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“Early Days” Exploration of Molecular
Imaging in TBI and CTE:
Many Unsettled “Moving Parts”

Well-defined conditions (e.g., AD, FTD) vs relatively recently
identified conditions (e.g., CTE, PART)

Multiple structural pathologies (amyloidosis, tauopathy)

Well-characterized ligands (e.g., florbetapir) as well as new
ligands (e.g., T807/AV1451)

Range of time courses (e.g., acute, chronic) and severities
(e.g., mild repetitive, moderate-severe)

Clinicoradiological and clinicopathological correlation by
disease entity and eventually by patient (i.e., autopsy, available
In AD, not yet available in other tauopathies)



Amyloid PET ligands*

Pittsburgh Compound B
Florbetapir (AV-45)

Florbetaben
Flutemetamol

*All FDA approved
Reimbursed only in clinical trials

Tauopathy PET ligands

T807/AV1451
PBB3

Tohoku (THK) series



Amyloid imaging in acute TBI

« Despite pathology reports that most acute amyloid depositionis diffuse amyloid
that would be predicted to binds PiB only weakly, acute TBI imaging has

revealed PIB retention

« Verifiedin tissue slices by Menon

« PiB retention likely in moderate
to severe TBI with visible
contusions on MR

Boxer Post KO Amyloid Imaging Project - Amyloid imaging within | month of most recent LOC/KO - Amyloid im

aging within | month of most recent LOC/KO
(Jordan, Kostakogly, Stone, Dickstein. Gandy, unpublished observations)



Amyloid imaging in chronic TBI

« Definitely associated with severe TBI and poor outcome

« DP studies by Jordan et al JAMA 1997 suggests APOE genotype modulates
cognitive outcome; role here currently unknown (Role of APOE genotype
unknown (predict E4 more amyloidogenicthan E3 or E2)

« Kawali et al Brain Injury 2013 —
PiB retention in 3 out of 12 cases.
These 3 cases were most severely
Impaired

« Positive amyloid imaging may represent evolution to AD, though 50% of CTE
cases have amyloid deposits



Newly recognized tauopathy:
Primary aging-related tauopathy (PART)

CONSENSUS PAPER

Primary age-related tauopathy (PART): a common pathology
associated with human aging
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Il. Amygdala and Dorsal Midbrain: core regions in [F-18]FDDNP PET

MIDBRAIN AMYGDALA

specific for mTBI group
in [F-18]JFDDNP PET

[F-18]FDDNP DVR
parametric image

« Clinicoradiological correlation between FDDNP signal and tauopathy.

* Mesial temporal FDDNP c/w typical CTE but brainstem only positive
In very severe CTE.

Is brainstem FDDNP authentic tauopathy?
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» Retired 70 yr old former NFL
player with hundreds of
concussions.

. N
Substantia’
nigra

Globus
pallidus

« Memory disorder,
PSP-like exam.

* Mesial temporal T807 signal
appears authentic.

* Not clear clinical severity
sufficient for midbrain path.

« Striatum may be artifact or
may relate to CTE/PSP



Research Question:

Can we identify CTE and distinguish it from
AD using imaging and cognitive
assessment?

« Utilize both [*¥F]-Florbetapir and ['®F]-T807 PET imaging to investigate amyloid
and tau accumulation in subjects with a history of concussions.

« Neuropsychological assessment

« Cohort of subjects with a history of TBIs, mild cognitive impairmentand controls.




Case Study

« 39 year old retired NFL athlete
« 22 concussions
« Severe functional complaint

2011

Previously Collected Data Current Study
Nov 2010 June 2011 May 2015
Neuropsychological Testing
* Visuo-spatial memory
* Verbal reasoning
v v
* Verbal fluency
* Executive functioning
* Fine motor
* \Verbal memory
 Semantic Fluency
«  Working memory v
* Narrative memory
* Word Retrieval
Magnetic Resonance Imaging v v
Tau and Amyloid PET Imaging v




22 Concussions In 25 years

Games Played and Recorded Concussions by Year
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B Concussions

Number

Note: The last concussion from the 2009 season was incurred in 2010. The concussion
incurred in 1985 was due to falling from a tree, not from football.



Percentile

Neuropsychological Decline

Change in Percentile Over Time
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Word retrieval and narrative memory are
below average

Additional tests given in 2015
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= High Average

Percentile

Average
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Diffuse cortical thinning over time

Lateral:

» Broca’s area (pars
opercularis, pars triangularis)
» Lateral orbitofrontal gyrus

Percent change in cortical thickness from 2011 to 2015

LH « Temporal pole
* Inferior temporal gyrus
Medial:
» Medial orbitorfrontal gyrus
» Superior frontal gyrus
Positive (Thickening)
RH

Negative (Thinning)



Cortical thinning Is greatest in the
left frontal and temporal areas

Percent change in cortical thickness from 2011 to 2015

Positive (Thickening)

Negative (Thinning)




Subcortical volume decreases are
greatest Iin the basal ganglia

Percent Change in Subortical Volumes from 2011 to 2015
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Negative PET ['8F]-Florbetapir Scan

[18F] Florbetapir ADNI Scans
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Possible presence of diffuse Tau

detected via [18F]-T807 PET

[18F]-T807

[8F]THK-5351 PET images




Conclusions

Cortical thinning In left-lateralized medial frontal, Broca’'s
area and lateral temporal regions

Subcortical volume decreases greatest in basal ganglia
Amyloid negative, Tau positive (?)

Brain changes partially mirror behavioral impairments in
this case study

« But, how does this differ from normal aging?
« What is causing severe symptoms?



Summary: Tauopathy imaging in chronic
post TBI subjects

« Early days, cannot yet definitively state which tauopathy
Imaging signal is authentic

 Both FDDNP and T807/AV1451 yield signal from mesial
temporal lobe, brainstem, basal ganglia in CTE and other
non-AD tauopathies.

« Some recent T807/AV1451 subjects studied by Sinai and
UCSF groups reveal retention in white matter and at
grey-white junction, consistent with CTE pattern as
defined by 2015 NINDS CTE Consensus
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