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Explosion of Big Data in Alzheimer’s Disease
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Failed Clinical Trials Targeting Amyloid
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Precision Medicine in AD
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2021- 2022: Excitement and Controversy

2021 Alzheimer’s Drug Development Pipeline
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2021 2022: Excitement and Controversy

Ehe New Nork Eimes

NEWS | 08 June 2021 herapy gantenerumab

Landmark Alzheime Alzheimer’s Drug Slows Cognitive ‘improve Alzheimer’s

Decline in Key Study 1 clinical trials
approval Confounds Biogen and Eisai reported the finding from a large late-stage

° clinical trial of lecanemab, a drug they are developing. 22
community

Many scientists say there is not enough evidencet & &~ [ LJm

eﬂ‘ective therapy for the disease SCIENCEINSIDER = BRAIN & BEHAVIOR

Second death linked to potential
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Ad u heI m to P a t ien ts 5 Y P Woman’s brain hemorrhage while receiving Eisai’s widely heralded

s lecanemab heightens concerns overs its safety

Ofhcials cited data showing the ne y .
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safety risks and may not help patic L/ &

Lecanemab reduced cognitive decline by 27 percent in a clinical trial with 1,800
participants, Biogen and Eisai said. Steven Senne/Associated Press

By Rebecca Robbins and Pam Belluck
Sept. 27, 2022




Sex Difference in Lecanemab results?

Adjusted Percent
No. of Participants Favors lecanemab Mean Slowing of
(placebo, lecanemab) < i Difference Decline (%)
Overall 875, 859 —— : -0.45 27
ApoE4 Genotype Status :
Noncarrier 275, 267 ——— 1 -0.75 41
Heterozygote 468, 456 —— 1 -0.50 30
Homozygate 132136 —_——— 028 22
Sex !
Female 464, 443 *: -0.20 12
Male 411, 416 —— 1 -0.73 43
Age T
<65 178, 166 —p— -0.08 6
65-74 381, 368 ——— | -0.37 23
275 316, 325 —— ! -0.72 40
Ethnicity - Global
Hispanic 108, 107 —— -0.50 52
Non-Hispanic 743,715 e — -0.46 25
Race - Global 1
White 677, 655 —— -0.49 27
Asian 148, 147 —— -0.35 19
Black 24,20 @ -0.72 63
Ethnicity — United States .
Hispanic 99, 100 —— 0.53 13
Non-Hispanic 356, 354 —— 1 -0.58 31
Race- United States
White 431,431 ——— 1 -0.58 36
Black 21,19 * . -0.55 63

Van Dyck et al., New England Journal of Medicine, 2023
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ex Difference in Aducanumab results?

a Favors aducanumab Favors placebo
No. of patients Placebo  Difference Dll:-nco
(Placebo, High-dose aducanumab) decine  vs placebo vs placebo
Laboratory ApoE status Carrier (370, 365) - 1.93 -0.53 -27%
Noncarrier (178, 182) ey 1.30 -0.08 -8%
Basline clinical stage MCI due to AD (446, 438) - 1.53 -0.30 -20%
Mild AD (102, 109) —6— 288 -0.94 -33%
Baseline MMSE MMSE 2 27 (252, 250) - 143 -0.27 -19%
MMSE < 26 (296, 297) —— 201 -0.51 -25%
Baseline AD Medication Use Yes (282, 285) — 2.06 -0.36 -17%
No (266, 262) —— 1.40 -0.44 -31%
Region United States (218,216) — 1.73 -0.55 -32%
Europe/Canada (287, 291) — 1.86 -0.16 -9%
Asia (43, 40) ——t 1.46 -1.19 -82%
Age $64(104,113) — 1.76 -0.26 -15%
65-74 (255, 257) — 1.50 -0.19 -13%
PTG M) et 197 -0 81 -41%
Gender Female (290, 284) — 1.73 -0.21 -12%
Male (258, 263) —— 1.74 -0.57 -33%
-3 -2 -1 0 1
CDR-SB adj| dmean changevs p b
(95% Cl for difference)
[ Favors aducanumab Favors placebo
No. of patients —— Placebo  Difference om-:m
(Placebo, High-dose aducanumab) decline  vs placebo Vs placebo
Laboratory ApoE status Carrier (370, 365) - 5.80 -1.70 -29%
Noncarrier (178, 182) — 397 -0.71 -18%
Baseline clinical stage MCI due to AD (446, 438) - 4.76 -1.21 -26%
Mild AD (102, 109) — 6.96 -1.74 -25%
Baseline MMSE MMSE 2 27 (252, 250) - 338 -0.37 -11%
MMSE < 26 (296, 297) - 6.57 217 -33%
Baseline AD Medication Use Yes (282,285) —— 6.12 -1.33 -22%
No (268, 262) - 4.12 -1.42 -34%
Region United States (218, 216) —— 5.24 -1.52 -29%
Europe/Canada (287, 291) - 561 -0.93 -17%
Asia (43, 40) —_— 8.09 -573 -71%
Age £64(104,113) — 6.54 -0.81 -12%
65-74(255,257) —— 5.08 -1.52 -30%
275(189,177) — 429 -1.88 -44%
Gender Female (290, 284) - 487 -0.82 -17%
Male (258, 263) - 5.38 -1.82 -34%
2 -4 0

Haeberlein et al., 2022

b

Favors placebo  Favors aducanumab
No. of patients. — Placebo  Difference Mmm"
(Placebo, High-dose aducanumab) decline  vs placebo Vs placebo
Laboratory ApoE status Carrier (370, 365) - -36 0.9 -25%
Noncarrier (178, 182) it 26 -02 8%
Baseline clinical stage MCI due to AD (446, 438) - 29 04 =14%
Mild AD (102, 109) —_—— 4.8 12 -25%
Baseline MMSE MMSE 2 27 (252, 250) - -3.0 0.2 7%
MMSE < 26 (296, 297) —— -35 08 -23%
Baseline AD Medication Use Yes (282, 285) —— -39 04 -10%
No (266, 262) — 26 07 27%
Region United States (218, 216) — -32 0.9 -28%
Europe/Canada (287,291) — -36 0.1 -3%
Asia (43, 40) e ——— -3.4 27 -79%
Age $64(104,113) — -32 0.1 -3%
65-74 (255, 257) — -33 0.7 -21%
275(189,177) —r -3.2 0.7 -22%
Gender Female (290, 284) = -34 04 -12%
Male (258, 263) — -3.0 0.7 -23%
-3 0 3 6
dj d mean change vs placeb
(95% ClI for difference)
Favors placebo  Favors aducanumab
No. of patients —_— Placebo  Diference  Difrence
(Placebo, High-dose aducanumab) decline  vs placedo vs placebo
Laboratory ApoE status Carrier (370, 365) —— -5.2 23 -44%
Noncarrier (178, 182) —r -25 086 -24%
Baseline clinical stage MCI due to AD (446, 438) —— -3.8 1.2 -32%
Mild AD (102, 109) —_—e 6.6 34 -52%
Baseline MMSE MMSE 2 27 (252, 250) — -35 11 -31%
MMSE < 26 (296, 297) — — | -5.1 24 -47%
Baseline AD Medication Use Yes (282,285) — -45 18 -40%
No (266, 262) —— -4.0 1.7 -43%
Region United States (218,216) — -4.2 24 -57%
Europe/Canada (287, 291) —t -4.3 1.2 -28%
Asia (43, 40) —_— 27 0.7 -26%
Age £64(104,113) —— =37 08 -22%
65-74 (255, 257) —r— -3.7 1.0 -27%
275(18_9.177] —— -5.5 3.5 -64%
nder Female (290, 284) — -46 12 -26%
r Male (258, 263) ——t -4.1 23 -56%

5 .4.12.2.10 1 2 272 4 587806




‘Sex Difference in Efficacy of Immunotherapies”

Gender-associated factors

Health-seeking behavior
Reporting
Access

Greater efficacy of
biologics that stimulate
immune function

(e.g., vaccines)
Greater efficacy of

biologics that repress

Females/ Inng immune function
Women % a"dAda > (e.g., checkpoint inhibitors,
Qtive iy tnigy T nhibitors)

Genes
Sex steroids

Males/
Men

Sex-related factors

Klein & Morgan, Biology of Sex Differences, 2020



Sex Difference in Pharmacodynamics?

Table 1. Anticancer agents with relevant differences in dearance between men and women

Class/drug, Indication n (men)/ Variability on CL (CV%) Relative change in
name (women) women versus men

Angiogenesis inhibitors

Aflibercept [47] Advanced solid 767/739 31% Clfu Viu —16% —19%
fumours
Bevacizumab Gastric cancer; 1101/949 26% CL —14%to —27%
[48, 49 solid tumours

ntineoplastic agents: antime’ ites

5-Fluorouracil Gl malignancies; 74/42 22%6-40% CL CLmet —14%to —27% —18%
[50, 51] and metastatic colo-
metabolite rectal cancer

Myeloablative agents

Busulfan [52] Marrow 904/689 22% Vv +7%

transplantation

Antineoplastic agent: alkylating agents

Temozolomide Glioma, glioblast- 303/177 5%—10% CL —19t0 27%
[53, 54] oma, melanoma

Mephalan [55] Advanced 22/42 45% CL —19%

malignancies

Trabectedin [56] PD study 232/467 51% V Keo —17% +22%

Antineoplastic agents: alkaloids

Paclitaxel Solid tumours 159/160 CL Vmax —30% +14%
57,58

Irinotecan Solid tumours, 67/58 47% CL —30%to 38%
(SN38) glioblastoma
[59-61]

Antineoplastic agent: antibodies

Rituximab [62] Lymphoma 16/13 19% CL —21%

CL, total clearance; CLfu, clearance of the unbound fraction; V, volume of distribution; Vfu, volume of distribution of the unbound fraction; Vmax, maximal
metabolization rate; CLmet, metabolic clearance (ie. the part of the total clearance corresponding to metabolism); CLren, renal clearance (ie. the part of
the total clearance corresponding to excretion); (L, CLmet+CLren; Keo, equilibration constant between central and effect compartments; CV96, interindi-
vidual variability of the total clearance.



. Back to Precision Medicine: Who Should Receive this Treatment

Demographic data
H — Imaging data —k
|| Genetic data

L— Fluid bi

Significant effects were observed in men
No statistically significant effect in women
Adverse events not reported by gender

Caveats
Trial not designed to test for sex interaction or sex-stratified effects

No statistical evidence of a sex difference

Opportunities

Report sex differences in the preclinical testing for drug
— Should we have expected a difference in efficacy, drug delivery, brain infiltration,

or clearance?

Big data analysis
and integration

rrrrrrrrrrr

Evaluate and recommend based on intersectional effects of age, sex,

race/ethnicity, APOE



Incorporating Sex Differences into Genomic Discovery




Summary of Sex Differences

Female-Specific Drivers

Shared Genetic Drivers i Cognitive
Impairment

Male-Specific Drivers




GWAS of CSF AB-42
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GWAS of CSF AB-42

15

-log10 (P.Males)
10

APOE

-15

2%

+log10 (P.Females)

-40

-60

rs13115400

rs316341

chri

Deming, Dumitrescu ... Hohman, Acta Neuropathologica, 2018

chr2

chr3

chr4 -
chr5

T T
=

®
5 5
Chromosome

chré -

2
5

chr10

chrit

chr12

chr13 4

chr14

chr15

chr16

5e-08

5e-08

Logan Dumitrescu, PhD



Locus Zoom
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SERPINB1 Functional Evidence

 Female-specific association -‘
between prefrontal cortex " al
expression of SERPINB1 [+ T

(p=0.02) and SERPINB6
(p=0.00007) and amyloid levels
in brain tissue
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Serpin Signaling and Amyloidosis

o Serpins are Protease Inhibitors
— Serpin-B1 Regulates Neutrophil Infiltration

« Serpins have been shown to inhibit AR toxicity ......
— Likely through regulation of neutrophils .......

« Some evidence of sex difference in neutrophil infiltration
and clearance

— Female mice show more activated neutrophils than male mice
following stroke

— Estradiol modulates neutrophil infiltration and clearance



SERPINB1 in Brain Tissue

RNA AND PROTEIN EXPRESSION SUMMARY'
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Sex-Specific Drivers of Resilience
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Incorporating Sex Differences into Transcriptomic Discovery




Sex-Specific Changes in Transcription during Aging
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Sex-Specific Drivers of Tangle Pathology

Michelle Clifton, MA

Gene Expression Association with Neurofibrillary Tangles in Prefrontal Cortex
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Sex-Specific Drivers of Tangle Pathology .,

Michelle Clifton, MA

HDACEG is implicated in Tau Pathogenesis and Regulated by Estrogen
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Precision Medicine through Collaboration

Sex-Specific Discovery in Mouse Protocol

Alignment
. ¥

‘ Genomic Association with AD Endophenotypes }

Bioinformatic Filtering for Druggability & Known Therapeutics

RNA Scope Validation ]

!
g

Sex-Specific Mechanistic Exploration in Mouse




Cell + Sex-Specific Drivers of Tangles

Yiyang Wu, MD, PhD

Pathway Enrichment Results o—
o cellular macromolecule metabolic process 2518 342 23176 1.48 + 380E-12 7.46E-09

HEse intracellular transport 1360 211 125.17 1.69 +  447E-12  7.79E-09 :’tei”
adaptive immune response 659 16 60.65 .26 - 5.07E-11  7.95E-08

HLA-DMA establishment of localization in cell 1752 250 161.25 1.55 + 9.17E-11 1.31E-07 *

ribonucleoprotein complex biogenesis 449 91 41.33 2.20 + 1.67E-10 2.18E-07
TMEM275 establishment of protein localization 1267 192 116.61 1.65 + 2.61E-10  3.15E-07
I protein transport 1179 181 108.51 1.67 +  449E-10 5.03E-07
CLEC# ™ cellular metabolic process 6606 742 608.01 1.22 + 6.54E-10  6.83E-07
cellular localization 2655 340 244.36 1.39 + 2.66E-09 2.61E-06
*™ 1| nitrogen compound transport 1589 223 146.25 1.52 +  392E-09 3.61E-06
_ y woca nitrogen compound metabolic process 6710 742 617.58 1.20 + 9.29E-09  8.09E-06
. protein localization 1919 256 176.62 1.45 + 1.87E-08  1.54E-05
— > wvemt | ribosome biogenesis 303 64 27.89 2.29 o+ 2.14E-08 1.67E-05
I cellular macromolecule localization 1925 256 177.18 1.44 + 247E-08 1.84E-05
—p  HsPas - organic substance transport 1964 258 180.77 1.43 + 5.14E-08 3.66E-05
cellular component organization or biogenesis 5727 640 527.11 1.21 + 6.13E-08  4.18E-05
15615 G protein-coupled receptor signaling_pathway 1223 59 112.56 .52 - 6.22E-08 4.06E-05
_0,|05 immune response 1621 88 149.20 .59 - 8.20E-08 5.15E-05
intracellular protein transport 682 111 62.77 1.77 + 1.06E-07 6.39E-05

|
|
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ADSP Phenotype Harmonization Consortium

Subject and cohort counts for each domain:

Cohort Cognition Biomarker Neuropath
ACT 1337 0 0
ADNI 1566 1165 0]
KGAD 0 64 0
MAP- Rush 639 0 538
MARS 48 o] 11
NACC 10488 805 4649
NIA-LOAD 0 2 262
ROS 583 o] 532
Total 14661 2036 5992
)
v
Neuroimaging Vascular Risk Factors
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Sex-Stratified Memory GWAS
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rs2590395 is eQTL for SERPINB2 and SERPINB10 in Blood
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