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A new era of AD therapeutics: Anti-
amyloid therapies
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Modest clinical benefit despite robust
amyloid clearance
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Heterogeneity in Alzheimer’s Disease

» Cognitive and behavioral symptoms
* (e.g. memory, language, depression, anxiety)

 Pattern of AD-related pathology

» Age of onset

« Rate of progression

* Presence of co-pathologies (e.g. vascular disease, other proteinopathies)
* Presence of other medical conditions (e.g. diabetes, heart disease)

+ Differences in resilience or vulnerability

» Social and structural determinants of health (e.g. education, stress, assess
to healthcare)
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Mixed Pathologies is the Norm for AD

Pathology Confirmed AD ~65% AD+OD
N =201

LATE-NC

Robinson et al., Brain, 2018
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Why not a bigger effect with anti-amyloid
Immune therapies?

IE‘ CDR-SB in low/medium tau population TABLE 3. Fractions of Alzheimer's Dementia Cases Attri
Neuropathalogical indices N_est Fraction % (95% CI)

ithological Indices

NIA-Reagan pachological AD 302.22 2109.78 40.97 (32.70-49.46)
Donanemab Macroscopic infarcts 46632 49.68 8.92 (4.40-13.67)
Lewy bodies 456.96 55.04 10.75 (7.34-14.22)
Hippocampal sclerosis 85,16 26.84 5.24 (3.12-7.43)
TDP-43 pathology 452.26 59.74 1167 (6.99-16.46)

Placebo Cerebral amyloid angiopathy 470,51 4149 8.10 (3.46-12.83)
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Why should we care about detecting
LATE-NC clinically?

» Growing awareness that TDP-43 is an important modulator of late-life
cognitive decline
» Recognition accelerated by reification of Limbic-Predominant Age-Related TDP-43
Encephalopathy (LATE) consensus workgroup report (Nelson et al., Brain 2019)
» With increased awareness, comes increased recognition of patients with
clinical syndromes suggestive of LATE

» Importance amplified by emergence of disease-modifying medicines
targeting AD biology heralding precision medicine era

* LATE and AD have similar clinical features; in those without AD (amyloid PET
negative), many will have LATE

» LATE frequently co-occurs with AD; impact on outcomes with these therapies?

TDP-43 is common in older age and with
AD - a Iondg history

» Dennis Dickson and colleagues reported in 1994 that hippocampal sclerosis (HS) is
common in absence of AD in those over 80 (26%)
* Noted that “in some patients memory disturbance was disproportionate to deficits in other cognitive areas”
» TDP-43 defined as major component of inclusions in FTLD-ALS (Neuman, ...Trojanowski,
Lee, Science, 2006; Arai et al., Biochem Biophys Research Comm, 2006)
» TDP-43 found to be common in hippocampal sclerosis of aging and AD (Amador-Ortiz,
...Dickson, Annals of Neurology, 2007)

Dickson et al., ACTA Neuropathologica, 1994




TDP-43 is common in older age and with
AD - along history

» TDP-43 and AD independently associated with hippocampal structure
and memory decline (Josephs et al., ACTA Neuropathologica, 2014)

« Common in absence of AD in older individuals (>80 yo; ~1/3') and
associated with memory deficits (Nag et al., Neurology, 2017)

» Associated with limbic structures

» Staging schemes developed (Josephs et al., ACTA Neuropathologica, 2016; Nag et
al., ACTA Neuropathologica Communications, 2018)
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#Penn

Research Center

11

LATE Neuropathologic Change (LATE-NC)

Acta Neuropathologica (2023) 145:159-173
https://dol.org/10.1007/500401-022-02524-2

ORIGINAL PAPER
REVIEW
Limbic-predominant age-related TDP-43

3 LATE-NC staging in routine neuropathologic diagnosis: an update
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Simplified staging of TOP43

proteinopathy” for routine LATENG | JotePhs TDP-&3
is

proteinopathy
(KA Josephs et al, 2013)

staging | Rush University TDP-43 proteinopathy staging

(S Nag etal, 2017)
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*-Any TOP-43 proteinopathy is seen in that anatomic region

Staging and localization of TDP-43
provide clues of expected associated
symptoms
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With definition, LATE begins to be considered
In differential diagnosis in the clinic

* Retired engineer in early 80’s with forgetfulness
» Grand-son made high school hockey team; next day he forgot
» Keeps more notes for reminders
» Mild inefficiencies with finances, otherwise IADLs ok
* No change in personality or language complaints

+ Cognitive testing
+ MMSE 30/30
* Borderline memory performance

% Alzheimer’s Discase
) Penn Research Center

Alzheimer’s Disease
% Penn Research Center




Slow progression

Psychometrics

Y1 Y2 Y3 Y4 Yé Y7
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Diagnosed with AD Year 3; Amyloid PET Y5

Most likely etiology changed from AD to LATE
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Autopsy (died 10 years after presentation)

* Limbic-predominant Age-related
TDP-43 Encephalopathy (LATE-
NC) Stage 3

» Hippocampal sclerosis

* Low level (barely) of Alzheimer’s
Disease Neuropathologic
Change (ADNC; Al, B1, CO0)

% Alzheimer’s Discase
) Penn Research Center

Case

« 78 year old woman with arthritis, prior hysterectomy for uterine
cancer, and depression

» Several years of memory loss

» Misplacing things, forgetting where she parked, difficulty
remembering events

* Increased difficulty using the computer
* Increased stress; struggles more with decisions

Alzheimer’s Disease
% Penn Research Center




Amnestic syndrome
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Initial MRI

Alzheimer’s Disease
&Penn

Research Center

20

10



Very slow decline

Psychometrics 9 Years Later
« Memory poor, but stable

 Some decrease in attention
and motivation

« Disinhibition — says negative
things about people while in
the same room

v e s * Diagnosis: Alzheimer’s

MMSE WL Delayed Recall Dl sease
Animal —Trails B (LN)

Alzheimer’s Discase
&Penn

Research Center

10 years after initial scan
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Not consistent with AD

Neuropath Diagnosis #1 =
LATE-NC Stage 2

Neuropath Diagnosis #2 =
Primary Age-related Tauopathy
(PART)

Neuropath Diagnosis #3 =
Lewy body disease, amygdala-

predominant
Hippocampus ~20x
1D3 antibody stains TDP-43

Alzheimer’s Discase
&Penn e

Research Center
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LATE produces a primarily amnestic
syndrome

. LATE NC is primary pathology
Slower course than Alzheimer’s
Disease
Relatively isolated episodic memory
decline (as opposed to typical AD
which is often more multi-domain)
Involvement of semantic memory
variable, but often mildly involved
(Nag et al. ACTA Neuropath Comm,
2018)

» ? Neurobehavioral associations (Liu
et al, Brain, 2020), but clearly less
so than FTD-spectrum

Kapasi et al., Neurology, 2020 %Penn Alzheimer’s Disease

Research Center
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LATE-NC with versus without Hippocampal

Sclerosis associated with more significant
cognitive declme

A. AD pa(hclogy
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C. TDP-43 pathology
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Cortical pattern of atrophy matches
distribution of TDP-43

Josephs TDP-43 proteinopathy staging | Rush University TDP-43 proteinopathy staging
(KA Josephs et al, 2013) (S Nag etal, 2017)
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TDP-43 pathology of LATE resembles
TDP-43 Type A

FTLD-TDP

Grossman et al., Nature Reviews Disease Primers, 2023

Alzheimer’s Discase
%Penn Research Center
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Anatomic topography overlaps significantly

with TDP-43 Type C

BA 20, 35, 36

Mesulam et al., Annals Neurology, 2023

Initial Peak Atrophy Sites:
Possibly at Pre-Clinical Stages

Additional Atrophy Sites:
Early Symptomatic Stages

Additional Peak Atrophy Sites:
Moderate Symptomatic Stages

O

Alzheimer’s Disease
%Penn Research Center
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Anatomic topography overlaps significantly
with TDR,

Initial Peak Atrophy Sites:
Possibly at Pre-Clinical Stages

Additional Atrophy Sites:
Early Symptomatic Stages

Additional Peak Atrophy Sites:
Moderate Symptomatic Stages

Clinically defined
LATE

Mesulam et al., Annals Neurology, 2023 %penn Alzheimer’s Discase
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LATE-NC with or without ADNC is associated with
smaller hippocampal volume than ADNC alone

Hippocampal volume

AD+LATE
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Lower range of hippo
volume in AD is
enriched in
AD+LATE

Combination of neuropathologies
(in the order of AD, TDP/HS, vessel diseases)

Yu et al., Neurology, 2020; Josephs et al

., Lancet Neuro, 2017 %Penn Alzheimer’s Disease

Research Center
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Pattern of MTL atrophy may
differentiate AD with versus without

TDP-43 pathology

+ 89 individuals with Alzheimer’s Disease pathology and antemortem T1-MRI
» TDP43 correlated most strongly with aHipp and ERC
* NFTs correlated most strongly with pHipp

Relationship between neuropathology Discrimination of TDP-43 positive

and antemortem medial temporal lobe measures versus TDP-43 negative AD patients X
Py Robin de Flores, PhD

TDP-43

aHipp/PHC: AUC = 0.84
(95% CI: 0.72 — 0.97)

: SN =R C/PHC: AUC = 0.82
. (95% CI: 0.70 - 0.93)

| _EEEN BT

Alzheimer’s Disease

F‘?Er.l\%?mory] .9?'3:“? De Flores et al., Alz & Dementia, 2020 » Penn
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FDG PET signature of LATE-NC

Mayo Autopsy-confirmed

; AD-like

‘% 3 N . Clinical AD patients

3 5\% "‘5 <Y | 6‘ ™ £ 4 with LATE-NC-like
e & ‘ pattern

S & Less abnormal
!‘@ A& & ﬁ‘k AD molecular
(B) LATE-NC-like biomarkers
i * Less ApoE4
+ Higher rate of
LATE-NC vs AD . g TMEMZ106B risk
‘ < - g allele

ADNI Autopsy-confirmed P !5

Inferior to Medial Temporal Ratio AUC ~0.85

Botha et al., Brain, 2018; Grothe et al., Alz & Dementia, 2023 3 Penn Alzheimer’s Disease

Research Center
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» ~1/2 with severe AD pathology

LATE-NC most commonly co-occurs with
AD (>1/3) and is associated with an
accelerated global cognitive decline

LATE-NC Positivity and CERAD neuritic amyloid
100 plaque scores

80

based autopsy cohorts
* N=6,251 °
o AVg age of death = 88.0 No LATE-NC m LATE-NC
S

ta [ 1 J
13 community- or population- Pa ' i l '

LATE-NC Positivity and Braak NFT Stages

also have LATE-NC!

Mo LATE-NC m LATE-NC

Nelson et al, ACTA Neuropath, 2022; Kapasi et al., Neurology, 2020; Josephs et al., Lancet %P Alzheimer’s Disease
Neuro, 2017 - enn Research Center
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»

MTL tau rating in AD+LATE+ vs. AD+LATE-

group
B 4D +LATE-
2 AD+LATE+

intermediate ADNC

\TE-NC

AUC=071"

High ADNC vs. no-i

9
2
a
E

§

Data from 202 autopsies at Penn ADRC with diagnosis
of
intermediate/high ADNC (excluding FTLD, non-AD
tauopathies)

‘Odds ratio of LATE-NC

Moderate-severe B-ASC vs, non

LATE+: LATE-NC stage 2 or 3 (n=38)
LATE-: LATE-NC stage 0 or 1 (n=168)

605
# Unadjusted & Adjusted for sex and APOE

Nelson et al., Journal of Neuropath and Exp Neuro, 2024; Yushkevich et al., Alzheimer’s Disease
AAIC, 2024 %Penn Research Center
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AD versus LATE?

« CSF
* Low Abeta, normal t-tau/p-tau, g,

» Dx: MCI due to AD and then dementia due to AD next year




Hippocampal volume evolution with age
H.A.R.P - Harmonized Hippoca ocol

Autopsy >15 years after initial presentation

* Intermediate AD (A3, B2, C3)
* LATE Stage 3
* Amyloid Angiopathy

« Patient would have qualified for anti-amyloid
therapies
At least at presentation, was LATE disease driving etiology?
» Treatment appropriate?
» ~25% of MCI A+ are T- in Braak I/l region (Tau PET)

~1/3 of A+/N+ MCI are T- (CSF Tau; McCollum et al.,
Neuroimage Clinical, 2021)

Cutoff for N+
90% sensitive

Percentiles

Atrophy greatest is
anterior MTL of A+T-
N+ and A-T-N+

% Penn Alzheimer’s Disease

Research Center




LATE as a co-pathology with AD

* Man in his early 70’s with primarily forgetfulness

* MMSE 26/30

CSF
ptau,g,: 67 pg/ml (cutoff 22)
Abeta,,: 119 pg/ml (cutoff 191)

Alzheimer’s Discase
&Penn

- | Research Center
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Hipposampal volume svolution with sge
e Cltoff for N+
90% sensitive

Autopsy

ADNC (A3, B3, C3)

LATE Stage 2

Low probability LB disease

Alzheimer’s Disease
&Penn

Research Center
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A T | (N)

Amyloid Tau Neurodegeneration

Jack et al., Alzheimer’s & Dementia, 2018 41
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Can we take advantage of N's nonspecificity

* Neurodegenerative measures are non-specific to AD
* Non-AD pathologies
» Vascular disease

» Age-related changes
» Development — interindividual differences

* In absence of biomarkers for non-AD proteinopathies (e.g. TDP-
43), neurodegenerative measures may support presence of
alternative pathologies

 Patterns and severity of neurodegeneration may provide hints to co-
pathology

Alzheimer’s Disease

Research Center

& Fenn Memory Center &Penn

NIVERSHY of PENNSYLYA

42

21



&

Tau PET pattern of uptake corresponds
strongly with neurodegeneration
Longitudinal Atrophy

L}J

18F-Flortaucipir Baseline

45 53
Mean SUVR 7 " t-statistic

Penn Memory Center Harrison et al., Annals of Neurology, 2019
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Tau distribution is the “Answer Sheet” for
spatial pattern and degree of

of Py
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Determining normative relationships of tau
with neurodegeneration

Less atrophy
than expected
, fortau
—...0 (resilient)

expected for tau
(vulnerable)

Right Inferior Temporal Gyrus thicknesss (mm)
15 20 25 30 35 40 45

o e

° O\ More atrophy than

T T
0.6 0.8 1.0

Iogm(Rigm Inferior Temporal Gyrus "*F-Flortaucipir SUVR)

Das et al, Annals of Neurology, 2021

2 Penn Memory Center
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a Tau (T)/ Neurodegeneration (N)

Resilient
Less N than

expected given T m

(i.e., less copathology)
’

e
f”
-.‘
Sy
~ -
"'\Canonlcal

\
More N than

expected given T m

(i.e., more copathology) Susceptible

Duong et al, Nature Communications, 2022
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Spatial variability in mismatch regions
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T-N Mismatch residual maps ADNI cohort (A+
MCI/AD)

Canonical

F’W ARRT G g

R ] Canonical 5
Xueying Lyu, BE Grad # > =
Student - g S5
° T ¢
v 2 1
& time from baseline(yr)

T N Res dual

Lyu et al, Alz & Dementia, 2024 =z Alzheimer’s Discase
& Penn Memory Center y F Penn | jlheimers Dis
47

-\ mismartcn patterns (AU erects
removed) similar to patterns in non-AD
symptomatic cases clustered by cortical

thirl noace

T-N Mismatch Residuals  Thickness z-scores in r;p.q-AD LATE-NC

E_Ys 3 AW

ASIASDD “
—— Y IX Y ¥ N | R
0 ‘p - % =68 @ @ »
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o= 15 3
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N>T

Lyu et al, Alz & Dementia, 2024 —i Alzheimer’s Disease
& R?ﬂ?n MET(\).E)\I] |€?EE,CE{: éb Penn Research Center
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Associations with non-AD modulators

Antemortem MRI (N measure) with postmortem tau burden (T); 7 ROls

-
.
R ;
Can

& - . ( ] ‘ ) Limbic Diffuse
=] * . 5 e R v v

T-N Mismatch Thickness z-

i scores in non-AD
ReS|dUalS Diffuse Limbic AT PTO

Vulnerable Vulnerable Resilient Resilient
WMH < Canonical < Canonical > Canonical > Canonical
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oo S A

ALLTRLALS @

Vascular Risk Factors

TDP Severities

Penn MemOr Center LyU et a|, Alz & Dementia, 2023 m ‘ Alzheimer’s Disease
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Post-mortem imaging

Select cases with postmortem 9.4T MRI or
antemortem in vivo MRI (within 10 years)

Select cases with “AD continuum” diagnoses:
exclude FTLD, non-AD tauopathies

Antemortem Postmortem
MRI dataset MRI dataset

17 1

o @ o 107 16

2 2

Intermediate or High LATE-NC Overlap

ADNC? Stage 2 or 37

AD- AD+ LATE- LATE+ 36 5
162 34

Alzheimer’s Disease
Research Center

%{’ Penn Memory Center %f Penn ‘
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Postmortem validation of mismatch for
AD/LATE-NC

(ADI-LATE+ 42 ADALATE. Residuzes, A1

T (Tau regression) | T (AD+LATE+ residuals)

MTL subregion

segmentation

Prs-pas Thickness
[[]Prs-pas [[]sus [licar cA2 o SUB Thickness
| [ [Here [HeA3s [BA3% [ JArea TE [[Jarea 77 [lArea T CA1 Volume
CAZ Volume
CA3 Volume

AD+LATE® vs ADSLATE- Resichal: CAL
9.4T MRI -

DG Volume

SRLM Thickness
PP Thickness
ERC Thickness
BA35 Thickness.
BA36 Thickness.
Area TE Thickness.

A1 Vetume Resanl ()

AD-LATES vt ADALATE. Rasidusis TF

ovaTEr Area TF Thickness.
Area TH Thickness

3D Niss! Reconstr.

. Regression between tau AD+LATE+ subgroup is mostly
Yushkevich et al., pathology and CA1 volume, below the
i fi he E- 3 e fi si
Bl’alr'l, 2020 itted in the LATE- subgroup, . mrrrv L .
represents expected E nificantly smaller ot
relationship compared to AD+LATE- o

Yushkevich et al., AAIC, 2024 & Penn Alzheimer’s Discase
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P T (Tau regression) | T (AD+LATE+ residuals)
i = .. measure
Ant. Hipp. Volume 060 4.36
o 6 Post. Hipp. Volume 6 4.654
ity ERC Thickness JCREE 2914 -
BA35 Thickness 99 0.330 .
—~= B! BA36 Thickness 1553
R PHC Thickness |8yl 1.318
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Proposal for clinical criteria for LATE

« Committee of 36 expert clinicians, trialists, pathologists, neuroimagers,

neurochemists, basic scientists, and community researchers

« Initially met as part of a workshop May, 2023 to discuss gaps and opportunities

» Developed framework for diagnostic criteria

* In absence of a specific TDP-43 biomarker, diagnosis is at best
probabilistic

 Define two contexts for clinical diagnosis

* LATE-NC as primary driver of symptoms with non-significant ADNC

 Possible or probable LATE
* LATE-NC mixed with ADNC
* Possible LATE

Wolk et al., Alzheimer’s & Dementia, in press %Penn

Alzheimer’s Discase

- | Research Center

53

Core clinical syndrome

I. Core Clinical Syndrome* (1 and 2 required)

. Primary amnestic syndrome with tempero-limbic memory
loss

. Other cognitive domains largely spared until much later in
the course

. May have mild semantic memory impairment

. Indolent course with predominant amnestic syndrome
present for at least 2 years

. Age generally > 75 years old

Core Clinical Syndrome
1. Progressive amnestic, multi-domain syndrome; memory loss may
be particularly severe relative to other cognitive domains
2. Generally, more rapid course than typical AD alone

Wolk et al., Alzheimer’s & Dementia, in press & Penn

Alzheimer’s Disease
Research Center

54

27



Progressive Amnestic Syndrome

T

Core Clinical Features for LATE as Primary Driver Core Clinical Features for LATE with AD
1

Significant Hippocampal Atrophy

\ Required Supportive Features for LATE

Severe hippocampal
atrophy with no more

not available “ than mild dementia or
l out of proportion to
Probable o MTL Tau; or FDG-PET
. . with elevated inferior
Possible LATE temporal/MTL ratio
LATE
/
Possible ADNC or mixed Possible LATE
LATE ADNC with LATE with AD

Amyloid Biomarkers Amyloid Biomarkers

Conclusions

* LATE-NC is common and important driver of late life
cognitive symptoms

« Common co-pathology with ADNC

* Imaging and cognitive features reflect the distribution of
TDP-43 pathology

* Probabilistic designation of LATE-NC can be determined
based on clinical and imaging features (higher confidence
when can rule out AD)

« Clinical criteria require validation in large in vivo studies
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