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Advocating for Demonstration of Disease Modification -Have We Been Approaching Clinical Trials in Early Alzheimer Disease Incorrectly?

The Alzheimer's Disease (AD) community was unanimous in welcoming the positive results of Clarity-AD [START_REF] Van Dyck | Lecanemab in Early Alzheimer's Disease[END_REF] , an 18-month methodologically sound phase 3 trial of lecanemab in early AD. For the first time, an anti-amyloid immunotherapy demonstrated an indisputable clinical effect.

Eventually, lecanemab received an FDA accelerated approval.

However, time to severe AD dementia is, on average, 7-17 years in this early AD population [START_REF] Vermunt | Duration of preclinical, prodromal, and dementia stages of Alzheimer's disease in relation to age, sex, and APOE genotype[END_REF] , and 18-month clinical trials in early AD can only provide limited insight into the drug's effectiveness in relation to the overall disease-course and its long-term impact. In this context, the 18-month therapeutic index of lecanemab was questioned: the effect size on the primary endpoint (0.45 points on an 18-point hybrid functional/cognitive scale of dementia severity) being balanced with significant side effects and uncharacterized long-term efficacy [START_REF] Van Dyck | Lecanemab in Early Alzheimer's Disease[END_REF] . Cost-effectiveness was also debated, relying on assumptions on the long-term impact of the drug.

These debates illustrate the complexity of translating these early AD clinical trials results into the real-world, and highlight the importance of estimating the long-term effects of lecanemab. Longterm trials with pragmatic outcomes (such as institutionalization rates) could settle these uncertainties. Still, they are not a realistic option, considering their duration, costs, methodological biases (attrition rates), and ethical issues (delay before drug availability). Therefore, it is of utmost importance to assess the level of evidence for disease-course modification, which implies an enduring change in the disease's clinical progression [START_REF] Cummings | Defining Disease Modifying Therapy for Alzheimer's Disease[END_REF] . Enduring changes ensure that treatment discontinuation will only partially impact the benefits and that benefits may increase over time if the treatment is effective all along the disease continuum. Disease-course modification can be demonstrated using and combining various data types: (i) effect on mechanisms central to the proposed pathophysiology of AD, (ii) biomarker measures, and (iii) clinical trial designs [START_REF] Cummings | Defining Disease Modifying Therapy for Alzheimer's Disease[END_REF] .

Concerning the first of these, under the assumption of the amyloid cascade hypothesis, antiamyloid drugs could be disease-modifying therapies (DMTs) since removing amyloid should stop or alleviate the progression of tauopathy, neurodegeneration, and clinical symptoms. However, a pure "symptomatic" effect of anti-amyloid immunotherapies is also biologically conceivable. One can assume that the restoration of synaptic function might be at the root of the clinical effect of amyloid-β (Aβ) clearance through the toxicity reduction of different Aβ species on synaptic transmission ("Aβ stress") 4 . Still, Aβ clearance might be transiently clinically effective without interfering with tauopathy and processes leading to cell death.

Second, recent anti-amyloid immunotherapies demonstrated a solid ability to clear amyloid plaques. They also induced changes in "downstream" biomarkers, supporting the amyloid cascade hypothesis and disease-course modification [START_REF] Van Dyck | Lecanemab in Early Alzheimer's Disease[END_REF] . Despite using small subsamples, aducanumab, donanemab, and lecanemab significantly and consistently demonstrated regional effects on tau-PET. Effects on fluid biomarkers such as plasma and CSF p-tau should be interpreted cautiously since amyloid pathology could directly influence their measure. Effects on markers of neurodegeneration remained unclear. On the one hand, a significant decrease in CSF total-tau and neurogranin and a slower rate of hippocampal atrophy were reported in Clarity-AD. On the other hand, no anti-amyloid immunotherapies (except high-dose gantenerumab) showed a significant effect on CSF or plasma NfL. More disturbingly, global atrophy and ventricular enlargement acceleration were reported in almost all phase 2 and 3 anti-amyloid trials [START_REF] Ayton | Brain volume loss due to donanemab[END_REF] . To clarify these conflicting results, future studies with pre-specified mediation analyses are necessary to assess the relationships between biomarkers and the primary outcome: for example, between amyloid PET load clearance, tau PET load dynamics, rate of medial temporal lobe atrophy, and CDR-SB (based on the "quantitative-ATN" model hypothesis).

Third, in parallel-groups clinical trials, the clinical evolution of patients treated with anti-amyloid immunotherapies vs. placebo can also provide indirect evidence of disease-course modification. In case of DMT, the difference between the two groups should gradually increase. Eli Lilly disclosed the figures of the absolute difference between placebo and treated groups on the primary endpoint (iADRS) at each timepoint in the donanemab phase 2 trial. These figures showed a plateauing difference after 52 weeks [START_REF] Mintun | Donanemab in Early Alzheimer's Disease[END_REF] . Likewise, the observation of CDR-sb slopes in the Clarity-AD trial showed an initial divergence and then a parallelization during the rest of the trial 1 , which is not consistent with disease-course modification but rather with a symptomatic effect. However, slope analysis has some limits: lack of divergence does not exclude disease-course modification in case of non-linear and latent effects.

With currently available data, one can therefore argue that anti-amyloid immunotherapies are DMTs and are not (table 1). New trials with delayed-start designs could provide a higher level of evidence for disease-course modification. In these double-blind trials, patients are randomized to receive either a placebo or active treatment during the first stage of the trial. During the second stage of the trial, all patients receive active treatment. In case of DMT, the delayed-start group will never catch up to the early-start group, consistent with an enduring change in the clinical course.

These trials differ from the current parallel-groups trials and their open-label extensions since there is i) no variability in the wash-out period before delayed-start, ii) no randomization bias related to the optional nature of open-label extensions, iii) continued blinding during the two stages of the trial and iv) a pre-specified analysis of the primary endpoint at the end of each trial's stage. The lecanemab Clarity-AD trial was powerful enough to evidence a significant difference between the two parallel groups at ~6 months. Besides, the anti-amyloid effect seems to plateau after ~12 months. Hence, the total duration of a delayed-start trial testing anti-amyloid immunotherapies in early AD could be 18-24 months: as long as the current parallel-groups trials.

However, isolated delayed-start trials have limitations and can be flawed, leading to an erroneous interpretation of disease-course modification. For instance, differential dropout between the placebo and the treated groups during the first trial's stage could bias the results, especially if treatments have both symptomatic and disease-modifying properties [START_REF] Olanow | A double-blind, delayed-start trial of rasagiline in Parkinson's disease[END_REF] . Still, lessons were learned, and such designs were used recently to test anti-synuclein immunotherapies in early Parkinson's disease. It demonstrates the ethical, methodological, and financial feasibility of delayed-start trials when testing immunotherapies at the early stages of neurodegenerative diseases.

In conclusion, a positive clinical trial with a delayed-start design combined with a pre-specified mediation analysis of "downstream" biomarkers as a co-primary endpoint will highly increase the level of evidence for disease-course modification. This will be of utmost importance for physicians to provide appropriate information to patients and caregivers in the shared decisionmaking process regarding the putative long-term effects of anti-amyloid immunotherapies. It will also help payors and regulators worldwide to confirm an acceptable long-term risk/benefit ratio and cost-effectiveness of anti-amyloid immunotherapies in early AD. 

Table 1 . Are anti-amyloid immunotherapies disease-modifying therapies (DMTs)?

 1 Summary of currently available evidence. * as reported by Eisai at the 2022 CTAD conference (https://www.bioarctic.se/sv/wp-content/uploads/sites/4/2022/11/clarity-ctad-presentation.pdf)
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