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Brain PET in 2019:
The Established, the Almost-There

and the Future 



JPS has served as consultant to:
GE Health Care
Biospective
Optina Diagnostics (no money received; 
conjoint grants)

None of the above affects this presentation



Plan/Objectives

• The established: 
18F-FDG: old, but still going strong!/ A quick, brief, not long, short discussion to remember

that it’s still the best we have

• The almost there:
• Amyloid PET Imaging: good, work-in-progress/ Understand what it means to find 

plaques in the brain in order to define clinical indications
• Tau imaging/ Recognize that it’s great for research, and might also be for patients

• The future / Review some avenues that will keep us relevant



18FDG and NCD:
going back a
long way …



All neurodegenerative diseases affect
synaptic transmission early in their evolution

And at least initially, this happens with
a regionally recognizable pattern

18F-FDG PET imaging shows
• The presence or absence of synaptic dysfunction
• If present, its distribution can confirm the presence/absence 

of a neurodegenerative process and its nature
• However, the severity of a neurodegenerative condition

CANNOT be assessed with this technique (cognitive reserve)



Polymodal associative cortices are typically the first to be affected



EXCEPTIONS!!
• LBDs and visual cortex
• ALS and M1
• CJD (+ bilateral)
• Some CBD cases 

(+ unilateral)







And this holds for
AD variants,
PSP, 
MSA, 
CBD, 
PPA variants (semantic, non-fluent/agrammatical
logopenic, etc…)

Confirmed on 100s of thousands subjects

You already know all of this!!
Here, we’ll just review the

strenght of the evidence of FDG’s usefulness



NEVER make a Dx based only on this (or equivalent)!!!!! 

Just a pet peeve of mine before moving on …



Sensitivity and specificity are on 
the order of 75 to 95%, mostly

around 90% (including in studies
with

autopsy confirmation) 

So, does FDG PET work 
clinically?
Here’s a good review to
start answering this question:



In Canada:











PET vs SPECT









Still, those studies remain complex …

But they all showed significant savings when
18FDG PET is performed early!!!







And for a really up-to-date review of  18FDG PET:



My opinion (based on over 9000 cases) on what is generally justified?

• Diagnostic needs to be specified in order to determine 
therapy go/no-go (disease-appropriate, tolerable side effects, cost)

• Prognosis (personal/familial), in cases of minor or major NCD
of unknown etiology

• Prognosis in cases of subjective NCD in patients with a positive
family history of neurodegenerative disease, faced with
professional or life-style altering decisions

• Any case where a consultant can convince me that, although unusual,
the reason for the test is indeed valid

P.S.: one 18FDG dose in Quebec? From a few $100s to next to nothing…
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Amyloid ligands

It took a few decades,
but finally …



Ikonomovic et al, Brain (2008), 131, p 1630

Those ligands bind to …And show basically no binding to … 

(nor to bA oligomers, NFTs or other tau species, Lewy bodies, etc.)

THOSE, NOT PLAQUES, are the toxic entities in AD!!!



Amyloid ligands labeled with [18F]

[11C]PIB [18F]Flutemetamol [18F]Florpetabir [18F]Florbetaben [18F]NAV4694

Research Approved UE/FDA Approved UE/FDA
Approved 

UE/FDA
Phase 2

Other name GE-067 AV45 / AMIVID
BAY-94-9172, 

AV-1

[18F]NAV4694

Class Benzothiazole Benzothiazole Styrylpyridine Stilbene Benzothiazole

Affinity bA (Ki, nM) 0.9 0.7 2.2. 2.4 0.7

Metabolites 

in Plasma
Polar Polar Polar and non-polar

Polar and non-

polar
Polar

Typical Inject. Act.

(MBq)
250–450 250–450 300 300 300

Post IV Imaging

(min)
40–90 80–100 50–70 90–130 50-60

Structure

AD examples

Adapted from Herholz, Lancet Neurol 2011; 10: 667–70

And Canada!!

So far the best, but …











} Passage to
“significant”

levels



- Amyloid Imaging
=

No AD

(give or take 2%…)



10 NCI, 10 MiCI, 10 MaCI AD, Religious Order Study 

So, that’s good. But we really need more to have a home run …



- Amyloid Imaging
=

No AD …

But + Amyloid Imaging
=

AD
So, mixed results …



AFTER a 
non-conclusive 

FDG study!} 





BEFORE HC Approval! 



Research! Clinical!



Gil Rabinovici, MD



$2750!
10X + than FDG, a test which is very good!!





Aloysius AlzheimerAuguste D(eter)

Alzheimer A (1907) Über eine eigenartige Erkrankung der
Hirnrinde. Allg Zeitschr Psychiatr 64 :146–148

“About a
strange cortical 
disease”



Plaques NFTs



Classification of tauopathies

Secondary tauopathy

Secondary
tauopathies

NEVER!!!!!
AD-like











Tangle Predominant Senile Dementia = Limbic Variant of AD





Appropriate tools for measuring
tau levels in vivo are urgently
needed for clinical trials!
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Hey! Everybody does
it! Must have some
usefulness …







Remember:
Plaques are what we
can see, but NOT
the toxic form of 
amyloid:
Ab oligomers are!

We will need 
new tracers!!



18FDG is very good,
but there might 
be better.











But there is more than AD!



And we
want them all!!!
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Brain Cholinergic Alterations in 
Idiopathic REM Sleep Behaviour Disorder: 

A PET Imaging Study with 18F-FEOBV

Accepted 12/2018
Sleep

Background:
REM sleep behaviour disorder (RBD) occurs frequently in patients with synucleinopathies such as Parkinson’s disease, dementia with Lewy body, or multiple system 
atrophy, but may also occur as a prodromal stage of those diseases, and is termed idiopathic RBD (iRBD) when not accompanied by other symptoms. Cholinergic 
degeneration of the mesopontine nuclei have been described in synucleinopathies with or without RBD, but this has not yet been explored in iRBD. We sought to assess 
cholinergic neuronal integrity in iRBD using PET neuroimaging with the 18F-fluoroethoxybenzovesamicol (FEOBV).    
Methods: 
The sample included 10 participants evenly divided between healthy subjects and patients with iRBD. Polysomnography was recorded for one night in patients with iRBD. 
PET imaging with FEOBV was performed in all participants. Standardized uptake value ratios (SUVRs) were compared between the two groups using voxel wise t-tests. 
Non-parametric correlations were also computed in patients with iRBD between FEOBV uptake and muscle tonic and phasic activity during REM sleep.
Results:
Compared with healthy participants, significantly higher FEOBV uptakes were observed in patients with iRBD. The largest differences were observed in specific brainstem 
areas corresponding to the bulbar reticular formation, pontine coeruleus/subcoeruleus complex, tegmental periacqueductal grey, and mesopontine cholinergic nuclei. 
FEOBV uptake in iRBD was also higher than in controls in the ventromedial area of the thalamus, deep cerebellar nuclei, and some cortical territories including the 
paracentral lobule, anterior cingulate, and orbitofrontal cortex. Significant correlation was found between muscle activity during REM sleep, and SUVR increases in both 
the mesopontine area and paracentral cortex. 
Conclusion:
We showed here for the first time the brain cholinergic alterations in patients with iRBD. As opposed to the cholinergic depletion described previously in RBD associated 
with clinical Parkinson's disease, increased cholinergic innervation is found in multiple areas in iRBD. The most significant changes were observed in brainstem areas 
containing structures involved in the promotion of REM sleep and muscle atonia. This suggests that iRBD might be a clinical condition in which compensatory cholinergic 
upregulation in those areas occurs in association with the initial phases of a neurodegenerative process leading to a clinically observable synucleinopathy.



Glutamatergic Transmission

Orthostatic binding site: glutamate

CEREBL

DLPFC

PCC
ACC

OFC

PC

HIPP

Allosteric binding site: [11C]ABP688

Other “targetable” systems

message:%3cCAM92Ok69hyGMGj_QEoKWKwSQVGByWOnS46LAFr+kMwYYX=PMTw@mail.gmail.com%3e




But the competition 
never sleeps!! 







We can also use some help on the equipment side …









Et caetera!
(MRI, Plasma markers, CSF markers, …)



So, how will we do??

I don’t really know because
the data just isn’t available!

But I do believe that molecular imaging will do well
by providing specific identification
of diseases which will be needed

for personalized medicine purposes.



AMYLOID
TAU
NEURODEGENERATION
(including 18FDG)

No place for
symptoms!!!

Molecular
Imaging 
rules!!!
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Distribution RELATIVE  de la
radioactivité

Étude TEP-18F-FDG:
Données brutes

Le 18F-FDG se comporte
«comme» le glucose; il en découle que …

Échanges glutamatergiquesConsommation absolue de glucose



2017


