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Abstract

The recent clinical authorization of amyloid PET in France represents a crucial step for the nuclear
medicine community involved in the diagnosis of Alzheimer’s disease (AD). At the era of ATN
(Amyloid, Tau, Neurodegeneration) biomarkers, amyloid PET fills a need in patients with an atypical
or mixed clinical presentation, in particular young patients (< 65 years old), when the lumbar
puncture is contraindicated or not feasible for technical reasons. Importantly, a negative amyloid PET
scan discards the diagnosis of AD. Furthermore, early phase imaging of amyloid PET allows to
estimate the perfusion neuronal state, increasing the diagnostic value of such PET radiotracer. Its
role could be further developed in routine care for the selection and monitoring of promising disease

modifiers therapies.
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Résumé

La récente autorisation clinique de la TEP amyloide en France représente une étape cruciale pour la
communauté de la médecine nucléaire impliquée dans le diagnostic de la maladie d'Alzheimer (MA).
A |'ére des biomarqueurs ATN (Amyloide, Tau, Neurodégénérescence), la TEP amyloide comble un
réel besoin diagnostic chez les patients présentant une présentation clinique atypique ou mixte, en
particulier les patients jeunes (< 65 ans), lorsque la ponction lombaire est contre-indiquée ou non
réalisable pour raisons techniques. Il est important de noter qu'une TEP amyloide négative écarte le
diagnostic de MA. De plus, I'imagerie de phase précoce de la TEP amyloide permet d'estimer la
perfusion neuronale, augmentant la valeur diagnostique d'un tel radiotraceur TEP. Son rdle pourrait
a l'avenir étre développé davantage en soins courants pour la sélection et le suivi de thérapies anti-

amyloides dans la MA.
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The Haute Autorité de Santé (HAS) issued a favorable opinion on June 8, 2022 on clinical
authorization for amyloid Positron Emission Tomography (PET) imaging with flutemetamol in the
diagnosis of Alzheimer's disease (AD) with atypical clinical presentation and/or early age of onset
under 65 years old. This authorization has been proposed under the following circumstances: i. when
the cognitive deficit has been objectively confirmed and the cause of the cognitive disorder remains
uncertain after an evaluation by a specialist and the explorations recommended by the guidelines
and, ii. when the performance of a lumbar puncture to allow the research and assay of the
biomarkers AB42, Tau and phosphoTau in the cerebro-spinal fluid (CSF) is contraindicated, not
feasible or has provided inconclusive results, i.e. equivocal results not interpretable, results in
disagreement with clinical presentation. A negative amyloid PET scan discards the diagnosis of AD,
even if another neurodegenerative disorder cannot be excluded. This represents a crucial step for
the nuclear medicine community involved in the diagnosis of AD. By contrast, a positive amyloid PET
is not in itself indicative of AD since positive findings can occur in non-AD forms of dementia (1).
According to the data from the Banque Nationale Alzheimer (BNA), we could estimate at
approximately 1000-1500, the number of patients who could benefit from this examination per year
in France.

Today, the prevalence of dementias in France is estimated at approximately 900,000 people (2). Of
these dementia cases, approximately two-thirds are attributable to AD. With the aging of the
population, this figure should double by 2,050 affecting on average 1 in 6 patients after 80 years. In
addition to the life expectancy, which is clearly reduced in these patients, the cost relating to this
pathology comes from the loss of autonomy leading to significant expenses related to dependency.
The average societal cost is estimated at around 16,500 euros per person per year (Institut Francais
de la Moélle et du Cerveau). An accurate diagnosis could limit the costs related to the delay in in
medical care.

AD and related syndromes generally occur after the age of 65 (3) and are mainly manifested by an

inaugural amnesic syndrome subsequently affecting other cognitive spheres, i.e. executive functions,



language, gestures, gnosis. However, several ADs may initially be manifested by other cognitive-

IH

behavioral disorders: aphasia, visuo-spatial, or psycho-behavioral disorders. These “atypical” forms
of AD, which are not uncommon, are more difficult to differentiate from other diseases, such as
frontotemporal dementia or Lewy body disease, than the typical clinical forms. In addition, more
than 30,0000 French patients with dementia are estimated early-onset degenerative disease, i.e.
before the age of 65, with only a small number of which are of genetic origin. Early-onset forms of AD
represent a complex diagnostic challenge.

The current formal diagnosis is based solely on post-mortem histological data. Alzheimer's disease is
defined by the association of a clinical dementia syndrome with the presence of two histological
characteristics, the extraneuronal accumulation of B-amyloid plaques (AB pathology) which appears
years before clinical symptoms, following by the intraneuronal deposition of Tau protein or
"degeneration neurofibrillary” (Tau pathology), directly linked to the cognitive deficits.

Diagnosis based solely on clinical criteria shows insufficient performance since approximately 35% of
clinically defined ADs are in fact not ADs, the many atypical forms of AD limiting the diagnostic
accuracy (4). This has led expert groups to include biomarkers in the diagnosis, which can be
biological or obtained from PET imaging.

The ATN classification defined by the NIA-AA (National Institute on Aging and Alzheimer's
Association) group in 2018 marked a major turning point in the diagnosis of AD in research by
systematically integrating the pathology biomarkers AB and Tau in the diagnosis of AD, whether they
are obtained by biology or imaging (5). More recently, the IWG (International Working Group) took
up these diagnostic elements of biomarkers by associating them with clinically objectified cognitive
impairment for care criteria (6).

If the AD biomarkers can be obtained through CSF analyses, a certain number of patients are
contraindicated in performing a lumbar puncture, e.g. patients with anti-coagulant treatment,
representing more than 3 million people in 2013 according to the Agence Nationale pour la Santé et

le Médicament, or the realization of the latter is impossible, e.g. excessive scoliosis in elderly



subjects, non-compliant patients or categorically refusing the gesture, or the results of the biological
biomarkers are inconclusive representing approximately 4% of lumbar punctures (7). Currently in
France, these patients are wandering or even in a diagnostic impasse.

The Food and Drug Administration (FDA) conditionally approved aducanumab (June 7, 2021) an anti-
amyloid immunotherapy in the indication of "Alzheimer's disease". It was the first so-called "disease
modifier" treatment to obtain approval from the drug regulatory authorities, although it is temporary
for the time being pending subsequent clinical results confirming its effectiveness. However, for the
time, the European Agency of Medicines did not approve this medication. More recently, the FDA
approved lecanemab (January 6, 2023), another anti-amyloid antibody, which shows a significant
reduction of clinical decline in a large global clinical study of 1,795 participants with early AD in
addition to a significant reduction of amyloid PET burden (8). The prospect of routine access to anti-
amyloid medications reinforces the need to establish the diagnosis of AD in patients likely to be
treated with these medications by confirmation of cerebral amyloidopathy.

The current literature includes number of studies validating the clinical interest of performing
amyloid PET in clinical routine. The most consistent is that of Rabinovici et al. (9) (IDEAS study, The
Imaging Dementia—Evidence for Amyloid Scanning), under the aegis of the American College of
Radiology, which is a multicenter and longitudinal study of 11,409 patients (patients >65 years old,
suspicion of clinical AD) which shows that up to 30% of patients with dementia and nearly 50% of
patients with mild cognitive impairment (MCI) may have an erroneous etiological diagnosis of AD
which could be ruled out by a negative amyloid PET scan. This study was carried out with the 3
fluorine-labelled radiotracers to image amyloid pathology (flutemetamol, florbetapir and
florbetaben). It showed changes in the management strategy in 60.2% of MCI subjects and 63.5% of
subjects with dementia. The proportion of subjects with a diagnosis of AD increased from 80 to 96%
in subjects with positive PET AP results and, very importantly, decreased from 72 to 10% in subjects
with negative PET AP results. Moreover, PET imaging also had a strong impact on diagnostic

confidence, reducing uncertain diagnoses from 72 to 16 %.



Another study is that of Zwan et al (10), prospective and bicentric, carried out in 211 patients
suspected of dementia with an MMSE > 18 and an age < 70 years. Only flutemetamol was considered
in this study. Results were similar to the previous multicenter study with a change in patient
management in 37% of them, a diagnostic change in 19% and an increase in diagnostic confidence
from 69 to 88%. The strength of these two latest studies is their “real-life” integration to measure the
impact of adding an amyloid PET scan to patient care. A limitation is the lack of correlation with
biological biomarkers.

In France, two "real life" studies were carried out with florbetaben, another amyloid PET radiotracer.
These studies focused on the impact of the management of patients with suspected AD for whom
lumbar puncture was not available (contraindicated, not feasible or with non-contributory results)
(11) or only with results non-contributory (7). Findings of these studies were similar for changes in
patient management: respectively 39 and 19% of intention-to-treat treatment changes with
increases in diagnostic confidence among medical specialists. These two French studies have the
merit of having been carried out in populations targeted by the current approval from local
authorities.

The Review study by Barthel et al (12), confirms the clinical usefulness of amyloid imaging with an
average change in diagnosis in 29% of cases, with a gain in diagnostic confidence of 63%, an overall
change in care of 64% and a change in drug treatments of 38% on average. Moreover, a longitudinal
study recently showed that patients having beneficiated from an amyloid PET had lower risks of
institutionalization (10% vs. 21%), mortality rate (11% vs. 18%) and lower health-care costs in the
years after diagnosis compared to matched no-PET patients (13).

An important point is the comparison of CSF and imaging biomarkers for amyloid pathology. If the
concordance observed between the two biomarkers is good, about 85%, (14), there are discrepancies
observed between biology and imaging for the amyloid marker (15-17). Participants with a

CSF+/PET- amyloid profile are at an earlier clinical and biological stage of the disease and have a



better prognosis for at least 5 years than those with CSF+/PET+. In this sense, prognostic data from
amyloid PET are also to be expected from the ongoing multicenter AMYPAD study (18).

The international recommendations mention the use of amyloid PET in the clinical indications
indicated by the HAS (young and atypical forms of AD) (19) and those coming from the national
Centre Mémoire Ressources et Recherche (CMRR)- Société Frangaise de Médecine Nucléaire (SFMN)
coordination specify the use of PET amyloid in these indications (patients with atypical clinical
symptoms or typical symptoms of early onset dementia and lumbar puncture contraindicated, not
feasible or giving inconclusive results) (20).

More recent expert recommendations (21) proposed the search for amyloid pathology for suspicious
forms of atypical AD while highlighting the lower number of contraindications or adverse effects of
PET compared to lumbar puncture (including post-lumbar puncture headaches affecting up to 10% of
subjects), as well as a lower variability inter-center and inter-individual imaging biomarkers. In
addition, the amyloid PET imaging biomarkers allow visualization of lesion extension and location. In
any case, CSF and imaging biomarkers are complementary in the assessment of AD diagnosis, and
their respective role could be further discussed with the recent development of plasmatic
biomarkers for AD (22). The collaboration of nuclear medicine departments with its referent CMRR,
well-structured entities in France, is essential to facilitate the selection of patients who will mostly
benefit from the amyloid PET.

On the other hand, interesting perspectives are addressed with this current clinical authorization of
amyloid PET imaging. Early phase imaging of amyloid PET allows to estimate the perfusion neuronal
state and it has been showed to be comparable to that of metabolism at the single-subject level by
parametric analysis, particularly in the presence of a high neurodegeneration burden (23). These
findings could at term, replace a part of the investigations in neurodegenerative disorders covered by
18E-FDG PET. With the development of disease modifiers therapy in AD and the ageing of the
population, an increased number of patients might be addressed for such amyloid PET imaging

investigations. These potential increased number of amyloid PET scans expected in the next years



should nevertheless be contra-balanced with the cost of these radiotracers, insufficiently covered by
their reimbursement in France. However, development of cost-effective dedicated brain PET imaging
devices, with increased sensitivity allowed by detectors arrangement in a compact hemisphere, could
be a solution to the expected increase number of brain PET acquisitions needed (23). This potential
increase of brain PET investigations will also require the training of many nuclear medicine physicians
for the visual amyloid PET image interpretation. Some keys of visual interpretation are described in
the SNMMI/EANM guidelines for PET imaging, and the nuclear physician should be aware that
specific criteria for amyloid PET image interpretation may differ among amyloid PET radiotracers
(24). In the report, any areas in which cerebral cortical uptake is more intense than white matter
uptake should be noted. The nuclear physician should state clearly whether the scan demonstrates
moderate or frequent amyloid deposition in the cerebral cortex (positive result) or not (negative
result). Online training programs are currently available. Figure 1 depicts typical positive and negative
amyloid PET scans with flutemetamol. Some tools are currently developed for assisting nuclear
medicine physicians in their visual assessment by integrating automatic semi-quantification,
guantification possibly detecting earlier pathological deposition (25,26). In this line, the centiloid
scale, aiming at harmonizing quantitative measurements of amyloid PET imaging will be of great

interest value for trials evaluating different type of amyloid PET radiotracers (27).

As a conclusion, amyloid PET provides real added value, currently not covered in patients with an
atypical or mixed clinical presentation, in particular young patients (< 65 years old), when lumbar
puncture is contraindicated for medical reasons or not feasible for technical reasons.

In this context, the examination could be requested by clinicians who are experts in dementia
working in memory centers, after multidisciplinary consultation. Importantly, a negative amyloid PET
scan discards the diagnosis of AD and this information should be mentioned by the nuclear physician
in the report. By contrast, a positive amyloid PET scan cannot be by itself indicative of AD.

Furthermore, early phase imaging of amyloid PET allows to estimate the perfusion neuronal state,



increasing the diagnostic value of such PET radiotracer. Its role could be further developed in routine

care for the selection and monitoring of promising disease modifiers therapies.



Figure 1. Typical images of amyloid PET imaging. On the left part, a typical negative amyloid PET with
flutemetamol in a 69-years-old man. On the right part, a typical positive amyloid PET with

flutemetamol in a 78-years-old man.
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