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Abstract

B-amyloid-targeting antibodies represent the first generation of effective causal treatment of
Alzheimer’s disease (AD) and can be considered historical research milestones. Their effect
sizes, side effects, implementation challenges and costs, however, have stimulated debates
about their overall value. In this position statement academic clinicians of the European
Alzheimer’s Disease Consortium (EADC) discuss the critical relevance of introducing these
new treatments in clinical care now. Given the complexity of AD it is unlikely that molecular
single-target treatments will achieve substantially larger effects than those seen with current
B-amyloid-targeting antibodies. Larger effects will most likely only be achieved incrementally
by continuous optimization of molecular approaches, patient selection and combinations
therapies. To be successful in this regard, drug development must be informed by the use of
innovative treatments in real world practice, because full understanding of all facets of novel
treatments requires experience and data of real-world care beyond those of clinical trials.
Regarding the antibodies under discussion we consider their effects meaningful and potential
side effects manageable. We assume that the number of eventually treated patient will only be
a fraction of all early AD patients due to narrow eligibility criteria and barriers of access. We
strongly endorse the use of these new compound in clinical practice in selected patients with
treatment documentation in registries. We understand this as a critical step in advancing the
field of AD treatment, and in shaping the health care systems for the new area of molecular-

targeted treatment of neurodegenerative diseases.



The increasing societal burden of dementia

Of the 450 million people living in the European Union (EU), one in five is 65 years or older.
One in three will be 65 or older in 2050 (https://ec.europa.eu/eurostat/). The current estimate
of 7.8 million people living with dementia in the EU will almost double to 14.3 million in
2050 (www.alzheimer-europe.org). A recent meta-analysis of 17 European studies reported
annual costs of dementia of up to 74,000 € per person in the severe disease stage. More than
90% of the costs are related to care, while less than 10% are related to diagnostic procedures

and medical treatment (1).

Dementia risk reduction and effects on dementia prevalence

A meta-analysis of epidemiological studies concluded that 40% of the population attributable
risk of dementia is explained by potentially modifiable risk factors (2). Also, there is evidence
that the age-specific prevalence and incidence rates of dementia are declining in industrialized
countries (3). The magnitude of further reduction in age-specific incidence and prevalence of
dementia, however, is uncertain, because some modifiable risk factors have already been
successfully lowered at the population level over the past decades (e.g. smoking,
hypertension) while others are on the rise (e.g. obesity, diabetes). Moreover, even under the
assumption of a further decrease in age-specific incidence and prevalence of dementia, the
disproportional demographic changes in Europe will override this effect and the burden of
dementia for societies will continue to grow (https://ec.europa.eu/eurostat/). Approaches that
slow the disease course and delay the time to moderate and severe dementia stages at an

individual level are urgently needed.

Causes of dementia and new treatments
Alzheimer’s disease (AD), the most common cause of dementia, is defined by deposition of

extracellular B-amyloid as plaques and intraneuronal aggregation of phosphorylated tau



protein with subsequent neurodegeneration (4). Cerebrospinal fluid (CSF) and brain imaging
(positron emission tomography, PET) biomarkers are available to detect both pathologies
even before dementia at the stage of mild cognitive impairment (MCI). Blood-based
biomarkers are under development, which will increase the accessibility of a molecular AD
diagnosis (5, 6).

Recently, it has been demonstrated for the first time that monoclonal antibodies against
specific epitopes of aggregated B-amyloid reduce amyloid deposits in the brain and slow the
progression of symptoms of the disease. Aducanumab was the first antibody to show the
association of amyloid lowering with slowing of symptomatic decline in a phase 2 clinical
trial (7). The phase 3 clinical trial program of aducanumab comprised two parallel studies
(EMERGE, ENGAGE), which were terminated early after a futility analysis. In both trials,
strong amyloid reduction was observed, but the clinical data were inconclusive (8). The
United States Food and Drug Administration (FDA) granted accelerated approval based on
the amyloid reduction only with the requirement for clinical proof of efficacy.

Lecanemab is the first antibody with demonstration of clinical efficacy in a phase 3 program
(9). It is fully approved by the FDA and by the regulatory bodies of Japan, China and South
Korea. This success is a historical milestone in AD research as it is the first time that a
causative treatment shows slowing of symptom progression. The current antibodies can be
considered the first generation of a new era of molecular-targeted treatment of AD and most
likely of other neurodegenerative diseases given that 127 drugs targeting -amyloid as well as

several other molecular mechanisms, are currently in clinical development (10)

Patient groups for p-amyloid-targeting antibodies
B-amyloid-targeting treatment aims at slowing the biological and symptomatic progression of
AD. The target population of recent clinical trials were patients at the early symptomatic

disease stage, either MCI or mild dementia. From the biological perspective, early treatment
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is plausible, because the spread and dynamics of pathology are less advanced at earlier stages,
and more brain tissue is still preserved. Clinically, early treatment potentially maintains a
stage of less impairment with more autonomy, higher independence, and lower costs of care.
The efficacy of the new treatments in moderate and severe dementia is not studied and

therefore remains unclear. It is likely, that the effects will be smaller than at earlier stages.

Outcomes in the clinical trials

The 18-month phase 3 clinical trials of the current f-amyloid-targeting antibodies with
evidence for efficacy used validated clinical instruments for measuring cognition and daily
function as primary and secondary endpoints (9, 11). The Clinical Dementia Rating-Sum of
Boxes (CDR-SOB) is most commonly used in early symptomatic AD trials and was the
primary outcome of the lecanemab phase 3 clinical study (CLARITY-AD) (12). The phase 3
clinical trial of donanemab, the second antibody with phase 3 proof of efficacy,
(TRAILBLAZER-ALZ 2) used the Integrated Alzheimer Disease Rating Scale (1IADRS) as
the primary endpoint (13). The CDR-SOB served as a key secondary endpoint. Both
assessments (CDR-SOB, iARDS) are based on cognitive testing and interviews with patients
and study partners by expert clinicians (raters). Additional instruments for assessing clinical
symptoms were used as secondary endpoints in both trials. The primary biological readout of

these studies was change a in B-amyloid plaques load measured by PET (9, 11).

Effects and effect sizes

In CLARITY-AD and TRAILBLAZER-ALZ 2, there was consistent and significant slowing
of decline on all clinical outcomes by antibody treatment compared with placebo. This was
paralleled by a strong reduction of cerebral amyloid load to a level of what is considered

amyloid-negative in most participants (9, 11).



The effect was a reduction in decline in comparison to placebo at the end of the studies of
27% on the CDR-SOB for lecanemab and of 35% on the iADRS for donanemab in the
primary analysis group of TRAILBLAZER-ALZ 2, which were patients with low to medium
tau deposition on PET. The absolute difference in favor of the drug vs. placebo in the CDR-
SOB was 0.45 points for lecanemab and 0.68 points for donanemab in the low to medium tau

group (0.67 in the full sample) (9, 11).

Clinical meaningfulness of the effects

There is an ongoing discussion about the clinical meaningfulness of the magnitude of the
observed effects. The following points are important to consider: the CDR-SOB, the iADRS
and all other scales used as clinical outcomes measure inherently meaningful features of the
disease, namely impairment in cognition and function, which are the core symptoms that
define the clinical manifestation of AD.

Regarding the most used CDR-SOB, studies have linked the magnitude of change on this
scale to clinically relevant changes on external references (anchors). Based on the US
National Alzheimer's Coordinating Centers (NACC) database, one study reported a mean
change in the CDR-SOB score of 0.98 in MCI-AD patients and of 1.63 in AD patients with
mild dementia, who showed a minimal clinically important decline over 12 months according
to physician judgement (14). A second study based on the Donepezil/Vitamin E clinical trial
data in MCI (ADC-008 NCT00000173) calculated a meaningful change of the CDR-SOB of
0.64 points over 12 months by anchoring it to the MCI-Clinical Global Impression of Change
Scale (MCI-CGIC) and 1.08 by anchoring it to the Global Deterioration Scale (GDS) (15).
These results show that the estimates differ substantially between MCI and mild dementia,
indicating lower sensitivity to change in MCI, and that the estimates depend on the sample,
the context of data acquisition and the selected anchor. It also needs to be recognized that the

external anchors in these studies are clinician-based categorical judgements (i.e. worse, not



worse) with imperfect reliability and validity. As such, these estimates can only serve as
rough guidance. As a side note, in these studies, clinical meaningful change was defined by
the treating physician or rater, not by the patient or the care partner.

According to these estimates, the placebo group in CLARITY-AD showed a clinically
relevant decline (1.66 points), while the lecanemab group showed a borderline decline (1.21
points) (9). The placebo group in TRAILBLAZER-ALZ 2 showed a clearly relevant decline
(1.82 points), while the donanemab group showed a decline of only borderline clinical
relevance (1.16 points) (11). The higher number of patients with a CDR global score of 0.5
(indicating milder impairment in the range of MCI) in CLARITY-AD (80.8%) compared with
TRAILBLAZER-ALZ 2 (65.7%) may explain the smaller effect of lecanemab given the lower
sensitivity of change of the CDR-SOB in MCI compared with mild dementia.

A different way to interpret the effect size is a time-to-event analysis, which is common in
other medical fields, such as oncology. The hazard ratios (HR) of progressing to a more
severe clinical stage (MCI to mild dementia, mild dementia to moderate dementia based on
CDR ratings) within 18 months were 0.69 for lecanemab (risk reduction of 31%) and 0.61 for
donanemab in the low to medium tau group (risk reduction of 39%) (full sample: 0.63) (9,
11). From the societal point of view, this risk reduction is important given the increase of
care-related costs with advancing disease stages. For comparison with other fields of
medicine, a recent meta-analysis across 92 FDA-approved anti-cancer drugs reported a HR
for progression-free survival of 0.52 (16).

Complementary approaches of assessing meaningfulness are patient-reported outcome
measures (PROM). In CLARITY-AD, self- and care partner-reported quality of life and
caregiver burden were assessed. Significant superiority of lecanemab was observed in all

three domains (17).



Expected effect sizes of new treatments

AD is a highly complex disease with several relevant molecular pathways beyond B-amyloid
and tau aggregation. A recent genome-wide association study (GWAS) identified 75
significant risk loci. A pathway analysis revealed 33 significant gene sets and identified a
strong role of the innate immune system and microglia-dependent endocytosis (18). In
addition, AD pathology is driven by environmental and lifestyle risk factors as well as general
mechanisms of aging. Consequently, current drug development has extended to inflammation,
metabolic regulation, oxidative stress, synaptic protection, neurotransmitter imbalance and
proteostasis complementary to f-amyloid aggregation and tau pathology (10). Given the
multifaceted causes underlying AD and the fact that at the time of symptom manifestation, the
disease pathology has already progressed for several years, it is not very likely that targeting a
single molecular mechanism at the stage of early symptomatic AD will have much stronger
effects than what is now observed in B-amyloid-targeting antibody trials. Larger effects will
most likely only be achieved by combination therapies, individualized biomarker-guided
patient selection, and by long-term treatment from the very early disease stage onwards. This
assumption clearly suggests that the progress in treatments will be incremental and, given the

long duration of trials needed in AD will extend over many years.

Side effects of anti-p-amyloid antibodies

The most discussed side effects of the current -amyloid-targeting treatments are amyloid-
related imaging abnormalities (ARIA), which are changes observed on magnetic resonance
imaging (MRI). They are classified as ARIA-E and ARIA-H. The first refers to hyperintense
signal abnormalities with evidence of brain swelling on T2-weighted MRI. ARIA-E is
considered to reflect vasogenic edema due to antibody effects on amyloid in vascular walls
often accompanying AD pathology (19). ARIA-H describes microbleeds or superficial

siderosis also considered to be related to cerebral amyloid angiopathy (CAA) and CAA-
10



related inflammation (CAA-ri) (20, 21). In the trials, the occurrence of ARIA led to
discontinuation and re-start of dosing following specific protocols.

A recent summary of ARIA related to lecanemab treatment in CLARITY AD including the
open label extension study reported an ARIA-E frequency of up to 34.5% in APOE4
homozygous with 14.2% being recurrent (6.5% and 0.8% in APOE4 non-carriers). 92%
occurred in the first six months of treatment, 81% resolved within four months. The
frequency of symptomatic ARTA-E was 3.3% (11.2% in APOE4 homozygous) with mild to
moderate and transient symptoms including headache, confusion, dizziness, vision changes,
nausea, aphasia and weakness. Individual cases of seizure were reported in association with
ARIA, however, the frequency of seizures in lecanemab-treated patients was the same as in
the placebo group (0.6%) (22). In APOE4 homozygous the frequency of ARIA-H was 39.8%
in lecanemab-treated group and in 21.1% in the placebo group (11.9% and 3.8% in APOE4-
non-carriers). Of all lecanemab-treated patients, 1.7% showed symptomatic ARIA-H.
Intracerebral hemorrhage occurred in 0.5% (8 of 1612) of lecanemab-treated cases and in
0.1% (1 of 897) of the placebo group, of which two in the lecanemab group and one in the
placebo had fatal outcomes. Of the two fatal cases under lecanemab, one received tissue
plasminogen activator (tPA) treatment before the hemorrhage and one received anticoagulant
therapy (22).

In TRAILBLAZER-ALZ 2, ARIA-E occurred in 40.6% of APOE4 homozygous (15.7% in
non-carriers). 6.1% of all donanemab-treated patients had symptomatic ARIA-E (25.4% of all
ARITA-E cases). First events of ARIA-E resolved in 98% of the cases after a mean of 72.4
days. ARIA-H was observed in 36.4% of all treated patients and 13.6% in the placebo group.
Intracranial hemorrhage occurred in 0.4% of treated cases (3 of 853) in 0.2% in the placebo
group (2 of 874). Three participants in the donanemab group died in relation to severe ARIA-

E (n=1), severe ARIA-E and ARIA-H (n=1) and severe ARIA-E and ARIA-H with

11



intracranial hemorrhage (n=1). Two were APOE4 heterozygous carriers and one was an
APOEA4 non-carrier. None had received anticoagulant or anti-platelet medications (11).
These data show that ARIA-E and ARIA-H are common, particularly in APOE4 carriers.
They also show that transient clinical symptoms of mild to moderate severity occur in a
fraction of all ARIA cases. Severe clinical side effects even with fatal outcome occur in very
rare cases. Every effort must be taken to understand the underlying mechanisms of these
severe events and risk factors for ARIA should be known to all prescribing physicians.
Biomarker, which indicate ARIA-risk are highly desirable (22). However, the trials also
demonstrate that with careful monitoring ARIA are manageable and patient can generally be
treated safely. In our view, the perception that B-amyloid-targeting treatment with antibodies

puts patient at high risk for dangerous side effect is not supported by data and misleading.

Eligibility for treatment

In the United States (US) appropriate use recommendations (AUR) for aducanumab and
lecanemab have been published to guide the clinical use of these antibodies with special
consideration of patient selection and safety monitoring (23, 24). In addition to the proof of
AD pathology by biomarkers in mildly symptomatic patients, the AURs list several eligibility
criteria, which are oriented along the inclusion and exclusion criteria as well as safety findings
of the clinical trials (9, 10). Key aspects are the level of impairment as defined by cognitive
testing, co-medication, and eligibility for safety monitoring (i.e. lack of MRI
contraindications).

A few reports have estimated the proportion of individuals who would qualify for treatment.
In the Mayo Study of Aging, 5.1% - 17% of 237 patients with MCI or mild dementia and
evidence for AP pathology were found to be eligible depending on the compound and the
neuropsychological criteria used (25). In an analysis of the Karolinska Memory Clinic sample

27% of MCI cases and 28% of dementia cases would qualify for aducanumab treatment
12



without consideration of MR-based exclusion criteria (26). Based on National Health Service
data, it was estimated that 30.200 patients (3.1% of all dementia cases) would qualify for
antibody treatment in the UK (27). These estimates show that among those at the early
symptomatic stage of AD, only a fraction is eligible for the currently available B-amyloid-

targeting antibodies.

Access barriers

The identification of early-stage AD patients potentially eligible for amyloid-targeting
treatment requires vigilance from patients, family members and physicians for early
symptoms. While there is a general openness in primary care for early diagnosis, many
barriers exist for early case finding. Frequent topics hindering early diagnosis at the non-
specialized level include lack of time and knowledge about early AD as well as insufficient
reimbursement (28). There is a substantial need to develop tools which allow correct detection
of MCI and mild dementia in the non-specialized settings and to create an environment, in
which the primary care physician is supported in the diagnostic process, counseling and care
for patients with early-stage AD. A second barrier to early diagnosis of AD is access to an
expert diagnosis including evaluation of CSF or PET biomarkers. The necessary capacities for
diagnostics currently exceed what is available in almost all European countries (29). Plasma-
based biomarkers may help to overcome challenges of diagnostic capacity in the future, but
expert centers guiding the diagnostic process will still be required and present a bottleneck.
With regard to treatment, infusion center capacity is a limiting factor. An additional challenge
is the requirement of five and potentially more MRI scans within the first year and
subsequently more for ARIA monitoring serving dosing decisions and even triggering
cessation of treatment. As such, access to repeated MRI represents another bottleneck, which

needs to be overcome in order to make effective treatment available.
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Besides eligibility criteria and structural barriers of access other aspects will most likely
impact on the number of patients eventually receiving treatment. Of relevance will be for
instance the risk/benefit/effort/cost considerations of individuals patients and care partners
after the informed-consent process, lack of knowledge about new treatments on the level of
patients and physicians, skepticism of consulting physician including recommendation against
treatment, long distance or complicated traveling to facilities, out-of-the-pocket expenses in
some healthcare systems and many other. All of these aspects most likely contribute to a
lower than expected number of treated patients currently observed in the US, where

antibodies are approved.

Costs related to treatment

There has been a concern that the costs of diagnostic2, treatment and monitoring per patient
with the current B-amyloid-targeting antibodies will exceed the capacity of national health
care systems. In a previous EADC paper, we concluded that the economic consequences
would be considerable, if one third of the early AD-population would get access to treatment
(30). Given the consideration above, however, all cost models remain vague, because the real
number of individuals who will be treated is difficult to estimate before the compounds enter
healthcare.

In addition, prospective developments of treatments will potentially lower the costs. For
example, subcutaneous application of antibodies, which is under development, will make
infusion centers dispensable; treatment only until amyloid negativity, which was reached in
80% of all patients in the TRAILBLAZER-ALZ 2 trial after 18 months, would limit treatment
duration per patient (for this, meaningful blood biomarkers for treatment-related amyloid
lowering are needed); improvement in anti-amyloid treatment with regard to ARIA risk may

make MRI-monitoring in the future unnecessary.

14



Conclusion and outlook

With the advent of B-amyloid targeting treatments as the first generation of causal treatment
of AD and the rapidly evolving biomarkers, the field of neurodegenerative diseases is entering
a new era, which for the first time holds promise for effectively slowing the biological disease
processes and eventually preventing severe disease clinical stages which are associated with
high burden and costs of care. The complex biological nature of AD and other
neurodegenerative diseases implies that the clinical effects of single-target treatments starting
at the symptomatic stage of the disease will most likely be limited. We expect upcoming
mono-targeted non-amyloid treatments to achieve effect sizes comparable to those of
lecanemab and donanemab. It is likely that significantly stronger effects will only be achieved
by combination therapies, by individualized biomarker-guided patient selection or by much
earlier treatments. All these approaches require trial designs, which are more complex than
the recent phase 3 clinical trials. Their development will need to build on current clinical trial
evidence, but also capitalize on experience and knowledge gained by clinical use. As such, the
progress towards larger effect sizes will most likely be incremental and extend over several
years. It is of critical importance for the research community as well as regulators, payers and
the public to acknowledge these expectations. To eventually achieve the best outcome, we
need strong and sustained investments in research and in the development of health care
systems with integration of innovations. We need to establish technologies and pathways of
care that allow timely identification of patients who are eligible for and may benefit from
these treatment and guarantee access to safe administration and monitoring. As in other fields,
we must make use of real-world data collected in large-scale registries to better understand
effects and risk of the upcoming treatments. With sustained commitment of all stakeholders,
the field of neurodegenerative diseases will eventually evolve from symptomatic dementia
care to early disease detection with effective causal treatment and delay or even prevention of

late stage disease leading to reduced care dependency and cost savings for the society.
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