Prevalence of mixed pathologies In
dementia and movement disorders
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Clinical Syndromes:

Amyotrophic lateral sclerosis
Agyrophiliograin disease

Chronic traumatic encephalopathy
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Multiple system atrophy
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Frontotemporal degeneration
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How common are comorbid neurodegenerative disease
pathologies across diverse autopsy cohorts?
Do comorbid pathologies affect clinical phenotype?




Center for Neurodegenerative
Disease Brain Bank Autopsy Series

A Tertiary medical center (University of Pennsylvania)

A >1800 brain autopsy cases with frozen and fixed tissue

A/l aSa8 NBONMzZA USR FNRBY UKS
Disease and Movement Disorders Center, Penn FTD
Center, Penn Comprehensive ALS Center

A Current analysis includes study of12 CNS regions
using H&E and immunohistochemistry faamyloid,
phospheotau, " -synuclein phospheTDP43 performed
on everyregion.

A How common are comorbideuropathologiesicross
neurodegenerative disease conditions?
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A JOURNAL OF NEUROLOGY

Neurodegenerative disease concomitant

proteinopathies are prevalent, age-related
and APOE4-associated

A 766 autopsies individuals across the spectrum of
neurodegenerative diseases (from 2620016)

A AD (n=247)tauopathies(n=95),
synucleinopathie¢n=164), TD#H3
proteinopathies(n=188), minimal pathology
(n=72)

Robinson JL, et al., Brain 141: 2-P3D3, 2018



I -amyloid Pathology Across
Neurodegenerative Diseases
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Tau Pathology Across Disease Subtyp
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h -SynAcross Disease Subtypes
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TDR43 Across Disease Subtypes
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Comorbid Pathology in AD
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Comorbid Pathology in LBD

bLBD




Neuropathological and genetic correlates of survival and
dementia onset in synucleinopathies: a retrospective analysis

David ] Irwin, Murray Grossman, Daniel Weintraub, Howard I Hurtig, John E Duda, Sharon X Xie, Edward B Lee, Vivianna M Van Deerlin,
Oscar L Lopez, Julia K Kofler, Peter T Nelson, Gregory A Jicha, Randy Woltjer, Joseph F Quinn, Jeffery Kaye, James B Leverenz, Debby Tsuang,

Katelan Longfellow, Dora Yearout, Walter Kukull, C Dirk Keene, Thomas ] Montine, Cyrus P Zabetian, John Q Trojanowski
Lancet Neurol 2017 ; 16: 55-65

A AD pathology in Lewy body disease is
assoclated with:

more h -synpathology
shorter motor to dementia interval
shorter survival (disease duration)




Conclusions Part 1

A Comorbid pathologies are highly prevalent
across most neurodegenerative diseases

A Analysis does not include vascular pathology

A Potential selection bias given tertiary center
cohort

A Perhaps similar to a clinical trial population?

What is seen in other autopsy cohorts???



Comorbidities in ADNI
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A
A

Public/private, multinstitutional collaboration
Uniform data collection (neuroimaging,

piomarkers, etc.)

A Clinical trial population
A From 200520015, 45 autopsies from 78 deaths

(autopsy rate 58%)

A Nigel Cairns, M.D. (Washington University)



Comorbidities in ADNI

AD 14
AD +DLB

AD +TDP

AD +DLB + TDP

AD + DLB + TDP + AGD
AD +ALB + TDP

AD +AGD

AD + ALB
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AD + HS + TDP + AGD
AD +TDP + infarcts
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AD + DLB + AGD
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N=45
Franklin EE, et aAlzheimerdDement 11(7): 8122, 2015



Comorbidities in ADNI

mAD
mAD +DLB
mAD + TDP
mAD + DLB + TDP
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= AGD
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Autopsy Cohorts

V Specialized tertiary center autopsy cohort
V Multi-institutional research cohort

Perhaps not reflective of the general population?



Population Based
Neuropathology Cohort

A Religious Orders Study (1994)
A Rush Memory and Aging Project (1997)
A Julie A. Schneider, M.D. (Rush University)

A 3414 participants as of end of 2017

A 72.6% female, 88.2% ndratino white, 6.3% African American,
5.5% Latino, mean age 78.3 years, mean education 16.9 years

A Annual follow up rate >90 %

A Autopsy rate 87.7% (1506 out of 1717 deaths)

I 67.2%femal, 94.5% norLatino White, 89.1 years old, 16.9 years
education

I 31.0% normal cognition, 23.0% MCI, 41.4% AD dementia, 4.5% other
dementia



Comorbidities in ROSMAP

Probable AD
N =447

KapasiA, DeCarliC and Schneider JA. Acta Neuropathologica 13418812017



Cerebrovascular Disease and Risk fo
AD Dementia
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Probability of Alzheimer’s disease dementia

— No infarct or vessel pathology

— (ross infarcts

—— Gross infarcts and microinfarcts

— Gross infarcts, microinfarcts, and atherosclerosis

—— Gross infarcts, microinfarcts, atherosclerosis, and
arteriolosclerosis (all infarcts and vessel pathologies)

1 1 1 1 1 I
Summary measure of Alzheimer’s disease pathology

ArvanitakisZ et al., Lancet Neurology 15(9): 93413, 2016
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Schneider J.A., et al., Brain 135:3¢818 4, 2012



Hippocampal Sclerosis

Nag S., et al., Annals of Neurology 77(6)-9222015



Hippocampal Sclerosis and Risk for A
Dementia

=
D -
<
S
w X _
25
o
[ cox
o)
© %0
(@] o
©
RS
s v
o
o
Prd
= N —— AD + HS + TDP-43
o = —— AD + HS
o AD
e o
2 l | | T I T I
0.0 0.5 1.0 1.5 2.0 25 3.0

Global AD Pathology Score
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Combinatorial Neuropathology

A 1079 autopsy cases
A 236 different combinations of neuropathology

AD :
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Index for Common Neuropathologies

Boyle PA, et al., Ankeurol83(1):7483, 2018



Top 10 Combinations of Neuropathology

AD only 64 5.9
None 62 5.8
AD + CAA 41 3.8
AD+ CAA + TDP 26 2.4
Grosdnfarcts 24 2.2
Atherosclerosis 22 2.0
AD +TDP 18 1.7
TDPR43 only 17 1.6
AD+ atherosclerosis 17 1.6
Microinfarcts 16 1.5

n=1079

Boyle PA, et al., Andeurol83(1):7483, 2018



Cognitive Loss &leuropathologies

‘ TABLE 3. Proportions of Cognitive Loss Associated with Specific Neuropathologies

Neuropathology

AD

Gross infarcts

Cerebral amyloid angiopathy
TDP-43

Atherosclerosis
Arteriolosclerosis

Cortical Lewy bodies

Hippocampal sderosis

AD = Alzheimer disease; Q1 = lower quartile; Q3 = upper quartile; SD = standard deviadon.

No.

704
388
386
377
358
338
143
112

Mean

57.9%
28.8%
20.6%
30.5%
27.4%
27.5%
45.1%

28.1%

SD

19.9%
23.7%
19.0%
19.3%
23.1%
21.5%
17.2%
12.6%

Median

53.7%
20.1%
15.7%
23.8%
18.5%
19.8%
41.0%

24 9%

Q1

42.7%
16.1%
11.9%
20.5%
14.9%
15.8%
33.7%
21.3%

Q3

72.4%
27.6%
22.1%
34.1%
27.7%
28.1%
49.0%

28.9%

Boyle PA, et al., Ankeurol83(1):7483, 2018




Autopsy Cohorts

V Specialized tertiary center autopsy cohort
V Multi-institutional research cohort
V Communitybased cohort
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Comorbid Pathology in Genetic AD:
Dominantly Inherited Alzheimer Network

Table 3 Comorbidities in AD in ADNI and DIAN participants

Neuropathologic diagnoses LOAD (ADNI) ADAD (DIAN)
Primary Comorbidities' N# % N

AD +Comorbidity 33 100 22

AD None 14 424 11 50
AD DLB/ALB 14 42.4 11 50
AD TDP-43 7 21.2 0 0
AD AGD 6 18.2 0 0
AD Hippocampal sclerosis 2 6.1 0 0
AD Infarcts 1 3.0 0 0
AGD None 1 3.0 0 0

T More than one comorbidity may be present in a single case. ¥ One case had additional glioblastoma m
cases pending. ADNI, Alzheimer Disease Neuroimaging Initiative; DTAN, Dominantly Inherited Alzheimer T

50% of DIAN autopsies showed comorbid Lewy body dise

Cairns NJ et al., Neuropathology 35: 3®D, 2015



Comorbid LBD Across Genotypes

Table 4 Neuropathologic assessment of seven DIAN participants and 15 family members

Mutation P/F PMI Brain wt. Clin. Npath. Al B? C SYN?
(h) (2) Dx.' Dx. (AB) (NFT) (NP)
PSENI 1143T P 18 1330 AD AD +DLB 3 3 3 6
PSENI M146L P 38 1070 AD AD+DLB 3 3 3 6
PSENI H163R P 9 1130 AD AD 3 3 3 0
PSENI H163R F 4.5 1300 AD AD + ALB 3 3 3 ALB
PSENI H163R F 9 1490 AD AD 3 3 3 0
PSENI H163R F 6 1210 AD AD+DLB 3 3 3 6
PSENI G206A F na na AD AD 3 3 3 0
PSENI G206V P 15 1095 AD AD 3 3 3 0
PSENI G217R F 15 1040 AD AD +DLB 3 3 3 6
PSENI L226R F 16 1124 AD AD + ALB 3 3 3 ALB
PSENI 1229F P 23 1220 AD AD 3 3 3 0
PSENI 1229F P 245 1080 AD AD 3 3 3 0
PSENI 8290C F 60 1144 AD AD 3 3 3 0
PSENI C410Y F 21 1224 AD AD 3 3 1 0
PSENI A431E F 5 720 AD AD +DLB 3 3 3 6
PSENI T245p P 6.5 1050 AD AD +DLB 3 3 3 6
PSEN2 Al411 F 6 1100 AD AD + ALB 3 3 3 ALB
APP K6TONM6T1L F 6 1210 AD AD 3 3 3 0
APPVT1TI F 15 1150 AD AD 3 3 3 0
APPVT1TI F 26.5 1370 AD AD 3 3 3 0
APPVTITI F 10 1110 AD AD + ALB 3 3 3 ALB
APPVT1TI F na 980 AD AD + ALB 3 3 3 ALB
Mean TP15F 16.7 1150 AD (100%)
Range 4.5-60 720-1490 AD + DLB/ALB (50%)

Cairns NJ et al., Neuropathology 35: 3@D, 2015
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Duda JE et al., Acta Neuropathologica 1641,/72002.



