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On June 7th, 2021, for the first time since 2003, a novel 
drug against Alzheimer’s disease (AD), aducanumab 
(Aduhelm™), has been approved in the USA by the Food 
and Drug Administration (FDA).

This event already has had a major impact, as shown by 
the storm of commentaries, both in favor and against it, in 
journals and social media before and after its disclosure. 
Its impact is linked to a number of factors: AD is a devas-
tating and incurable disease with a dramatic toll on both 
patients and their families; Aducanumab is the first approved 
drug that was tested for its ability to influence the course of 
the disease (disease-modifying drug) and not only to treat 

symptoms; the FDA decision was taken on the basis of two 
phase III trials with discordant results on clinical efficacy, 
which first were interrupted on the basis of a futility analy-
sis, but subsequently revived (for a detailed summary, see 
[1]); the FDA decision was strongly based on the amyloid-
clearing capacity of the drug, as shown by amyloid PET 
imaging.

The scientific and clinical community is cleaved in two 
fields: on the one hand, those who welcome this decision 
as a step in the right direction, finally offering a therapeutic 
option to patients and fostering research and development 
in this direction, and on the other hand, those considering 
this decision as driven mainly by expectations and lacking 
solid scientific evidence.
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The aim of this commentary is not to take one or the 
other position, but rather to highlight the impact and con-
sequences of this development for the nuclear medicine 
community.

The practical impact of this decision is still difficult to 
appreciate: the FDA approval was obtained under the accel-
erated approval pathway, which requires evidence to be col-
lected in a post-marketing trial that will have to be launched. 
The drug is also under evaluation by the European Medicinal 
Agency (EMA) and other national agencies and the debate 
will surely continue over the next months. Specific criteria 
for eligibility and monitoring will have to be defined and 
access to imaging and drug negotiated on a national basis.

We will focus here on two main aspects directly concern-
ing our clinical and research practice: (1) using amyloid PET 
imaging as eligibility criterion and anticipating the associ-
ated needs, and (2) evaluating amyloid PET readout changes 
as surrogate outcome measures in clinical trials.

The use of amyloid PET to select patients eligible for the 
treatment will be based on the well-characterized diagnostic 
performance of this approach [2]. Amyloid imaging has been 
extensively used in therapeutic trials of amyloid-targeting 
agents as inclusion criterion/sample enrichment tool. Its use 
was motivated by the evidence that trials solely based on 
clinical criteria had a high proportion (as high as 30%) of 
amyloid-negative subjects who, as such, did not possess the 
actual drug target [3].

The phase III aducanumab trials indeed included screen-
ing with amyloid PET as proof of amyloid positivity for sub-
jects to be eligible for the drug. Consequently, it is expected 
that this criterion will be maintained when the drug will 
be used clinically. This will surely represent an increase in 
amyloid PET prescription. While amyloid positivity can 
also be indirectly assessed by the dosage of amyloid and tau 
in the CSF, patients with contraindications or refusing the 
procedure, as well as in patients in which CSF results are 
inconclusive, represent a non-negligible proportion, up to 
30–35% of patients [4–6]. Furthermore, the added incremen-
tal diagnostic value of amyloid PET over CSF has been dem-
onstrated [7–9]. Finally, blood markers for amyloid and tau 
have seen a very promising development over the last years 
and have already fulfilled the first steps in view of a clinical 
validation. Thus, we might expect soon their introduction 
into clinical practice [10]. However, even when they will be 
available, it is most likely that a two-step procedure will be 
adopted, with a blood-based screening followed by a confir-
mation with a more accurate diagnostic strategy, presumably 
imaging, in an integrated diagnostic approach [11]. Finally, 
as the approval of the drug is based on the ability of the 
drug to reduce amyloid deposits, it might be expected that 
imaging, the only method allowing a measurement of brain 
amyloid load, will have a role in treatment monitoring. The 
costs of PET imaging are lower that the projected costs of 

the treatment. Thus, the use of PET as intermediate assess-
ment, if proven, could even be economically advantageous.

On the basis of these elements, the nuclear medicine 
community, including tracer providers and imaging sites, 
projects an increase in the need of the amyloid PET as high 
as 20-fold and will have to guarantee a timely access to the 
technology and to ensure proper training of a large number 
of nuclear medicine physicians.

The use of amyloid PET imaging as surrogate outcome 
measure of the effect of anti-AD drugs is a more complex 
matter and has been less explored. The main motivations 
for using a biomarker, such as PET imaging, as surrogate 
marker in therapeutic trials are as follows:

– the differentiation between disease-modifying and symp-
tomatic effects. While symptomatic effects remain the 
primary outcome measure of clinical trials, the assess-
ment of disease-modifying effects in a slowly progres-
sive process, such as neurodegeneration, is difficult to 
target solely on the basis of cognitive measures. Specific 
trial designs exist to address this question, such as the 
“delayed-start” design, but biomarkers, namely molec-
ular imaging biomarkers, have the advantage to show 
actual changes in pathology non-invasively.

– the quantitative nature of the test. Clinical/cognitive 
scales have a higher test/retest variability. Using more 
direct and quantitative measures of drug action could 
allow for increasing statistical power, thereby reducing 
sample sizes, with major economic advantages: indeed, 
despite the fact that PET imaging is per se a relatively 
expensive procedure, its costs are low as compared with 
the costs associated with the clinical trial of an experi-
mental drug.

A specific regulatory framework exists, summarizing the 
main requirements for the use of a biomarker for treatment 
monitoring and evaluation of outcome, focusing mainly on 
the association between biomarker and clinical outcome and 
between biomarker and pathophysiology [12]. As a treat-
ment biomarker, amyloid PET clearly fulfills the criterion of 
being associated with the pathological phenomenon targeted 
by the therapy and of being linked to its disease-modifying 
potential. This is while no direct correlation with the clinical 
outcome, which is the main outcome of the majority of the 
trials, is necessarily expected in the clinical disease phase, 
as—in the current view—pathological amyloid is not the 
major driver of symptoms.

Both EMA and FDA have recently published recommen-
dations for the use of biomarkers in clinical trials of treat-
ments targeting AD, setting the framework for the role that 
PET molecular imaging could play in this context [13, 14].

Both recommendations recognize a shift of the clinical 
trial design, rational, and strategies in AD in order to target 
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the earliest symptomatic or even preclinical stages. They 
also consider the major changes over the last decade in the 
diagnostic criteria adopted for the disease, providing an 
increasing place to the use of biomarkers [15, 16]

The FDA guidance draft, distributed in February 2018 
for comments, opened the way to consider pathophysiologi-
cal AD imaging markers as surrogate markers in two main 
cases: (1) in patients with “subtle detectable abnormalities 
on sensitive neuropsychological measures,” defined as stage 
2, for whom imaging could be a supportive marker for mar-
keting approval; (2) in stage 1 subjects, i.e., subjects with 
pathophysiologic changes of AD but no evidence of clinical 
impact, for whom biomarker changes could be the primary 
efficacy measure of the trial.

The EMA guideline supports the use of biomarkers in the 
different phases of drug development, namely for early phar-
macological and pharmacokinetic studies and exploratory 
trials, and their potential role as prognostic and predictive 
markers, or pharmacodynamics markers, i.e., for determina-
tion of biological effects of the drug. The EMA guideline 
however does not consider the use of biomarkers as outcome 
measures, not even in studies focusing on presymptomatic 
cases.

Amyloid PET has been evaluated in a number of recent 
clinical anti-amyloid drug testing trials as secondary out-
come measure. When considering published results, while 
many drugs showed no or only a slight reduction in amy-
loid load, as, e.g., bapineuzumab [17], solanezumab [18], 
or crenezumab [19], some more recently developed mol-
ecules have shown larger effects on amyloid load including 
aducanumab [20], donanemab [21], gantenerumab [22], and 
lecanemab [23].

These changes have been measured as changes in stand-
ardized uptake value ratios (SUVr) between a set of cortical 
regions and a reference region, often the cerebellum (or white 
matter), on static images acquired at fixed time points after 
injection. It is important to emphasize that a specific validation 
process is required when a PET tracer is introduced in a clini-
cal trial as treatment biomarker, even when this tracer is well 
known and characterized for its diagnostic properties. Indeed, 
the effects of the investigational drug on the tracer’s biodistri-
bution, namely on brain perfusion/whole body excretion and 
first pass extraction (blood–brain-barrier effects), should be 
accurately measured and taken into account when selecting the 
outcome parameter. SUVr is a biased measure for assessment 
of reduction of amyloid load after a pharmacotherapeutic inter-
vention, as it shows a “reduction” in amyloid load over time in 
AD patients that in fact is an artefact linked with the perfusion 
reduction in cortical areas that occurs in AD patients over time 
[24, 25]. This effect could be canceled out in a randomized trial 
if it is comparable in both active and placebo arms, but only if 
the experimental drug has no specific effect on perfusion and 
this requires specific validation. The added value of dynamic 

PET imaging in clinical trials to address these aspects has been 
explored previously [26, 27]. SUVr-independent methods and 
grading of amyloid PET results incorporating multiple metrics 
have been already tested in multi-center and multi-tracer stud-
ies [28]. As a viable compromise between longer scan times 
required for dynamic imaging and patient comfort, dual-time 
window protocols guarantying full-quality dynamic amyloid 
load readouts have recently been proposed [29, 30].

PET biomarkers are one of the key tools in the hands of the 
scientific community in the quest for the long-awaited effective 
therapies for AD. With the first disease-modifying drug for 
AD entering clinical practice, it is more important than ever 
to ensure that molecular imaging is ready to support patient 
evaluation. This requires a rigorous a priori validation to opti-
mize the information that can be provided.
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