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DUAL-TIME-POINT
BRAIN PET IMAGING

Interview with Prof. Henryk Barthel.
Senior Physician at Department of Nuclear Medicine
University of Leipzig Medical Center



When a patient gets a PET scan, usually, the images are taken only after
a certain “uptake” waiting period. Can you explain how the radioactive
tracer distribution in the body and in the brain change over time from
the start of the injection to the end of the standard scan? Why do the
patients have to wait?

PROF. BARTHEL  The radioactive tracer is injected intravenously and travels through
the blood flow to reach the brain. The first delivery of the tracer to the brain occurs when
it reaches the blood vessels in the brain tissue. The tracer then needs to transfer from the
blood vessels into the brain tissue, which can take different amounts of time depending
on the specific tracer being used. In order to achieve a steady state where the tracer has
evenly distributed throughout the brain, patients typically have to wait for a certain
period of time after the injection. The length of the waiting period varies depending on
the tracer being used. This waiting "uptake" phase in amyloid PET tracers requires pa-
tients to wait 50—90 minutes.

Could you explain what dynamic PET scanning
in combination with kinetic modeling means?

PROF. BARTHEL Dynamic PET scanning in combination with kinetic modeling involves
injecting a tracer into the patient directly on the PET scanner and starting the scan
immediately. In the brain case, the PET scanner then acquires several so-called dynamic
frames of the brain over time, which are used for kinetic modeling. The goal of kinetic
modeling is to quantify the PET readout absolutely. For instance, in the case of amyloid
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imaging, kinetic modeling goal is to provide an absolute number on the concentration of
amyloid plaques in the brain. To achieve this, dynamic PET scans are required, as well as
the measurement of a time activity curve of the tracer in an artery — the so-called input
function.

What measurements, beside a dynamic scan, are needed
to perform a full kinetic modeling of the patient?

PROF. BARTHEL In addition to a dynamic scan, arterial blood activity samples are
usually required for the input curve to perform a full kinetic modeling of the patient.

Could you explain what do kinetic modeling parameters
of K1 perfusion and R1 relative delivery mean?

PROF. BARTHEL Kinetic modeling can provide various parameters on tracer behavior
in the brain, including transfer parameters between different compartments in a compart-
ment model and information on blood flow. K1 and R1 are two such parameters that

provide insight into the perfusion and relative delivery of the tracer in the brain, respectively.

If a PET-scan is done in the early phase, right at the start
of the injection, what would you see?

PROF. BARTHEL In case of amyloid tracers, for instance, early-phase PET images
obtained immediately after tracer injection are directly related to the blood flow within the

brain. Therefore, often, these images show how different regions of the brain are perfused.
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What is cerebral perfusion, regional cerebral blood flow (rCBF)
and how does it relate to metabolism in the brain?

PROF. BARTHEL  Thisis an important and if not decisive question, because we are in
the lucky situation that in the brain blood flow and metabolism/neuronal activity are
closely coupled to each other. Cerebral perfusion refers to the blood flow in the brain,
which is closely related to the metabolic activity of the neurons. Regional cerebral blood
flow (rCBF) is a measure of the blood flow in a specific area of the brain. By measuring
rCBF, again, we can estimate the neuronal activity in that area, as blood flow and metab-
olism are closely coupled. The early phase image therefore allows us to get an image that
is similar to FDG tracer (metabolism/neuronal damage) images.

In the context of dementia biomarkers, is there additional value/
no additional value in letting one patient be tested for multiple
PET-biomarkers, say, one FDG PET neuronal injury biomarker,

in addition to an amyloid PET biomarker?

PROF. BARTHEL Yes, in many degenerative disorders, both FDG imaging and specific
pathology imaging have diagnostic value. A combination of amyloid PET/tau PET and
FDG PET, can provide both specific pathology information and neurodegeneration infor-
mation, which helps to stratify patients. For example, different types of dementia can
have the same amyloid pathology but different patterns of neurodegeneration, which can
be also used to distinguish these types.

If multiple tracer measurements could be useful, could one perform
those in a sequential way, one after another with a certain time
in between? What would be problems with this approach?

PROF. BARTHEL While it is possible to perform sequential tracer measurements, such
an approach would require the patient to undergo multiple imaging sessions, which may
be tricky for the patients. Additionally, this would increase radiation exposure and require
more staff and more PET system availability.

If multiple tracer measurements could be useful, could one perform
those in a dynamic scan with staggered injection approach?
What would be problems with this approach?

PROF. BARTHEL | don't think it's feasible with PET to perform multiple tracer meas-
urements in a dynamic scan with staggered injection approach as | don't see how a PET
scanner would discriminate between different tracers.
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If it would be valuable to get the full model tissue parameters

(K1, R1, etc.) from a full dynamic scan + auxiliary measurements, is this
done in the clinical routine today? Is it done for biotech/pharma studies
today to select patients or to perform follow-ups? If not, why not?

PROF. BARTHEL  The standard practice is to use dynamic scanning with kinetic
modeling only in first-in-human clinical testing of novel tracers to fully understand tracer
properties. Easier imaging protocols based on static images are then developed for
research and clinical routine use. However, there is a debate on whether static images
are sufficient to monitor drug effects, and some patients may require dynamic imaging
protocols to answer certain questions. Currently, dynamic imaging is not done routinely in
clinical practice.

Would you think full dynamic scanning with kinetic modeling
would be good in the clinical practice? Would you think it will
become clinical practice in the future?

PROF. BARTHEL It does look like full dynamic scanning with kinetic modeling is
currently not practical for clinical practice due to its demanding nature on the patient,
staff, and time. It is unlikely to become a clinical routine approach in the near future.

Can you describe the idea behind the “dual-time-point”,
“coffee break” or “dual-time-window"” PET imaging method?

PROF. BARTHEL The "dual-time-point”, "coffee break” or "dual-time-window" PET
imaging method involves acquiring an early scan after tracer injection and a late scan.
These two scans can then be used separately as an early perfusion image and a steady
state image or be interpolated to obtain an interpolated dynamic scan for analysis using
kinetic modeling. These methods have been shown to work well for several tracers, includ-
ing amyloid tracers and others.

What are the benefits and what are the drawbacks of the
dual-time-point method for the clinical routine and trials when
compared to full dynamic scanning and the dual tracer method?

PROF. BARTHEL  Our research shows that the dual-time-point method works well in
the clinic and can replace separate FDG scanning for amyloid and tau imaging (Tiepolt et
al., 2016; Florek et al., 2018; Tiepolt et al., 2019). We are convinced and our neurologists

are also convinced. However, the method is not widely accepted in the community be-
yond neuro-PET researchers and needs to be proven with higher level evidence such as
multi-center and prospective studies to convince others and authorities for use in wider
routine and in clinical trials.
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Additionally, there may a biological limitation to the dual-time-point method. For exam-
ple, in the healthy brain, blood flow and neuronal activity / metabolism are tightly cou-
pled, through the so-called neurovascular coupling. However, this coupling may be dis-
turbed in some diseases, such as stroke. That said, in the neurodegenerative diseases
that we are studying, such as Alzheimer's and Parkinsonian syndromes, this coupling
holds, and the dual-time-point method can be used. There, for us, it is a valuable tool for
clinical diagnosis and research.

Is the dual-time-point method useful in the diagnosis
of dementias? What extra-information do you get
in this way, that would be difficult to get otherwise?

PROF. BARTHEL  The prime example is: Imagine a patient is referred to our depart-
ment for PET scan. A patient with dementia. He or she suffers from cognitive symptoms,
which might be severe so that they affect their daily activities. Now the question is, what
is the actual underlying disorder?

With the dual-time-point method for the diagnosis of dementias we get extra information
that would be difficult to obtain otherwise. For instance, in situations where amyloid load
is positive, but the diagnosis is not clear based on amyloid alone, an early after adminis-
tration blood flow image from the dual time point scanning gives additional information
about neurodegeneration, aiding in differential diagnosis. This can help differentiate
between different types of dementiaq, such as Alzheimer's, Lewy body dementia, and a
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Figure 1

In a dual time point PET scan, one exploits the dynamic behavior of tracers. In many, e.g. amyloid, tracers a PET image of 10 minutes at
from the start of the injection will give an image which is showing the perfusion of the tracers, which is usually coupled to brain metabo-
lism. The late scan in contrast shows the usual clinical routine image. Adapted from: V. Garibotto, "FDG and Amyloid PET in Dementia”,
2021 SGNM series Swiss Hybrid Imaging
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certain subtype of frontotemporal dementia, which all have different appearances on the
blood flow images.

Do you use the dual-time-point method in your clinical routine?
Do you use the method in clinical studies?
Do you know of other centers that use the method?

PROF. BARTHEL  The dual-time-point method is standard routine practice in our clinic
where it is used for amyloid and tau imaging. It is not yet used in all the clinical trials due
to the previously discussed need for more prospective multi-center studies to establish its
effectiveness there. | know of several other centers who routinely use this method al-
ready, and | believe it is part of the data collection in the ADNI/AIBL study. We have
established it in our center and the method is found to be helpful and demanded by our
neurologists for better diagnostic accuracy. They want to see these images and they also
demand that we put it in our reports. Overall, the method is already established in several
centers such as ours here in Leipzig and gaining acceptance in other centers.

If you had a compact brain PET-only system like NeuroLF, could

you imagine performing the dual-time-point method with such

a PET system placed directly in the tracer administration room?

How would this impact the clinical workflow, compared to how

you would have to do it today? Would there be benefits/drawbacks?

PROF. BARTHEL Using a compact brain PET-only system like NeuroLF in the tracer
administration room would have a positive impact on the clinical workflow in dual-time-
point scanning. It would eliminate the need for patients to be transferred to the scanner
room twice, making the procedure more efficient and convenient for staff and patients.
This would also free up time for other patients to be scanned, as the interleave schedul-
ing of patients would no longer be necessary, which can get tricky. Overall, again, a
dedicated scanner in or close to the injection room would be a great improvement for this
clinical workflow.

Some authors say (Joseph-Mathurin et al., 2018; Bilgel et al., 2020),
that, when trying to extract the maximum information out of one tracer
injection, the kinetic modelling parameters (in particular R1) are better
than the early phase images from a dual-time-point PET measurement
as indicator of perfusion and as biomarker for neuronal injury. Would
you agree? Would those be better suited for clinical practice or clinical
studies, than a single early phase dual-time-point PET image?

PROF. BARTHEL Full dynamic imaging with kinetic modeling is considered the gold
standard for extracting maximum information from a tracer injection. However, it is not
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feasible for most clinical situations due to the time and resources required. In contrast,
simpler early phase dual-time-point PET images are more suitable for clinical practice and
studies, as they provide a good indicator of perfusion and biomarkers for neuronal injury.
So, while kinetic modeling may provide gold-standard results, practical considerations
make early phase images a more viable option for clinical work.

In the literature, following authors (among others) have also tested
the dual-time-point method on a variety of tracers, including claimed
successes with:

> Amyloid tracers such as [11C]Pittsburgh compound B
(Joseph-Mathurin et al., 2018; Fu et al., 2014;
Rostomian et al., 2011),

[18F]Florbetaben (Bullich et al., 2018;
Daerr et al., 2017, Heeman et al., 2019;
Tiepolt et al., 2016),

[18F]Florbetapir (Albano et al., 2021),
[18F]Flutemetamol (An et al., 2021),
[18F]Florapronal (Jeong et al., 2019)

> Tumor hypoxia tracer [18F]FMISO
(Grkovski et al., 2017)

> Tau tracers [18FITHK5317
(Rodriguez-Vieitez et al., 2017),
[18FITHK5351 (Brendel et al., 2017),
[18F]IPI-2620 (Beyer et al., 2020)

> Astrocyte tracer [11CIDED
(Rodriguez-Vieitez et al., 2016)

> Parkinsonism tracer [18F]FP-CIT
(An et al., 2021)

The method seems quite generic for multiple tracers —
Would you agree? Why is that? What parameter is
important in a tracer, so that it works?

PROF. BARTHEL  As you mentioned, the dual-time-point PET method has been tested
on a variety of tracers, including amyloid, tumor hypoxia, tau, astrocyte, and parkinson-
ism tracers, among others. This suggests that yes, the method is quite generic and can be
applied to multiple tracers, including all the tau and amyloid tracers that we use.

The success of the method depends on the lipophilicity of the tracer and a parameter
called the extraction fraction, which differs between different tracers. The extraction
fraction is the fraction of the tracer that is extracted into the brain during the first pass
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with the blood flow. If a tracer is lipophilic and has a high extraction fraction, then the
early images give you signal dependent on the blood flow and provide you with a cerebral
perfusion image. On the other hand, if a tracer has a low extraction fraction and/or low
lipophilicity, this method will not work. This may be the case if e.g. a tracer is not capable
of quickly passing the blood-brain barrier, which means that the early images would not
be a function of blood flow and the method would not work. Therefore, it is crucial to
consider lipophilicity/extraction fraction when selecting a tracer for use with the dual-
time-point PET method.

Lipophilicity/extraction fractions are usually published for tracers, so researchers can look
them up and decide whether this approach is suitable for their desired tracer.

Would you see other clinical application for the
dual-time-point method, besides the mentioned
application in diagnosis of Alzheimer's disease?

PROF. BARTHEL Absolutely! The dual-time-point method has potential clinical appli-
cations beyond dementia diagnosis, for instance in simultaneous dopamine + blood
flow / neuronal damage imaging in Parkinsonian syndrome or in the simultaneous amino
acid + blood flow/neuronal damage imaging for the grading of brain tumors. Other
interesting applications include simultaneous hypoxia (e.g. MISO) imaging + blood

flow/ neuronal damage imaging. Epilepsy patients could benefit from dual time point PET
scanning as well, when investigating simultaneously synaptic density + blood flow/ neu-
ronal damage imaging. Neuroinflammation is also an area of interest for the dual time
point method.

In general, for many of the new tracer developments it would be exciting to see the
combination of a late steady state image together with a potential early phase blood
flow image.

Several authors have published the desire (Peretti et al., 2019 (a);
Peretti et al., 2019 (b); Bilgel et al., 2020) to establish more
quantification with full dynamic scanning and kinetic modeling

in the clinical practice. In dual-time-point/window protocols,

one acquires with a time gap that misses data, when compared
to a full dynamic scan. In theory, from the two dual-time-point
measurements (early phase and later regular steady state phase),
would it be possible to interpolate the missing data in-between,
to allow for a non-invasive and simplified, yet full quantification?

PROF. BARTHEL Yes, we have studied this and found it is possible to interpolate the
missing data between the two dual-time-point measurements to achieve interpolated
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dynamic data. This adds some processing steps and assumptions, but we have done this
and seen good results in a subsequent analysis using kinetic modeling.

One might in several tracers even get around the need for an arterial blood-based time
activity curve, including in many amyloid traces and tau traces. There, it is sufficient to
derive a time activity curve directly from certain reference brain areas, like in the cerebel-
lum, which are generally not affected by the pathology. The tracer uptake information
over time in that reference region can be used as input function, which then can be
applied for kinetic modeling.

Would you recommend the dual-time-point protocol

to other large centers of neuro-nuclear medicine like yours?
Would you recommend it to smaller scale centers

of nuclear medicine?

PROF. BARTHEL Absolutely, | recommend the dual-time-point protocol to both large
and smaller centers of neuro-nuclear medicine. However, smaller centers may need to
address issues related to reimbursement. It's important that we now try to provide higher
level evidence for this concept through multi-center prospective studies and enter discus-
sions with reimbursement entities to make a compelling case for dual-time-point imaging.
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REVOLUTIONIZING d POSITRIGO
BRAIN PET IMAGING IMAGING EVERYONE

e Alzheimer's disease is a worldwide problem
for which proper diagnosis is critical to offer individualized treatment.

e Positron Emission Tomography (PET) is considered the gold standard
to diagnose Alzheimer's disease but today's PET devices
are large and expensive preventing its broad availability.

e Positrigo's NeuroLF® brain PET scanner is small and offers
an unmet price-value proposition to allow for wide adoption
and application.

* Beside a significant initial addressable market, future NeuroLF®
applications will allow for attractive revenue growth.

ABOUT POSITRIGO

Positrigo is a pioneer in nuclear medical imaging technologies. Headquartered in Zurich,
Switzerland, the medical device company was founded in 2018 as a spin-off of ETH Zurich.
Positrigo’s technology, development, clinical testing and commercialization has been
supported by various private investors, the Swiss government and the European Inno-
vation Council.

NeuroLF® —the company's first device — is an ultra-compact brain Positron Emission
Tomography (PET) scanner which has applications in the assessment of causes of
dementias, such as Alzheimer's disease and other brain related disorders.

Learn more at www.positrigo.com
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