Fa. Biogen

Donanemab Humanisiert IgG1 AβpE3–42 3–7 F 27 i.v. Fa. Lilly

Gantenerumab Human IgG1 Aβ1–42 1–10/19–26 M<O< F 29 s.c. Fa. Roche

Lecanemab Humanisiert IgG1 Aβ1–42 1–16 M<O> F 10 i.v. Fa. Eisai
Ak Antikörper, Aβ Amyloid-β, Apl. Applikationsart, ARIA „amyloid-related imaging abnormalities“ in Form von vasogenen Ödemen,MMonomer, O Oligo-
mer/Protofibrille (löslich), F Fibrille/Plaque (unlöslich)

per-Studien bestand im Wechsel von Do-
nanemab zu Placebo bei nachgewiesener
Reduktion der zerebralen Amyloidlast un-
terhalb der Nachweisschwelle imAmyloid-
PET nach 24- oder 56-wöchiger Behand-
lungsdauer. Dies traf auf jeweils etwa 27%
resp. 55% der mit Donanemab behan-
delten Patienten zu [21]. Insgesamt sank
die im Amyloid-PET gemessene zerebrale
Amyloidlast nach 24 Wochen Behandlung
um 68%, nach 72 Wochen um 85% im
Vergleich zur Baseline bei Studienbeginn
[21]. Bei 27% der mit Donanemab behan-
delten Teilnehmer traten Amyloid-related
imaging abnormalities in Form von va-
sogenen Ödemen (ARIA-E) auf. Bei über
90% der Teilnehmer waren Anti-Donane-
mab-Antikörper nachweisbar [21]. Der pri-
märe Endpunkt wurde mit Nachweis einer
um 32% geringeren Verschlechterung auf
der Integrated Alzheimer’s Disease Rat-
ing Scale (iADRS) im Vergleich zu Place-
bo nach 18 Monaten erreicht [21]. Ins-
gesamt 4 Phase-3-Studien wurden bereits
initiiert oder befinden sich derzeit in Pla-
nung (TRAILBLAZER-ALZ2-5).

Lecanemab

Lecanemab ist ein humanisierter, mono-
klonaler IgG1-Antikörper gegen ein N-ter-
minales Epitop von Amyloid βmit relativer
Bindungspräferenz für lösliche Protofibril-
len im Vergleich zu unlöslichen Fibrillen
und anderen Amyloid-β-Spezies [20].

In der Phase-2-Studie wurden insge-
samt 6 Studiengruppen untersucht und
miteinander verglichen: Placebo (n= 245)
und 5 verschiedene Dosierungen bzw. Do-
sierungsregimes Lecanemab (n= 609) für
18 Monate [31].

Es zeigte sich eine dosisabhängige und
in allen Studiengruppen hochsignifikante
Reduktion der zerebralen Amyloidlast im
VergleichzuPlacebobzw. zurBaseline [31].
Nach18MonatenBehandlungwaren inder

Gruppe mit der höchsten Dosis (Lecane-
mab 10mg/kgKG 2-wöchentlich) gemäß
qualitativer (visueller) Auswertung etwa
80% der Patienten amyloidnegativ [31].
Die klinischen Endpunkte zeigten einen
positiven Effekt zugunsten einer Behand-
lung mit Lecanemab: In der Hochdosis-
gruppe zeigte sich nach 18 Monaten ei-
ne um 30%, 26% bzw. 46% geringere
Verschlechterung des Alzheimer Compos-
ite Score (ADCOMS), des CDR-SB bzw. des
ADAS-Cog14 im Vergleich zu Placebo [31].
Nichtsdestotrotz wurde der primäre End-
punkt, eine um25%geringere Verschlech-
terung des ADCOMS mit 80%iger Wahr-
scheinlichkeit in der Bayes-Analyse nach
12Monaten,mit nur 64%igerWahrschein-
lichkeit verfehlt [31]. Liquorbiomarker un-
terstützten einen Behandlungseffekt [31].
Lecanemab wurde gut vertragen; bei rund
10% der mit der höchsten Dosis behan-
delten Patienten traten ARIA-E auf [31].

» Nach 18 Monaten waren ca.
80% der Patienten der Gruppe
mit der höchsten Lecanemabdosis
amyloidnegativ

Zwei Phase-3-Studien (Clarity-AD &
AHEAD3-45) werden derzeit durchgeführt
bzw. sind geplant.

Gantenerumab

Gantenerumab ist ein humaner IgG1-Anti-
körper gegen 2 diskontinuierliche Epitope
am N-Terminus bzw. in der mittleren Re-
gion von Amyloid β. Eine Besonderheit
ist die s.c.-Injektion, die im klinischen All-
tag einen Vorteil gegenüber den i.v.-Infu-
sionen in Infusionsambulanzen darstellen
könnte.

Das klinische Studienprogramm ist
mit aktuell 16 gelisteten National-Clin-
ical-Trial(NCT)-Studien im Vergleich zu
den anderen hier besprochenen Anti-

körpern sehr umfangreich. Es existieren
bereits 2 abgeschlossene Phase-3-Studi-
en: In „SCarlet RoAD“ wurden insgesamt
799 Personen mit prodromaler Alzheimer-
Demenz in 3 Studiengruppen randomi-
siert und erhielten einmal pro Monat eine
s.c.-Injektion von Placebo oder niedrig
dosiertem Gantenerumab (105mg oder
225mg). Aufgrund der Ergebnisse einer
vorab geplanten Interimsanalyse wur-
de die Studie vorzeitig beendet. Weder
der primäre Endpunkt (CDR-SB) noch die
sekundären klinischen Endpunkte wur-
den erreicht. Post-hoc-Analysen zeigten
jedoch einen nichtsignifikanten dosisab-
hängigen positiven Effekt nicht nur auf
Biomarker, sondernauchauf die klinischen
Endpunkte [22].

» Gantenerumab steht speziell für
die s.c.-Injektion zur Verfügung

In „Marguerite RoAD“ wurden insgesamt
389 Patienten mit leichtgradiger Alzhei-
mer-Demenz auf Placebo oder niedrig do-
siertes Gantenerumab randomisiert, be-
vor die Rekrutierung auch dieser Studie
aufgrund der Interimsanalyse von SCar-
let RoAD beendet wurde. Beide Studien
wurden in eine offene Extensionsstudie
umgewandelt, in der die Teilnehmer auf
eine deutlich höhere Dosis Gantenerumab
(1200mg) eingestellt wurden. Die zerebra-
le im PET gemessene Amyloidlast sank in
der 2-jährigen Extensionsphase um 59%,
was einer 3,5-fachen Reduktion der Amy-
loidlast im Vergleich zur vorangegange-
nen niedrig dosierten verblindeten Studie
entsprach. Zum Abschluss der Extensions-
phase wurden 51% der behandelten Pati-
enten als amyloidnegativ eingestuft [17].
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Δ = -55 CL (Lecanemab)

Δ = +4 CL (Placebo)

Amyloid-PET
(florbetaben, florbetapir, flutemetamol)

N = 1795

Baseline Mean:
77 CL
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27% geringere CDR-SB Verschlechterung
(Δ = -0.45; p=0.00005)

Baseline Mean:
CDR-SB: 3.2

+1.21

+1.66

CDR-SB
(Clinical Dementia Rating – Sum of Boxes)
Range: 0-18 [higher scores = greater deficit]



Lecanemab | CLARITY-AD (Phase 3) | Sicherheit – ARIA-E

van Dyck et al. N Engl J Med. 2023 Jan 5;388(1):9-21.

Gruppe ARIA-E Symptomatisch
in Gesamtpopulation

Symptomatisch
in ARIA-Fällen

Placebo 1.7 % 0 % 0 %

Lecanemab 12.6 % 2.8 % 22 %

APOE4 non-carrier 5.4 %

APOE4 heterozygot 10.9 %

APOE4 homozygot 32.6 %



Donanemab | TRAILBLAZER-ALZ2 (Phase 3) | Amyloid-PET

Sims et al. JAMA. 2023 Aug 8;330(6):512-527.

N = 1736

Figure 3. Brain Amyloid, Plasma Phosphorylated Tau 217 (P-tau217), and Hazard Ratios for Risk of Disease Progression
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Biomarker data shown were analyzed using mixed models for repeated
measures (MMRM). For MMRM analyses, 95% CIs for the least-squares mean
changes were calculated with the normal approximation method. P < .001 for
all time points in panels A-D. B, P value is from Fisher exact test comparing the
percent amyloid negative by treatment groups at each visit. E and F, The
analysis was conducted using a Cox proportional hazards model. There were

163 events among 573 participants in the placebo group and 100 events among
555 participants in the donanemab group in the low/medium tau population
and 288 events among 844 participants in the placebo group and 186 events
among 805 participants in the donanemab group in the combined population.
CDR-G indicates Clinical Dementia Rating Global Score.
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Sims et al. JAMA. 2023 Aug 8;330(6):512-527.

N = 1736

CDR-SB
(Clinical Dementia Rating – Sum of Boxes)
Range: 0-18 [higher scores = greater deficit]

Baseline Mean:
CDR-SB: 3.7 36% geringere CDR-SB Verschlechterung

ΔLSM = −0.67 [95% CI, −0.95 to −0.40] p<0.001

Low/Medium Tau Population

+1.20

+1.88
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Gruppe ARIA-E Symptomatisch
in Gesamtpopulation

Symptomatisch
in ARIA-Fällen

Placebo 1.9 % 0.1 % 0 %

Donanemab 24.0 % 6.1 % 25 %

APOE4 non-carrier 15.7 %

APOE4 heterozygot 22.8 %

APOE4 homozygot 40.6 %

Sims et al. JAMA. 2023 Aug 8;330(6):512-527.



Lecanemab | praktisches Vorgehen

1. S3 – Leitlinie | Demenzen (Stand: 28.11.2023)

2. Appropriate Use Recommendations (AUR) | Lecanemab
• „fill the gap between guidelines and prescribing information“
• USA: Cummings et al. J Prev Alzheimers Dis. 2023;10(3):362-377
• EU/Deutschland: in Arbeit; erwartet im Laufe Q1/2024

3. Fachinformation | Lecanemab
• USA
• EU/Deutschland: in Arbeit; erwartet im Laufe Q1/2024
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Behavioral-dysexekutive
(frontal) Logopenische PPA

(temporoparietal)

Posteriore Corticale Atrophie
(occipital)

Amnestisches Syndrom
(Hippocampus-Typ) Weitere klinische Varianten, die in Einzelfällen

auch durch eine Alzheimer-Pathologie verursacht 
werden:
• Nicht-flüssige PPA
• Semantische PPA
• Corticobasales Syndrom



Alzheimer-Krankheit | Klinischer Schweregrad

Normal SCI MCI Leichte
Demenz

Mittelschwere
Demenz

Schwere
Demenz

1 2 3 4 5 6

Keine kognitiven 
Defizite (weder 
subjektiv noch 
objektiv)

Subjektive 
kognitive Defizite 

Sorge vor einer 
Demenzerkrankung

Defizite nicht 
objektivierbar

Subjektive und 
objektivierbare 
kognitive Defizite

ADL nicht 
wesentlich 
eingeschränkt 

Hilfe bei komplexen 
alltagsrelevanten 
Aktivitäten 
erforderlich

MMSE: 20-26/30

Hilfe bei 
alltagsrelevanten 
Aktivitäten 
erforderlich

MMSE: 10-19/30

Dauerhafte Hilfe 
und Betreuung 
notwendig

MMSE: 0-9/30

bisher keine Daten
unklares Risiko/Nutzen-Verhältnis

In label
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TABLE 2 Intended uses for imaging, CSF, and plasma biomarker assays.

Intended use CSF Plasma Imaging

Diagnosis

A: (Aβ proteinopathy) — — Amyloid PET

T1: (phosphorylated and
secreted AD tau)

— p-tau217 —

Hybrid ratios p-tau181/Aβ42, t-tau/Aβ42, Aβ42/40 %p-tau217 —

Staging, prognosis, as an indicator of biological treatment effect

A: (Aβ proteinopathy) — — Amyloid PET

T1: (phosphorylated and
secreted AD tau)

— p-tau217 —

Hybrid ratios p-tau181/Aβ42, t-tau/Aβ42, Aβ42/40 %p-tau217 —

T2: (AD tau proteinopathy) MTBR-tau243, other p-tau forms (e.g.,
p-tau205), non-phosphorylated
mid-region tau fragments

MTBR-tau243, other
p-tau forms (e.g.,
p-tau205)

Tau PET

N (injury, dysfunction, or
degeneration of neuropil)

NfL NfL AnatomicMRI,
FDG PET

I (inflammation) Astrocytic
activation

GFAP GFAP —

Identification of copathology

N (injury, dysfunction, or
degeneration of neuropil)

NfL NfL AnatomicMRI,
FDG PET

V vascular brain injury — — Infarction onMRI
or CT,WMH

S α-synuclein αSyn-SAA —

Notes: Table 2 lists assays while Table 1 lists analytes; therefore, plasma and CSF are listed separately in Table 2 but listed together in Table 1. The focus in
this table is on plasma p-tau217 and not p-tau231, p-tau181, or Aβ42/40 because p-tau217 typically outperforms these other plasma assays in head-to-
head comparisons. %p-tau is the ratio p-tau217/non-phosphorylated-tau217. Combinations of Core 1 biomarkers may also be used for diagnosis. P-tau205,
MTBR-tau243, and non-phosphorylated tau fragments have not undergone the same level of validation testing as has tau PET; however, they are included to
support a “conceptual” staging scheme outlined in Table 5.
Abbreviations: Aβ, amyloid beta; AD, Alzheimer’s disease; αSyn-SAA, alpha-synuclein seed amplification assay; CSF, cerebrospinal fluid; CT, computed
tomography; FDG, fluorodeoxyglucose; GFAP, glial fibrillary acidic protein; MRI, magnetic resonance imaging; MTBR, microtubule-binding region; NfL,
neurofilament light chain; PET, positron emission tomography; p-tau, phosphorylated tau;WMH, whitematter hyperintensity.

3 DIAGNOSIS

In this updatewepropose that abnormality on specific Core 1biomark-

ers is sufficient to diagnose AD (Table 2). Specifically, we propose that

the following can be diagnostic of AD: amyloid PET; CSF Aβ 42/40, CSF
p-tau 181/Aβ 42, CSF t-tau/Aβ 42; or “accurate” plasma assays where

“accurate” can be defined as accuracy that is equivalent to approved

CSF assays in detecting abnormal amyloid PET in the intended-use

population (Box 2). This definition is consistent with recent recom-

mendations on minimum acceptable performance criteria for BBM.34

Combinations of Core 1 biomarkers may also be used as diagnostic

tests.

Core 2 biomarkers have many uses (Table 2, Box 2) but most often

would not be used as standalone diagnostic tests for AD. Caution

should be used in interpreting an abnormal Core 2 result in the pres-

ence of a normal Core 1 result, because, as discussed in Section 4.3,

abnormal amyloid PET (or a biofluid surrogate) is nearly always a

prerequisite for neocortical AD tauopathy.35 The A−T2+ biomarker

profile36 is not consistent with a diagnosis of AD.37 First, this com-

bination is rare.38–40 Second, when it does occur, it is often due to

quantitative values close to cutpoints that may fall on one side ver-

sus the other owing to measurement variation.41 As discussed later,

biomarkershave sensitivity limits andanormalAbiomarker result does

not mean that the brain is devoid of plaques, but rather that if plaques

are present, the burden does not rise to the detection threshold. Third,

from a neuropathologic perspective, A−T2+ corresponds to primary

age-related tauopathy, which is not considered to represent AD.5,42

3.1 Rationale for diagnosis of AD by Core 1
biomarkers

Natural history studies show that biomarkers in the Core 1 category

becomeabnormalwell before symptomsarise (Figure 1).43–49,50,51 Our

rationale for diagnosingADby thepresenceof specificCore1biomark-

ers (Table2) is that biomarkers that coincidewith theonset of abnormal
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Infusion 
Nr. 1

(01.01.)

cMRT 2

Infusion 
Nr. 5

(26.02.)

cMRT 3

Infusion 
Nr. 7

(25.03.)

cMRT 4

Infusion 
Nr. 14

(01.07.)

cMRT 5

Infusion 
Nr. 26

(16.12.)

cMRT 1

innerhalb 1 Jahr
vor Therapiebeginn

besser: innerhalb 6 Monate
[baseline]

cMRT | ARIA monitoring (min.):
• DWI
• T2* GRE ± SWI [ARIA-H]
• 2D od. 3D FLAIR [ARIA-E]

(optional)
bei Patienten mit ARIA

cMRT | baseline MRT (min.):
• DWI
• T2* GRE ± SWI
• 2D od. 3D FLAIR
• T1
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2  

amyloid immunotherapies8,11,18. The second major risk factor for ARIA is drug dose. Finally, risk of ARIA is associated with treatment 
duration. Patients are at greatest risk of developing ARIA during the first few months of treatment, when vessel wall amyloid is being 
mobilized13.  For these reasons, gradually increasing dose to reach a therapeutic dose level has been proposed to reduce ARIA incidence. 
Multiple non-contrast brain MRI scans are recommended to monitor for ARIA, especially during treatment initiation. 

The United States FDA has adopted a standard radiographic classification for ARIA (Figure 1), following the classification systems 
used in clinical trials for anti-amyloid immunotherapies. The Alzheimer’s Disease and Related Disorders Therapeutic Workgroup 
[American Neurological Association (ANA)] has published a white paper recommending that anti-amyloid immunotherapy be paused for 
moderate ARIA-E or ARIA-H (even if asymptomatic) and discontinued for severe ARIA19,20. Given these serious patient care implications, 
the potentially numerous MR imaging sessions needed, and the prevalence of patients with AD who may be treated, it is important for 
radiology practices to be prepared to perform, interpret, and communicate findings of these MRI exams reliably, meaningfully, and in a 
timely manner.   

With ongoing studies and approvals, AD therapeutics are becoming widely available in the community. As radiology practices prepare 
to provide care for these patients, many are seeking additional resources and guidance to optimize imaging protocols and workflows and 
to feasibly translate experience from clinical trials into clinical practice. This white paper builds upon our prior paper, “Amyloid-Related 

 

FIG 1. ARIA radiographic severity score. Each ARIA-E, ARIA-H microhemorrhages, and ARIAI-H superficial siderosis is graded 
separately based on treatment emergent imaging findings. Any new, transient edema/sulcal effusion and new 
microhemorrhages or siderosis that occur while on treatment constitute ARIA. For ARIA-E, the size indicates greatest extent 
of contiguous signal abnormality/gyral swelling measured in any dimension. ARIA-E: mild, new post-dosing right occipital 
parenchymal edema measuring < 5 cm; moderate, new edema in the bilateral occipital white matter is moderate ARIA-E 
based on two regions of involvement; severe, new edema involving the right temporal and occipital lobes measuring > 10 
cm in greatest dimension. ARIA-H microhemorrhages: mild, one right occipital treatment emergent microhemorrhage; 
moderate, six scattered treatment emergent microhemorrhages, and severe, > 10 treatment emergent microhemorrhages 
clustered in the left occipital lobe. ARIA-H superficial siderosis: mild, one right frontal region of treatment emergent 
siderosis; moderate, two regions of siderosis, right frontal and left central sulcus; severe, three regions of siderosis, bilateral 
frontal and left parietal. Images courtesy of DIAN and Biogen. 
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Apolipoprotein E (APOE)-Isoformen

Belloy et al. Neuron. 2019 Mar 6;101(5):820-838. 

and an arginine at position 158. APOE2, the least common iso-
form, has a cysteine at both positions, and APOE4 has an argi-
nine at both positions. These amino acid substitutions have
been shown to drive a domain interaction in the protein such
that the N-terminal and C-terminal domains, which are normally
separated in APOE2 and APOE3, are joined by a salt bridge in
APOE4 (Figure 1B).
The diligent reader will, in looking carefully at Figure 1A,

wonder why there is not a genotype corresponding to an arginine
at 112 and a cysteine at 158. It seems that the rs429358 and
rs7412 SNPs are in almost perfect linkage equilibrium (The
1000 Genomes Project Consortium, 2015), so that the combina-
tion of an arginine at position 112 and a cysteine at position 158
is extremely rare and defines the APOE1 (also called APOE3r)
isoform (Seripa et al., 2007). Only four subjects carrying the
APOE1 variant have been reported in the literature: one healthy
70-year-old African Yoruba and three Italians (a 76-year-old
with motor neuron disease and, from a separate family, a healthy
mother and her autistic son) (Murrell et al., 2006; Persico et al.,
2004; Seripa et al., 2007). The frequency (and potential clinical
relevance) of this rare APOE1 variant on human diseases may
have been underestimated, since it cannot be genotyped by
standard sequencing or SNP-arrays but requires restriction-
fragment length polymorphism (RFLP)-PCR.
These critical genetic and structural protein insights were

already well established when the link between APOE4 and AD
risk was made by Allen Roses and colleagues at Duke University
in a pair of landmark studies published in 1993 (Corder et al.,
1993; Strittmatter et al., 1993). The next year the same group
demonstrated that the APOE2 allele was protective against AD
(Corder et al., 1994). In the ensuing quarter century, roughly
ten thousand papers have been published pertaining to some
aspect of the relationship between AD andAPOE. Several critical
findings have been replicated and are now essentially indisput-
able. The risk of AD increases and the age at onset decreases
with the number of APOE4 alleles (Corder et al., 1993; Farrer

et al., 1997). The increase in risk varies substantially, as we will
consider later, depending on ancestral background and sex,
but as a rough estimate, having a single APOE4 allele increases
risk 2- to 4-fold and having two APOE4 alleles increases risk
about 8- to 12-fold (Farrer et al., 1997). The APOE4 allele also
drives the age at onset down such that APOE4 carriers are, on
average, about 12 years younger than non-carriers (Corder
et al., 1993; Roses, 1996). The risk of AD decreases and the
age at onset increases with the number of APOE2 alleles (Chart-
ier-Harlin et al., 1994; Corder et al., 1994; Farrer et al., 1997).
These associations of APOE alleles with age at onset have also
been reported for early-onset AD due tomutations in the amyloid
precursor protein (APP) and presenilin (PSEN) genes, although
the size of the APOE effect tends to be diminished some on
this autosomal dominant background (van Duijn et al., 1994;
Sorbi et al., 1995; Vélez et al., 2016;Wijsman et al., 2005). Similar
observations have been made in subjects with Down syndrome
(OMIM#190685), who, due to trisomy of chromosome 21, carry
three copies of APP and develop early-onset AD pathology
(Coppus et al., 2008; Royston et al., 1996).
Before leaving the relative safety of solid findings about

APOE4 and AD for shakier ground, it is worth making the point
that the association between APOE4 and AD is highly likely to
be due to the APOE4 variant itself. This is never a foregone
conclusion in genetic association studies. Many common
SNPs that are associated with a given disease are merely
markers that indicate that the actual, causal genetic change is
nearby (and in linkage disequilibrium [LD] with the common
SNP). This has been a particularly controversial issue in the
APOE literature because the senior author from the landmark
1993 APOE studies made a case that APOE4’s link to AD was
actually mediated by a causal variation in a nearby gene called
TOMM40 (Roses et al., 2010). Roses and colleagues developed
this hypothesis across a series of papers (Roses et al., 2016,
2014; Zeitlow et al., 2017), but two, much larger studies by inde-
pendent groups failed to replicate the main finding (Cruchaga

Figure 1. APOE Isoforms, Allele
Frequencies, and Protein Structures
(A) The three main APOE isoforms APOE2,
APOE3, and APOE4, respectively, encoded by the
Apolipoprotein E2, E3, and E4 alleles, are the
result of non-synonymous polymorphisms that
cause amino acid changes at position 112 and 158
of the APOE protein (Rall et al., 1982; Weisgraber
et al., 1981).APOE3 is the most common variant in
the general population. The APOE4 variant is a
major genetic risk factor for AD, while APOE2 is
protective (Farrer et al., 1997).
(B) Structural models of lipid-free APOE are shown
for each major isoform, based on X-ray crystal-
lography, structure prediction, and circular di-
chroism spectroscopy (Zhong and Weisgraber,
2009). The N-terminal domain contains APOE’s
low-density lipoprotein receptor (LDLR) region at
amino acid residues 134–150, while the C-terminal
holds the lipid-binding region at residues 244–272.
Amino acid substitutions in APOE4 promote a
salt bridge between Arg61 and Glu255, which,
compared to the APOE2 and APOE3 variants,

drives increased domain interaction between the N- and C-terminal domains. In (A), APOE allele frequencies are obtained, with permission, from American
Medical Associationª Farrer, L. et al. JAMA. 278, 1349–1356 (1997). (B) is a reprint, with permission, fromAnnual ReviewsªYu, J. et al. Annu. Rev. Neurosci. 37,
79–100 (2014).
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and an arginine at position 158. APOE2, the least common iso-
form, has a cysteine at both positions, and APOE4 has an argi-
nine at both positions. These amino acid substitutions have
been shown to drive a domain interaction in the protein such
that the N-terminal and C-terminal domains, which are normally
separated in APOE2 and APOE3, are joined by a salt bridge in
APOE4 (Figure 1B).
The diligent reader will, in looking carefully at Figure 1A,

wonder why there is not a genotype corresponding to an arginine
at 112 and a cysteine at 158. It seems that the rs429358 and
rs7412 SNPs are in almost perfect linkage equilibrium (The
1000 Genomes Project Consortium, 2015), so that the combina-
tion of an arginine at position 112 and a cysteine at position 158
is extremely rare and defines the APOE1 (also called APOE3r)
isoform (Seripa et al., 2007). Only four subjects carrying the
APOE1 variant have been reported in the literature: one healthy
70-year-old African Yoruba and three Italians (a 76-year-old
with motor neuron disease and, from a separate family, a healthy
mother and her autistic son) (Murrell et al., 2006; Persico et al.,
2004; Seripa et al., 2007). The frequency (and potential clinical
relevance) of this rare APOE1 variant on human diseases may
have been underestimated, since it cannot be genotyped by
standard sequencing or SNP-arrays but requires restriction-
fragment length polymorphism (RFLP)-PCR.
These critical genetic and structural protein insights were

already well established when the link between APOE4 and AD
risk was made by Allen Roses and colleagues at Duke University
in a pair of landmark studies published in 1993 (Corder et al.,
1993; Strittmatter et al., 1993). The next year the same group
demonstrated that the APOE2 allele was protective against AD
(Corder et al., 1994). In the ensuing quarter century, roughly
ten thousand papers have been published pertaining to some
aspect of the relationship between AD andAPOE. Several critical
findings have been replicated and are now essentially indisput-
able. The risk of AD increases and the age at onset decreases
with the number of APOE4 alleles (Corder et al., 1993; Farrer

et al., 1997). The increase in risk varies substantially, as we will
consider later, depending on ancestral background and sex,
but as a rough estimate, having a single APOE4 allele increases
risk 2- to 4-fold and having two APOE4 alleles increases risk
about 8- to 12-fold (Farrer et al., 1997). The APOE4 allele also
drives the age at onset down such that APOE4 carriers are, on
average, about 12 years younger than non-carriers (Corder
et al., 1993; Roses, 1996). The risk of AD decreases and the
age at onset increases with the number of APOE2 alleles (Chart-
ier-Harlin et al., 1994; Corder et al., 1994; Farrer et al., 1997).
These associations of APOE alleles with age at onset have also
been reported for early-onset AD due tomutations in the amyloid
precursor protein (APP) and presenilin (PSEN) genes, although
the size of the APOE effect tends to be diminished some on
this autosomal dominant background (van Duijn et al., 1994;
Sorbi et al., 1995; Vélez et al., 2016;Wijsman et al., 2005). Similar
observations have been made in subjects with Down syndrome
(OMIM#190685), who, due to trisomy of chromosome 21, carry
three copies of APP and develop early-onset AD pathology
(Coppus et al., 2008; Royston et al., 1996).
Before leaving the relative safety of solid findings about

APOE4 and AD for shakier ground, it is worth making the point
that the association between APOE4 and AD is highly likely to
be due to the APOE4 variant itself. This is never a foregone
conclusion in genetic association studies. Many common
SNPs that are associated with a given disease are merely
markers that indicate that the actual, causal genetic change is
nearby (and in linkage disequilibrium [LD] with the common
SNP). This has been a particularly controversial issue in the
APOE literature because the senior author from the landmark
1993 APOE studies made a case that APOE4’s link to AD was
actually mediated by a causal variation in a nearby gene called
TOMM40 (Roses et al., 2010). Roses and colleagues developed
this hypothesis across a series of papers (Roses et al., 2016,
2014; Zeitlow et al., 2017), but two, much larger studies by inde-
pendent groups failed to replicate the main finding (Cruchaga

Figure 1. APOE Isoforms, Allele
Frequencies, and Protein Structures
(A) The three main APOE isoforms APOE2,
APOE3, and APOE4, respectively, encoded by the
Apolipoprotein E2, E3, and E4 alleles, are the
result of non-synonymous polymorphisms that
cause amino acid changes at position 112 and 158
of the APOE protein (Rall et al., 1982; Weisgraber
et al., 1981).APOE3 is the most common variant in
the general population. The APOE4 variant is a
major genetic risk factor for AD, while APOE2 is
protective (Farrer et al., 1997).
(B) Structural models of lipid-free APOE are shown
for each major isoform, based on X-ray crystal-
lography, structure prediction, and circular di-
chroism spectroscopy (Zhong and Weisgraber,
2009). The N-terminal domain contains APOE’s
low-density lipoprotein receptor (LDLR) region at
amino acid residues 134–150, while the C-terminal
holds the lipid-binding region at residues 244–272.
Amino acid substitutions in APOE4 promote a
salt bridge between Arg61 and Glu255, which,
compared to the APOE2 and APOE3 variants,

drives increased domain interaction between the N- and C-terminal domains. In (A), APOE allele frequencies are obtained, with permission, from American
Medical Associationª Farrer, L. et al. JAMA. 278, 1349–1356 (1997). (B) is a reprint, with permission, fromAnnual ReviewsªYu, J. et al. Annu. Rev. Neurosci. 37,
79–100 (2014).
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Strukturmodel des nicht-lipidierten APOE-Proteins, (X-ray crystallography).
• Zhong & Weisgraber. J Biol Chem. 2009 Mar 6;284(10):6027-31

APOE4 fördert die Bildung einer Salzbrücke zwischen Arg61 and Glu255 -> Interaktion zwischen der N- & C-terminalen Domäne.

Die 3 (häufigsten) APOE Isoformen: APOE2, APOE3, APOE4
• entstehen durch zwei häufige Polymorphismen (rs429358; C>T & rs7412;C>T) innerhalb des APOE-Gens.

• die für Aminosäurewechsel an den Positionen 112 + 158 des APOE-Proteins.
• Die Haplotyp-Kombination dieser beiden SNPs definiert die Isoform des APOE-Proteins.



APOE-Genotyp

Yamazaki et al. Nat Rev Neurol. 2019 Sep;15(9):501-518. 

• Der häufigste APOE-Genotyp (APOE ε3/ε3): 62 % der kognitiv gesunden Menschen.

• APOE ε4 Allel Träger:
• ca. 24 % der kognitiv gesunden Menschen.
• ca. 55–75 % der Patienten mit Alzheimer-Krankheit.

systems that the two groups used. Furthermore, Shi et al. 
measured tau- mediated neurodegeneration, whereas 
Zhao et al. focused on tau pathology.

In addition to the findings from mouse models, human  
iPSC- derived APOE*ε4-expressing neurons have higher 
levels of tau phosphorylation than neurons expressing 
APOE*ε3 (REF.113). Taken together, these results suggest 
that APOE influences tau pathology and tau- mediated 
neuronal toxicity in an isoform- dependent manner. 
Understanding the relevance of these findings to dif-
ferent neurodegenerative diseases with tauopathy as 
either a primary pathology or a concurrent pathology 
will require further studies using models that are more 
relevant to the specific disease conditions.

APOE*ε4 is also a genetic risk factor for DLB13–15 
and PDD15–18. These conditions are both classified as  
synucleinopathies, a spectrum of neurodegenerative dis-
orders that also includes Parkinson disease128,129 and is 
characterized by the presence of hallmark accumulations 
of α- synuclein, termed ‘Lewy bodies’, within neuronal 
cell bodies130,131. Patients with DLB or PDD often have 
some degree of concomitant AD- type pathology132,133, 
and 30–40% of individuals with AD also present 
with Lewy bodies134. Therefore, determining whether 
APOE*ε4 contributes to α- synuclein pathology through 
an Aβ- dependent mechanism, similar to that proposed 
for tau pathology in the amyloid cascade hypothesis135, 
or through an Aβ- independent mechanism136 remains 
challenging. However, a study published in 2018 demon-
strated that in individuals with Lewy body disease, 
APOE*ε4 was associated with increased α- synuclein 
pathology irrespective of the degree of AD pathol-
ogy137, suggesting that APOE*ε4 impacts the severity of  
α- synuclein pathology independently of tau and Aβ.  
Of note, the gene encoding LDLR- related protein 10, 
which is thought to play a role in the metabolism of 
APOE lipoproteins138 and the trafficking of APP139, is 
associated with the development of inherited forms of 
DLB and Parkinson disease140.

APOE*ε4 might also directly increase the risk of 
TDP43 pathology in the brains of people with AD. TDP43  
proteinopathy is a core pathological hallmark of amyo-
trophic lateral sclerosis and of frontotemporal lobar 
degeneration with TDP43 pathology141, and often coex-
ists with AD pathology. Of note, APOE*ε4 is associated 

with the presence of comorbid TDP43 proteinopathy in 
the brains of individuals with AD19, as well as the sever-
ity of TDP43 proteinopathy, even after adjustment for 
the presence of Aβ, tau and Lewy body pathologies21. 
These observations suggest that a direct association 
between APOE*ε4 and TDP43 proteinopathy exists in 
AD. A study published in 2018 confirmed that APOE*ε4 
is associated with TDP43 pathology independently of Aβ 
in the brains of individuals with AD20.

In summary, APOE allele- specific effects on tau and 
α- synuclein proteinopathies, and on TDP43 pathology 
in the brains of individuals with AD, have been identi-
fied; however, the relevance of these findings to AD risk 
and disease progression is currently unclear. Further 
studies addressing the associations between APOE iso-
forms and these pathogenic proteins, using a model that 
reflects disease- specific conditions, should increase our 
understanding of APOE pathobiology within the context 
of AD.

Neuroinflammation. Evidence suggests that APOE 
has an important role in regulating the innate immune 
response to amyloid pathology and neurodegeneration. 
Microglia play a central role in the immune response 
in the brain, highlighted by the abundant reactive 
microgliosis surrounding Aβ plaques in post- mortem 
brain tissue from individuals with AD142. These disease- 
associated microglia (DAM)143–145, also referred to as a 
‘microglial neurodegenerative phenotype’146, have a con-
served transcriptional signature across mouse models 
of AD. APOE is among these DAM- associated genes, as 
APOE expression by microglia is upregulated in asso-
ciation with ageing and amyloid and tau pathology14.  
By contrast, APOE deficiency diminishes the DAM 
signature in AD mouse models146,147, highlighting the 
crucial role of APOE in regulating DAM phenotypes.

The various APOE isoforms seem to modulate 
microglial functions differently in AD pathogenesis148. 
Human iPSC- derived microglia- like cells carrying 
APOE*ε4 exhibit altered morphologies and reduced 
levels of Aβ phagocytosis when compared with those 
carrying APOE*ε3 (REF.94). APOE4 also increases 
microglial reactivity against Aβ plaques in a mouse 
model of amyloid pathology149. Furthermore, APOE4 
boosts microglial proinflammatory activation and 

Table 2 | APOE genotype, AD risk and amyloid- β deposition

APOE 
genotype

Frequency in 
cognitively healthy 
individuals (%)286

Frequency in patients 
with AD (%)286

Odds ratio for AD 
development9

Odds ratio for amyloid  
positivity at 70 years of age85

Cognitively 
healthy

Mild cognitive 
impairment

APOE*ε2/ε2 0.7 0.3 0.56 NA NA

APOE*ε2/ε3 11.0 4.6 0.56 0.34 0.59

APOE*ε3/ε3 62.3 34.3 1.00 1.00 1.00

APOE*ε2/ε4 1.9 2.6 2.64 4.29 2.38

APOE*ε3/ε4 22.2 43.4 3.63 2.94 3.52

APOE*ε4/ε4 1.9 14.8 14.49 18.76 14.50
Carrying one or two APOE*ε4 alleles increases the odds ratio for Alzheimer disease (AD) development 3–4-fold or 9–15-fold, respectively, 
regardless of the presence of APOE*ε2 or APOE*ε3 (REFS6,8,9). The pattern of estimated probabilities of amyloid positivity for the different 
APOE genotypes85 is similar to that of the risk of AD. NA, not available.

NATURE REVIEWS | NEUROLOGY

REV IEWS

  VOLUME 15 | SEPTEMBER 2019 | 507

data from: Alzgene. Meta-analysis of all published AD association studies (case-control only)
APOE_E2/3/4. Alzgene http://www.alzgene.org/Meta.asp?GeneID=83 (2010).



APOE-Genotyp in den beiden Phase 3 Aβ-Antikörper Studien

data from: Sims et al. JAMA. 2023 Aug 8;330(6):512-527.

APOE-Genotyp CLARITY-AD TRAILBLAZER-2 
(low/med. tau)

TRAILBLAZER-2 
(combined tau)

Noncarrier (ε2/ε2; ε2/ε3; ε3/ε3) 31,3 % 28,0 % 29,5 %

Carrier (ε2/ε4; ε3/ε4; ε4/ε4) 68,7 % 72,0 % 70,5 %

heterozygote (ε2/ε4; ε3/ε4) 53,3 % 55,9 % 53,8 %

homozygote (ε4/ε4) 15,5 % 16,1 % 16,7 %

data from: van Dyck et al. N Engl J Med. 2023 Jan 5;388(1):9-21.



Zusammenfassung

Normal SCI MCI Leichte
Demenz

Mittelschwere
Demenz

Schwere
Demenz

1 2 3 4 5 6

Umgang mit (teils unrealistischen)
Erwartungen
von Patienten und Angehörigen

„Präsymptomatische Alzheimer-Krankheit“
versus

„Asymptomatisch at risk”
(?)

Biomarker-Diagnose
1. PET Aβ
2. CSF Aβ42/Aβ40
3. CSF p-Tau181/Aβ42
4. CSF t-Tau/Aβ42

Klinisches Alzheimer-Syndrom
1. Amnestisches Syndrom
2. Frontale Variante
3. Logopenische PPA
4. Corticobasales Syndrom
5. Seltene Varianten

Ausschluss
1. Mikroblutungen etc.
2. APOE4/4-Genotyp
3. Antikoagulation
...
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Executive summary 
The 2024 update of the Lancet Commission on dementia 
provides new hopeful evidence about dementia 
prevention, intervention, and care. As people live longer, 
the number of people who live with dementia continues 
to rise, even as the age-specific incidence decreases in 
high-income countries, emphasising the need to identify 
and implement prevention approaches. We have 
summarised the new research since the 2020 report of 
the Lancet Commission on dementia, prioritising 
systematic reviews and meta-analyses and triangulating 
findings from different studies showing how cognitive 
and physical reserve develop across the life course and 
how reducing vascular damage (eg, by reducing smoking 
and treating high blood pressure) is likely to have 
contributed to a reduction in age-related dementia 
incidence. Evidence is increasing and is now stronger 
than before that tackling the many risk factors for 
dementia that we modelled previously (ie, less education, 
hearing loss, hypertension, smoking, obesity, depression, 
physical inactivity, diabetes, excessive alcohol 
consumption [ie, >21 UK units, equivalent to 
>12 US units], traumatic brain injury [TBI], air pollution, 
and social isolation) reduces the risk of developing 
dementia. In this report, we add the new compelling 
evidence that untreated vision loss and high LDL 
cholesterol are risk factors for dementia.

We have completed new meta-analyses of the risk of 
hearing loss and depression for future dementia and 
reviewed and used the most recent literature on 
worldwide risk and prevalences of all risk factors to 
calculate new population attributable fractions for all 
risks. We have used the population attributable fractions 
to generate a new comprehensive life-course perspective 
of dementia prevention incorporating these 14 risk 
factors. The potential for prevention is high and, overall, 
nearly half of dementias could theoretically be prevented 
by eliminating these 14 risk factors. These findings 
provide hope. Although change is difficult and some 
associations might be only partly causal, our new 
evidence synthesis shows how individuals can reduce 
their dementia risk and we discuss how policy 
interventions might improve dementia prevention. 
There is more potential for reduction in risk in low-
income and middle-income countries and among 
minoritised and lower socioeconomic groups, for which 
new evidence shows that there is often a higher burden 
of modifiable risk than for higher-income countries and 

majority populations within them, so dementia is more 
likely to develop at an earlier age.

Evidence for specific risk factors suggests that all 
children should be educated, and a long duration of 
education is beneficial. It is important to be cognitively, 
physically, and socially active in midlife (ie, aged 
18–65 years) and late life (ie, aged >65 years), with novel 
evidence showing that midlife cognitive activity makes a 
difference even in people who received little education. 
The evidence that treating hearing loss decreases the 
risk of dementia is now stronger than when our 
previous Commission report was published. Use of 
hearing aids appears to be particularly effective in 
people with hearing loss and additional risk factors for 
dementia. New evidence also suggests that treating 
depression and smoking cessation might both reduce 
dementia risk.

We report the new finding that reducing air pollution is 
linked with improved cognition and a reduction in 
dementia risk. Policy makers should implement 
strategies to improve air quality, particularly in areas 
with high air pollution. TBI, at any age and from any 
source, continues to be a risk factor for dementia, and 
new and improved evidence suggests that contact sports 
pose a risk. This evidence suggests that protection from 
head injury, such as by use of appropriate head protection 
equipment, reducing high-impact collisions and heading 
practice in sports training, and avoiding playing sports 
immediately after TBI, should be an individual and 
public health priority.

New evidence suggests that reducing the risk of 
dementia increases the number of healthy years of life and 
compresses the duration of ill health for people who 
develop dementia. Prevention approaches should aim to 
decrease risk factor levels early (ie, the earlier, the better) 
and keep them low throughout life (ie, the longer, the 
better). Although addressing risk factors at an early stage 
of life is desirable, there is also benefit from tackling risk 
throughout life; it is never too early or too late to reduce 
dementia risk. Much of the evidence suggests that midlife 
interventions are important, but some risk factors have 
their origins at societal levels and across the life course. All 
of the risk factors covered in this report have the potential 
for risk reduction at scale through policy changes that 
could affect risk across the life course. Additional evidence 
suggests that these changes are often cost saving and, for 
the first time, it is clear that risk can be modified even in 
people with increased genetic risk of dementia.

1. Wenig Bildung

2. Hörstörungen
3. Sehstörungen

4. Rauchen
5. Arterielle Hypertonie
6. Diabetes mellitus
7. Adipositas
8. Erhöhtes LDL-Cholesterin

9. Alkohol (≥21 UK units)
10. TBI
11. Luftverschmutzung

12. Depressionen
13. Soziale Isolation
14. Körperliche Inaktivität
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the number of people who live with dementia continues 
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high-income countries, emphasising the need to identify 
and implement prevention approaches. We have 
summarised the new research since the 2020 report of 
the Lancet Commission on dementia, prioritising 
systematic reviews and meta-analyses and triangulating 
findings from different studies showing how cognitive 
and physical reserve develop across the life course and 
how reducing vascular damage (eg, by reducing smoking 
and treating high blood pressure) is likely to have 
contributed to a reduction in age-related dementia 
incidence. Evidence is increasing and is now stronger 
than before that tackling the many risk factors for 
dementia that we modelled previously (ie, less education, 
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physical inactivity, diabetes, excessive alcohol 
consumption [ie, >21 UK units, equivalent to 
>12 US units], traumatic brain injury [TBI], air pollution, 
and social isolation) reduces the risk of developing 
dementia. In this report, we add the new compelling 
evidence that untreated vision loss and high LDL 
cholesterol are risk factors for dementia.

We have completed new meta-analyses of the risk of 
hearing loss and depression for future dementia and 
reviewed and used the most recent literature on 
worldwide risk and prevalences of all risk factors to 
calculate new population attributable fractions for all 
risks. We have used the population attributable fractions 
to generate a new comprehensive life-course perspective 
of dementia prevention incorporating these 14 risk 
factors. The potential for prevention is high and, overall, 
nearly half of dementias could theoretically be prevented 
by eliminating these 14 risk factors. These findings 
provide hope. Although change is difficult and some 
associations might be only partly causal, our new 
evidence synthesis shows how individuals can reduce 
their dementia risk and we discuss how policy 
interventions might improve dementia prevention. 
There is more potential for reduction in risk in low-
income and middle-income countries and among 
minoritised and lower socioeconomic groups, for which 
new evidence shows that there is often a higher burden 
of modifiable risk than for higher-income countries and 

majority populations within them, so dementia is more 
likely to develop at an earlier age.

Evidence for specific risk factors suggests that all 
children should be educated, and a long duration of 
education is beneficial. It is important to be cognitively, 
physically, and socially active in midlife (ie, aged 
18–65 years) and late life (ie, aged >65 years), with novel 
evidence showing that midlife cognitive activity makes a 
difference even in people who received little education. 
The evidence that treating hearing loss decreases the 
risk of dementia is now stronger than when our 
previous Commission report was published. Use of 
hearing aids appears to be particularly effective in 
people with hearing loss and additional risk factors for 
dementia. New evidence also suggests that treating 
depression and smoking cessation might both reduce 
dementia risk.

We report the new finding that reducing air pollution is 
linked with improved cognition and a reduction in 
dementia risk. Policy makers should implement 
strategies to improve air quality, particularly in areas 
with high air pollution. TBI, at any age and from any 
source, continues to be a risk factor for dementia, and 
new and improved evidence suggests that contact sports 
pose a risk. This evidence suggests that protection from 
head injury, such as by use of appropriate head protection 
equipment, reducing high-impact collisions and heading 
practice in sports training, and avoiding playing sports 
immediately after TBI, should be an individual and 
public health priority.

New evidence suggests that reducing the risk of 
dementia increases the number of healthy years of life and 
compresses the duration of ill health for people who 
develop dementia. Prevention approaches should aim to 
decrease risk factor levels early (ie, the earlier, the better) 
and keep them low throughout life (ie, the longer, the 
better). Although addressing risk factors at an early stage 
of life is desirable, there is also benefit from tackling risk 
throughout life; it is never too early or too late to reduce 
dementia risk. Much of the evidence suggests that midlife 
interventions are important, but some risk factors have 
their origins at societal levels and across the life course. All 
of the risk factors covered in this report have the potential 
for risk reduction at scale through policy changes that 
could affect risk across the life course. Additional evidence 
suggests that these changes are often cost saving and, for 
the first time, it is clear that risk can be modified even in 
people with increased genetic risk of dementia.
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advice. The investigators concluded that the intervention 
was not targeted enough or intense enough. The SMARRT 
trial assessed personalised risk reduction goals (172 adults 
aged 70–89 years) over 2 years via health coaching and 
nurse visitors. The intervention led to an improvement on 
the composite cognitive score (average treatment effect of 
standard deviation 0·14, 95% CI 0·03–0·25), a 74% 
improvement compared with the health education control, 
which included information on demenita risk reduction.287

A systematic review and meta-analysis of multidomain 
interventions for MCI found 28 RCTs of non-
pharmacological multidomain interventions lasting up to 
1 year in older adults with MCI (n=2711) and a moderate 
effect on global cognition (standardised mean difference 
0·41, 95% CI 0·23–0·59; I²=62%), with improvements in 
executive function and memory compared with a single 
intervention active control.288 The authors considered 
reasons for the heterogeneity, including that some studies 
were under powered, but could not draw firm conclusions. 
One smaller systematic review of lifestyle RCTs in people 
with MCI found only three small RCTs (n=156) and 
reported a significant benefit for cognition with low 
heterogeneity.289

Studies have often recruited participants based on high 
cardiovascular risk.281 A systematic review reported that 
the 10-year dementia risk for individuals eligible for four 
large-scale trials of multidomain (ie, two or more 
domains) interventions240,281,282,284,290 was similar to that for 
those who were deemed ineligible; thus future trials 
might need to improve accuracy of identifying people at 
increased dementia risk.291

Some studies have used strategies to boost efficacy of 
and adherence to interventions, including intervention 
coaches to support behaviour change, digitally delivered 
personalised and scalable self-management inter-
ventions, and targeting people of lower socioeconomic 
status and people in LMICs.241,292–295 These studies should 
clarify whether the cognitive benefits reported in existing 
trials can be replicated or increased and whether the 
multidomain interventions are likely to be scalable and 
clinically significant in preventing dementia. It is 
currently unclear whether the cognitive benefits 
identified are sustainable after intervention cessation, 
whether they translate into a reduction in dementia 
incidence, or whether they can be implemented with 
similar adherence and effectiveness in low-income 
settings and populations at high risk.

A review of multidomain intervention trials for 
dementia prevention found that only 26 (62%) of 
42 studies reported any ethnicity data and, in those, 
individuals from non-White, minority ethnic groups 
accounted for only a small proportion of participants.296 
White race was reported in 23 trials, Black or African 
American ethnicity was reported in 15 trials, Asian 
ethnicity was reported in six trials, American Indian or 
Alaska Native ethnicities were reported in three trials, and 
Hawaii Native or Pacific Islander ethnicities were reported 

in one trial. The FINGERS study240 did not report ethnicity 
or dementia incidence but reported that the effects of the 
intervention on cognitive function were the same across 
socioeconomic categories (albeit within a fairly affluent 
cohort). All but 61 (2%) of 2700 participants in the HATICE 
study (ie, an internet-based, coach-supported, goal-setting 
approach) were White.282 Results were not disaggregated 
by ethnicity, but the effect of the intervention was greatest 
in people with the lowest baseline educational attainment.

Overall, even interventions with modest effects could 
theoretically have substantial preventive effects at the 
population level, including for people who are less 
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Figure 9: Population attributable fraction of potentially modifiable risk factors for dementia
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