Neuropathology
VS

Neuromythology™ Pete Nelson




“I am delighted with your critical piece,
but distressed and dismayed at your
diffidence. Like God [Sic!], every
neuropathologist is entitled to the last
word, ex officio”

--Dr William Landau, MD
Washington University




What is
Alzheimer’s disease ?




NIA-Reagan Criteria (1997-2012)

Clinical Cognitive impairment
sE\alellele[[er:1M Neurofibrillary tangles

Neuritic amyloid plaques
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NIA-AA Criteria (2012 =)

Clinical
seclgollels][or21 I Neurofibrillary tangles
Neuritic amyloid plaques

AB amyloid plagues
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“C” (CERAD): NEURITIC
AMYLOID PLAQUE

“B” (BRAAK):
NEURO-
FIBRILLARY

“A”: AB PLAQUES TANGLE

score for level of AD neuropathologic change
A ] e foern | 2

Intermediate | Intermediate®

Intermediate | Intermediate®
-m Low® Intermediate | Intermediate®
T Montine et al, Acta NP 2012-> .

Low® Intermediate High




DATA




Recent years have
seen dramatic
advancements

A central role for
ADCs and NACC




-o-PubMed papers:
Alzheimer's +
Neuropathology
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-@-PubMed
papers:
Alzheimer's +
Neuropathology

-B-PubMed
papers:
Alzheimer's +
Mouse




Beltter data-=>
more valid

conclusions




ADCs and related series:
a hew standard

Longitudinal assessment

Improving clinical & neurocognitive evaluation
Improving pathological evaluation (new diseases!)
More variables, more quantitative correlation




ADCs and related series:
a hew standard

Longitudinal assessment

Improving clinical & neurocognitive evaluation
Improving pathological evaluation (new diseases!)
More variables, more quantitative correlation

Allow us to start leaving behind studies with:
 Overly interpreted under-evaluated patients
« Fewer variables, over-dichotomization

« “The Anecdote”




Neuropathology
VS

Neuromythology




Myth R

oundup

1. Clinicians are 90% specific in AD diagnosis

2. Plagues and tangles o
A. End-stage AD pat

on’t correlate with dementia
nology can be seen in

cognitively norma

Individuals

B. There is dissociation between AD
pathology and cognitive impairment
In “advanced old age”

C. AD is just “brain aging”, and vice versa




Myth #1

1. Clinicians are 90% specific in AD diagnosis




Myth #1A

1. Clinicians are 90% specific in AD diaghosis

Corollary myth:
There Is only one disease that causes
cognitive impairment in the elderly




Alagille Syndrome
Alcohol-Related Liver Disease
Alpha-1 Antitrypsin Deficiency
Autoimmune Hepatitis

Benign Liver Tumors

Biliary Atresia

Cirrhosis of unknown cause L IVE R
Galactosemia

Gilbert Syndrome

H h '
e DISEASE !l

Hepatocellular Carcinoma

Liver Cysts

Liver Cancer (IOtS Of em)
Liver Transplant

Non-Alcoholic Fatty Liver Disease

Primary Biliary Cirrhosis (PBC)

Primary Sclerosing Cholangitis (PSC)

Reye Syndrome

Type | Glycogen Storage Disease

Wilson Disease
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Diabetes and the Risk of Multi-System Aging
Phenotypes: A Systematic Review and Meta-Analysis
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Meta-analysis of clinical (no-autopsy) studies: positive association between
“Alzheimer’s disease” and diabetes




Studies with brain autopsies show
the opposite result

Study Diabetics Non-diabetics In diabetics, versus nondiabetics

N N Risk of AD pathology Risk of CVD pathology

Heitmer and Dickson [89] 49 52 Not increased Not evaluated
Peila et al. [166] 216 total autopsies Not increased® Increased
Janson et al. [98] 28 19 Not increased” Not evaluated
Beeri et al. [24] 61 Decreased Increased
Arvanitakis et al. [15] 36 Not increased Increased
Nelson et al. [149] 50 Decreased Increased

Sonnen et al. [210] 59 Decreased® Increased
Ahtiluoto et al. |8] 70 Decreased Increased

Matsuzaki et al. [135] 135 total autopsies Not clear? Not clear?

Nelson et al,
Acta Neuropathologica, 2011




Studies with brain autopsies show

the opposite result

Study Diabetics Non-diabetics In diabetics, versus nondiabetics
N N Risk of AD pathology Risk of CVD pathology

Heitner and Dickson [R9] 49 52 Not increased Not evaluated
Peila et al. [166] 216 total autopsies Not increased” Increased
Janson et al. [98] 28 19 Not increased” Not evaluated
Beeri et al. [24] 61 324 Decreased Increased
Arvanitakis et al. [15] 36 197 Not increased Increased
Nelson et al. [149] 50 189 Decreased Increased
Sonnen et al. [210] 59 137 Decreased® Increased
Ahtiluoto et al. [8] 70 221 Decreased Increased
Matsuzaki et al. [135] 135 total autopsies Not clear® Not clear?

Diabetes Is assoclated with
Increased cerebrovascular disease,

not AD, pathology (N>1,600)

Acta Neuropathologica, 2011




A =

'LL BE THE FIRGT TO
ADMIT, THE RESULTS OF
YOUR AUTOPSY WERE
VERY SURPRISING.




Crit Care. 2007;11(2):R48.
Premortem clinical diagnoses and postmortem autopsy
findings: discrepancies in critically ill cancer patients.

“There was a discrepancy rate of 26% between premortem
clinical diagnoses and postmortem findings in cancer
patients...” (26% had major missed diagnoses)

* 54% of autopsies revealed a new diagnosis with
potential adverse impact on survival




JAMA. 2003 Jun 4;289(21):2849-56.
Changes in rates of autopsy-detected diagnostic
errors over time: a systematic review.

(based on systematic review of autopsy series)

“A contemporary US institution could observe a
major error (clinically MISSED diagnoses
Involving a ‘primary cause of death’) rate from
8.4% to 24.4%”




Myth #2

2. Plagues and tangles don’t correlate with
cognitive impairment




AREN"T
WE IN THE

PLAQUE & TANGLE




(Hypothesis)
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- »Plaques » - »tauopathy Impairment




(Hypothesis)
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- »P'aq“es » - »tauopathy Impairment
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(Hypothesis)

? ? Tangles Cognitive
- »P'aq“es » - »tauopathy Impairment

» »

Correlation very poor




(Hypothesis)

? ? Tangles Cognitive
- »P'aq“es » - »tauopathy Impairment

»
-

Correlation much better




(Hypothesis)

Cognitive
? » Plaqu »?»tT gpl) ti/1y Impaljrment




Clinical-pathological studies: incredibly rich resources with
replete antemortem data and thorough autopsy information
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Brain pathology correlates strongly with
the severity of cognitive impairment

MMSE scores
within 1 year
of death
(UK-ADC)

0 1 2 3 4 5 6
Braak Stages (Tangles/tavopathy)

PT Nelson, H Braak, and WR Markesbery, JINEN 2009




Brain pathology correlates strongly with
the severity of cognitive impairment

Correlation between final MMSE scores and
Braak staging in pathologically “pure” cases

(Nun Study)

309 sme  omem
digma e

2

:.' "l'ljl- -

201

159

10

2
o
o
7
L
7
=
=
©
=
L

L I | B V)
Braak Stages

GA Jicha et al, 2011, Neurobiol Aging




Best correlate with cognitive status:
Neocortical NFTs

2=0.7368
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Counted NFTs in Isocortex

Nelson PT et al,
JNEN 2012




Myth #2A

2. Plaques and tangles don’t correlate with
cognitive impairment

Corollary Myth
End-stage AD pathology can be seen In
cognitively normal individuals




PT Nelson, H Braak, and
WR Markesbery,
JNEN 2009

TABLE 2. Autopsy Series on Nondemented Persons With
False-Positive Pathological Diagnosis of Mational Institute or

Aging-Reagan Institute High Likelihood for Alzheimer Disea
(Braak Stages V and VI)

Mondemented. Braak Braak Total Braak
n shape v stape Vi stape ViV Heferer
10 good studies 1* 0 I* t (47)
+1 case report ™ L 0 1 (48)
142 | 1 L (33)
999 3 L ( L (49)
nondemented 4 3 0 3 (50)
Individuals L% 0 ( 0 (56)
b L ( (1 (55)
Y 84 " 1t (5T)
12 Braak stage V 3 0 0 0 (51)
3 Braak stage VI 6 ! : (34)
95 3 15 4
n= 533 n= 15

2.7% with “AD path”

*Case report (47).

tBraak stages infermed.

jCases designated as Braak V/VL

§From the University of Kentucky Alzheimer's Disesse Center, Brask V1 case v
relatively low mnecoortical newrofibrnllary tangles (Fig. 5).




2. 7% of patients thought to be
“nondemented” show Braak

stages V (12/555) or VI (3/555)










Post-operative MRI following glioma resection
Post-operative MMSE score = 30/30

“Cognitive
Reserve”
IS NOT

a myth

Long term reshaping of language, sensory, and motor
maps after glioma resection: a new parameter to
integrate in the surgical strategy

H Duffau, D Denvil, L Capelle

J Neurol Meurosurg Psychiatry 2002;72:511-516



Epidemiology Neuropathology




Epidemiology of clinical AD
(prevalence)

% with
clinical
AD
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Epidemiology of clinical AD
and AD=type pathology (predicted)

Persons with
AD pathology
but not
clinical AD

s 35 witth
clinicall AD

Percent of Persons

% with
Q predicted
Goebd Mefd Fou'S Sleid BimED eG4 AD

Age Groups pathology

THEORETICAL
PREDICTIVE
MODEL OF AD PATHOLOGY

PT Nelson, H Braak, and WR Markesbery, JNEN 2009
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EXPECTED AND ACTUAL
OBSERVATIONS OF AD

PATHOLOGY MATCH WELL

PT Nelson, H Braak, and WR Markesbery, JNEN 2009

Epidemiology of clinical AD B Epidemiology of clinical AD
and ADs=type pathology (predicted) and AD-type pathology (observed)
Persons with 45 1 N=3,928 .
40 < s S wWith
AD pathology 0 linical
but not E 35 ;.[Jn aas
linical AD E a0
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|t predicted . VIVI
G5e69 TOs74 7549 S0efd4 BimED Bedd AD T EE-£9 TO-T4 TETO 8004 AB-E0 50-94
Age Groups pathology Age Groups




Are there “cognitively intact”
patients with true“end-
stage” type (SEVERE

Braak stage VI) neocortical
neurofibrillary pathology?




PT Nelson, H Braak, and

Clinical and Pathologic Variation WR Markesbery,
5 In Braak Stage VI Cases INEN 2009
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There is heterogeneity among “Braak stage VI cases
with the “high cognitive function” cases corresponding

to the lower numbers of neocortical NFTs




Neocortical NFTs over a certain threshold
ALWAYS—->dementia

The Nun Study: Final MMSE scores
vs counted neocortical NFTs

e Braak Stage VI

Braak Stage V
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100 200 300
NFT Counts: Parietal, temporal, frontal, and
occipital neocortical sections

E Abner et al, JAD, 2011




Braak stages in cognitively intact individuals

NACC (combined) datasets:
Braak stages (%)
with final MMSE score of 30 within
last year of life
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TABLE 2. Autopsy Series on Nondemented Persons With
False-Pasitive Pathological Diagnosis of National Institute on

Aging-Reagan Institute High Likelihood for Alzheimer Disease
(Braak Stages V and VI)
MNondemented., Braak Braak Total Braak
n stape Y stape VI stape ViV Heference
1 * (47
44 : (45)
14k (3.3)
(44
(50)
[ 56)
(53]

(37)
(31)
[ 34)

n= 333

*Case report (47).
tBraak stages infermed.
jCases designated as Braak VL

§From the University of Kentucky Akheimer's Disease Center, Brask V1 case with Nelson et al

relatively low nescortical newrofibrillary tangles (Fig. 5). JINEN 2009
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Dissociation of Neuropathologic Findings
and Cognition
Case Repori of an Apolipoprotein E £ 2/e2 Genoiype
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Bonald Kine, MI): Claudia Kawas, MDD

Table. Neuropsychological Test Scores 6 Months and 1 Month Before Death
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Plagues and Tangles in Alzheimer’s disease:
Clinicopathological correlation studies are
compatible with the hypothesis that these lesions
contribute to cognitive impairment

4 , 4 , Cognitive
Plaques Tangles :
- » » - » Impairment




Plagues and Tangles in Alzheimer’s disease:
Clinicopathological correlation studies are
compatible with the hypothesis that these lesions
contribute to cognitive impairment

Coanii
? » Plagues »?» Tangles » Irr?ggilrrlxznt

| Neuropathol Exp Neurol Vol. 71, No. §
Copyright © 2012 by the American Association of Neuropathologists, Inc May 2012
pp. 00-00
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Correlation of Alzheimer Disease Neuropathologic Changes With
Cognitive Status: A Review of the Literature
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Myth roundup

2. Plaques and tangles don’t correlate with
cognitive impairment




Myth #2B

2. Plaques and tangles don’t correlate with
cognitive impairment

Corollary Myth

There Is dissociation between AD
pathology and cognitive
impairment in “advanced old age”
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In advanced old age...
(individuals beyond 90 years old)
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In advanced old age...
(individuals beyond 90 years old)

1....some cognitive impairment is usual;

2. ...mild/moderate hippocampal tangles is
universal (and is NOT AD);

3. ...other high-morbidity pathologies occur with
prevalence that approximates AD prevalence.




BASED ON THIS SKIN
REACTION, I MIGHT HAVE
A BROKEN GLASS ALLERGY.,

“F-minus” by Tony Carrillo




Red inflamed toe does not necessarily = allergy

BASED ON THIS SKIN
REACTION, I MIGHT HAVE
A BROKEN GLASS ALLERGY.,

“F-minus” by Tony Carrillo




Where did | put my
car keys?

Apologies to “F-minus” by Tony Carrillo




Where did | put my
car keys?

Apologies to “F-minus” by Tony Carrillo




Hippocampal NFTs does not necessarily = AD

BASED ON THIS SKIN
REACTION, I MIGHT HAVE
A BROKEN GLASS ALLERGY.,

“F-minus” by Tony Carrillo




Tangles and no plaques is not AD

Table 3 “ABC™ score for level of ADNgguropathologic change

AD neuropathologic change

Ab
0

cl.".-
0

1

Intermediate | Intermediate®

Intermediate | Intermediate®

Intermediate | Intermediate®

Intermediate

T Montine

et al, Acta Neuropathologica, 2012



Savva et al (NEJM 2009):

ORIGINAL ARTICLE

Age, Neuropathology, and Dementia

F.R.C.Path., Paul C o 70

...possible dissociation between AD
pathology and cognitive impairment in
“very old persons”

70 90 100
Age at Death (yr)




>90 year olds:

-Difficulty dichotomizing “dementia”

-Poor correlation between plagues and dementia
-Hippocampal NFTs without AD (or overt dementia)
-Non-AD pathologies that cause dementia

Tangles

With dementia

Without dementia

70 20 90 100
Age at Death (yr)

Tangles

With dementia

Without
dementia | T ¢
A e e S

70 80

Age at Death (yr)




In advanced old age...

1....some cognitive impairment is usual;

2. ...mild/moderate hippocampal tangles is
nearly universal (and is NOT AD).

3. ...other high-morbidity pathologies occur with
prevalence that approximates AD prevalence.




In advanced old age...

1....some cognitive impairment is usual;

2. ...mild/moderate hippocampal tangles is
nearly universal (and is NOT AD).

3. ...other high-morbidity pathologies occur with
prevalence that approximates AD prevalence.

4. HOWEVER, advanced AD pathology
(neocortical plagues+tangles) still always
correlates with cognitive impairment




Myth #2C

1. Plagues and tangles don’t correlate with
cognitive impairment

Corollary Myth
AD is just “brain aging”, and vice versa
(everyone gets AD If they live long enough)




# Alive per 100,000 population, U.S.

Source: 2007 Actuarial Tables

100,000 @
90,000 : --Men--\Women
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Centenarians

Mean Age at death:
102.2 +/- 2.5yrs
N=52

CERAD
Plague Densities

m No

M Possible
Probable

m Definite




Centenarians

Mean Age at death:
102.2 +/- 2.5yrs
N=52

CERAD

Plague Densities

® No

M Possible
Probable

M Definite

Not
everyone

gets
AD




Develapment of amyloid-p pathology (n = 2332)
61 100 188 330 492 570 484 ?:::

Other large

- RN  datasets agree:

310 B 2 Il 3 4

percentage

Development of ATS8-ir |::-athit:-hc-g.;\,ar tn—2332:|

A =1 It Is by no means inevitable
I I for centenarians to get AD

percentage




Development of amyloid-p pathology (n = 2332)
8 24 61 100 188 330 492 570 484 75

u Other large
10 20 30 40 Sﬂag:u 70 80 90 100 datasets aree
D00 mm 2 EL_ X
Development of AT8-ir pathology (n=2332)
e inl—Ial=E T § 1 [tis by no means inevitable
for centenarians to get AD
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Genetics




Genetics
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Progerias, human diseases with “accelerated aging”:

Accelerated
aging syndromes

Werner syndrome

Hutchinson-Gilford
progeria syndrome

Cockayne syndrome

Trichothiodystrophy




Progerias, human diseases with “accelerated aging”:

Accelerated
aging syndromes

Werner syndrome

Hutchinson-Gilford
progeria syndrome

Cockayne syndrome

Trichothiodystrophy




Progerias, human diseases with “accelerated aging”:

Accelerated Increase of AD
aging syndrome pathology?

Werner syndrome

Hutchinson-Gilford
progeria syndrome

Cockayne syndrome

Trichothiodystrophy




Genetics

Specific

(non-Aging!)\_AD

Pathway(s)




5-month old with
Down Syndrome

(thanks to
Dr. Elizabeth Head)

The disease of
plagues and
tangles (AD)
begins at young
age among
individuals with
high genetic
risk

F

No Primary Ctrl 6E10

No Secondary Ctrl

PT Nelson et al, Acta Neuropathologica, 2011



So what is the main
reason that
clinical-pathologic

correlation iIs
so imperfect?
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Scott Adams’s
“Dilbert”




'.3 Thought experiment: 2

2

Could you detect a clinico-pathological relationship in heart disease
If testing the correlation of atherosclerosis and cardiac health?
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“Clean sample”




Clean sample — good correlation

Cardiac
Function

Amount of atherosclerosis




“Dirty sample”




Clean sample — good correlation

Cardiac
Function

& ¥
bt

Amount of atherosclerosis




Dirty sample — poor correlation

Cardiac
Function

Amount of atherosclerosis




@ Group I: No cortical LBs,
AGD, HS, infarcts, or FTD
(n=134)

B Group II: One subtype of
non-AD pathology (n=180)

O Group II: Two subtypes of
non-AD pathology (n=71)

O Group |I: >2 subtypes of
non-AD pathology (n=5)

~2/3" of UK ADC cohort

Number of Group Il patients with

each subtype of non-AD pathology have ImpOI'tant

[e2]
o

non-AD pathology

256)
S

Group Il n=
N w B
o o

Number of Patients (total
o

Infarct(s) Cortical LBs

o

Non-AD Pathology Type




Key point:

In advanced old age, It
IS the norm for human brains

to exhibit impactful,
non-Alzheimer’s
pathology
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Scott Adams’s
“Dilbert”




HIPPOCAMPAL SCLEROSIS — WHAT IS IT?

-
4

HS-contraIateréI
Anti-phosphoTDP-43

Cell death and gliosis in
hippocampus

Probably not related to AD

Aberrant TDP-43 usually

No biomarker or specific
clinical feature

Definite cognitive impact

Autopsy diagnosis required




Percent of cases with AD or HS-Aging pathology,
from UK-ADC autopsy cohorts (N=1,110 cases)

60 =&~ % Cases AD

% o & L pathology
E 50 = % Cases HS-Aging
E o pathology
2 40 ¢
5 ¢ In extreme old age, AD
&
i "M pathology
2 “EEN becomes LESS prevalent
@
8
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A large
proportion of
MRI-visualized
hippocampal
atrophy
IS NOT AD!
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becomes MORE prevalent
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(although AD pathology
becomes LESS prevalent)
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Old assumption:
Dementia = AD

\ Presumed
AD prevalence

wn
2

Prevalence

40 50 60 70 80 S0 100

Additional pathologies
in advanced old age
require an overhaul of
prior assumptions




Old assumption:
Dementia = AD

In advanced old age,
non-AD diseases
\ Presumed underlie much of
AD prevalence o« o .
clinical dementia

Prevalence
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Newer data: studies addressed

Dementia reflects h
multiple pathologies muc younger
cohorts.
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AD is not “brain aging”; there are abundant
evidences for a specific plague+tangle
disease with strong genetic contribution

Density of neocortical tangles correlates
strongly with cognitive impairment

No “dissociation” between AD pathology and
cognitive impairment

Many diseases in aged human brains




Conclusions

1. Neuropathology (NP) is complicated

2. Consideration of NP necessary to optimize
management of
-patients, clinical trials, biomarkers, animal
models, etc

3. NP has become more, not less, relevant
and important




Obvious fact:




Obvious fact:

We’'re not done yet
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Editorial comment:




Editorial comment:
Autopsy diagnosis
IS the gold standard for

neurodegenerative
disease diagnosis and severity




