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RHI: Repetitive head impacts

• RHI = RHI

• RHI include symptomatic concussions and the much more 

frequent non-concussive injuries – no universal definition

• Exposure to RHI is the primary risk factor for chronic 

traumatic encephalopathy (CTE) – more next



What is CTE?
“Punch Drunk” 

“Dementia Pugilistica”
1928

First reported by Harrison Martland in 1928 in boxers

Punch drunk. JAMA 91:1103–1107, 1928

"nearly one half of the fighters who have stayed in the game long enough” 

“Chronic Traumatic Encephalopathy “

Critchley M (1949) Punch-drunk syndromes: 

the chronic traumatic encephalopathy of boxers. 

In: Hommage à Clovis Vincent. Paris. 



THE PATHOGNOMONIC LESION

McKee et al.

Alosco et al 2020, Acta Neuropathologica



Stein et al 2015





• CTE = neuropathological diagnosis

• Problem: CTE can only be accurately diagnosed after 

death via brain examination

Current Challenges



Constellation of Symptoms
2021 NINDS TES Research Diagnostic Criteria 

Katz et al. 2021, Neurology

• Substantial exposure to RHI

• Cognitive Impairment: Episodic memory, executive function

• Neurobehavioral Dysregulation: Emotional dysregulation, 

explosiveness, impulsivity, rage, violent outbursts, short fuse

• Progressive course and not fully accounted for by another 

condition

• Not for use in clinic - research diagnostic criteria

• Developed without biomarkers



Phospho-tau

(neurofibrillary tangles)
Tau

(axonal damage)

Slide courtesy of 

Dr. Elaine Peskind
Amyloid A42 and A42:A40 ratio 



Tau PET and CTE

BU-UCSF collaborations



Tau PET Ligands

• First generation tau radiotracers include 18F-FDDNP, 18F-FTP, and others 

(11CPBB3, THK compounds)—developed to detect AD tau

• FTP has highest affinity to mixed 3R/4R tau in AD—approved by the FDA to 

detect p-tau in patients who have cognitive impairment due to AD

• FTP has low binding affinity to non-AD neurodegenerative diseases

• 18FMK-6240 and PI-2620 developed to improve binding selectivity and 

pharmacokinetics

Flortaucipir

(TAUVID)

Soleimani-Meigooni et al 2020



18F-Flortaucipir: Summary 

Stern et al 2019, NEJM

Lesman-Segev et al 2019, 

Neuroimage Clin

Su et al 2023, Alzheimers Dement



FIND-CTE: [18F]-MK-6240

• Objective: To determine the usefulness of MK-6240 as 

an in vivo biomarker for CTE

• NINDS-funded proof-of-concept R21: UCSF and BU 

ADRC collaboration



[18F]MK6240 in CTE
Alosco et al (2025), Molecular Neurodegeneration 

Courtesy of Milos Ikonomovic and Chet Mathis, University of Pittsburgh

• Six cases with CTE stage III

• 1 had a laminar pattern of MK ARG 

signal that corresponded to AT8-

immunoreactivity 

• Kd=2.0+/-0.9 nM, Bmax=97+/-24 nM, 

n=3 compared with AD Kd of 0.46 +/-

0.12 nM

Second generation tracer with improved imaging and 

binding properties



Methods

• 30 symptomatic (AD8=2+) former NFL players

• Same-age cognitively unimpaired males without TBI from 

the Wisconsin Registry for Alzheimer’s Prevention

• Enroll in UCSF or BU ADRC

• Complete amyloid (florbetapir) PET and tau (MK-6240) PET



Demographics Former NFL Players
N= 30

Controls
N=40

Age, mean (SD) years 58.9 (7.8) 65.7 (6.3)

Education, mean (SD) years 16.6 (1.8) 17.3 (3.0)

Sex, n (%) male 100 100

Race, n (%) Black

Black, n (%) 13 (43.3) 1 (2.5)

White, n (%) 17 (56.7) 39 (97.5)

Diagnosis 

Traumatic Encephalopathy Syndrome, n 
(%)

22 (73.3) --

Level of CTE certainty --

Suggestive, n (%) 5 (16.7) --

Possible, n (%) 6 (20.0) --

Probable, n (%) 11 (36.7) --

Cognitive Diagnosis 

Cognitively normal, n (%) 9 (30.0) 100

MCI Amnestic, single domain, n (%) 4 (13.3) 0

MCI Amnestic, multiple domains, n (%) 5 (16.7) 0

MCI Non-amnestic, single domain, n 
(%)

1 (3.3) 0

MCI Non-amnestic, multiple domains, n 
(%)

3 (10.0) 0

Cognitively impaired, not MCI, n (%) 3 (10.0) 0

Dementia, n (%) 5 (16.7) 0

Elevated 18F-Florbetapir, n (%) 0 1 (2.5)



Individual Level
Alosco et al (2025), Molecular Neurodegeneration 

N = 4

N = 7

N = 2

N = 16



MK-6240 

Tau PET in 

Alzheimer’s 

disease



Off Target Meningeal Binding

• Cortical binding complicated by contamination from 

off-target meningeal binding



Group Level

MK: Still not at  diagnostic level, but 

useful for MTL pathology detection



• We can now detect those small proteins in the blood

• Works great for Alzheimer’s disease

Can we detect CTE in the blood?

Morrison et al 2022, Brain



Miner et al (2024)

• 166 symptomatic former football players (45-75 years) compared 

with 51 asymptomatic unexposed men

• 17 football players amyloid PET elevated





BANK CTE

• Combines three critical elements needed to discover 

ways to detect and diagnose disease during life

Assess 

signs & 

symptoms

Biomarkers 

using practical 

methods

Validate against 

gold standard



Structural Magnetic 
Resonance Imaging

• Integral component of the clinical 

evaluation of neurodegenerative 

diseases. 

– Atrophy patterns support diagnosis 

and monitoring

– Atrophy rates serve as outcomes 

for large-scale multi-center clinical 

trials of disease-modifying 

therapies.



Representative Antemortem MRI Scans 
for Brain Donors with Autopsy-
Confirmed CTE Compared to 
Participants with Normal Cognition.

6.7X higher

More frontal atrophy
More temporal atrophy

More hippocampal atrophy



Co-Pathologies



RHI-WMH

Small, punctate 

lesions close to 

the folds of the 

brain



Location Susceptible to Head Trauma: RHI-
WMH

Miner et al., 2025



Amyloid PET: Best (negative) biomarker

• Age 45-74 and 17 of the 179 former college and professional 

football players had a Florbetapir SUVR of 1.10 or higher.

• 44 had MCI (2+), 18 had dementia (2+), and 70 with subjective 

concerns (9+)



Conclusions and More Questions

• Neuropsychology + biomarkers  = accurate diagnosis of AD/ADRD 

including CTE

• Substantial exposure + cognitive impairment + young onset + 

negative amyloid biomarker + frontotemporal atrophy = likely 

underlying CTE

– Game of exclusions

• Differences from AD and FTLD?

• Current tau tracers developed for Alzheimer’s disease might be able 

to detect high stage disease

– Limited diagnostic usefulness, however



Thank you

for further discussion, malosco@bu.edu

Funders (NINDS/NIA), participants, and 

families who participate in our research


