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ALZHEIMER’S 
DISEASE

Research in 
Epidemiology



ALZHEIMER’S RISK FACTORS
AGE
Education
Gender 
Head Trauma? 
Diet?
Exercise?
Hypertension?
Hyperlipidemia?
Diabetes? 
Cardiovascular or Cerebrovascular Disease? 

GENETICS

Evans DA JAMA 1989; 262:2551-6



ALZHEIMER’S GENETIC FACTORS
Early-onset autosomal dominant disorders
APP, PS1, PS2 :  (<0.1% of patients)

Late-onset risk factors
APOE-e4

SORL1, CLU, CR1, BIN1, PICALM, EXOC3L2, 
ABCA7, CD2AP, EPHA1, TREM2 + >20 others!

Late onset protective factors
APP Icelandic mutation (A673T)

AD Neuropathology Change (ADNC) % e4neg %e4pos N
Low ADNC 73% 27% 367

Intermediate ADNC 57% 43% 429
High ADNC 39% 61% 1097



ALZHEIMER’S 
DISEASE

Research in 
Diagnostics



EXAMINATION: General, 
Neurological, Cognitive, Lab, MRI
Consciousness
Attention and concentration
Language: expression, comprehension, naming, repetition
Orientation to time, place, and person
Memory functions: immediate, short-term, long-term
Visuospatial abilities: drawing
Analytic abilities
Judgment and Insight



Positron Emission Tomography-FDG



AMYLOID IMAGING

CC Rowe & VL Villemagne. J Nuc Med  2011; 52:1733-1740



TAU SYNAPTIC               
IMAGING                IMAGING

Villemagne VL et al. Sem Nuc Med 2017;47:75-88

Normal

MCI/AD
UCB1017
Chen et al. JAMA Neurol 2018



CEREBROSPINAL FLUID

JR Steinerman & LS Honig. Curr Neurol and Neurosci Rep 2007; 7: 381-387



PLASMA BIOMARKERS

M Mapstone et al. Nat Med 2014; 20: 415-418 



ALZHEIMER’S 
DISEASE

Research in 
Therapeutics



AD Timeline & Drug Development
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1977–hydergine

1993–tacrine

1996–donepezil
2000–rivastigmine
2001–galantamine
2003–memantine

Auguste D. evaluation–1901
Krapelin named disease–1910
Katzman NEJM editorial–1976

McKhann ADRDA/NINDS crit–1984
Glenner & Wong β-amyloid–1984

Iqbal identifies P-tau–1986
Roses identifies APOE–1993

Games 1st Tg mouse PDAPP–1995
St. George Hyslop PS1–1995

Schellenberg PS2–1995
Schenk mouse vaccine–1999

2002–AN1792 
2009–flurbi
2013–sema, ava 
2014–bapi, sola
2016–IVIG
2017–sola
2018–veru, lana
cren,adu,gant,elen



CLINICAL DRUG TRIALS

Preclinical – screening /PD /PK /ADME /Toxicity
In silico biochemistry         cell culture 
rodent (mouse)      small animal (dog)     primate (rhesus)

Phase 0   “expIND” – subpharm/therap (PD/PK)
Phase 1   “FiH” - safety – SAD    MAD
Phase 2   “PoC” - dose-finding safety and efficacy
Phase 3   “PoE” - efficacy
Phase 4     post-approval - safety/usage considerations
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CLNICAL DRUG TRIALS 
REQUIREMENTS 

 IND, Protocol, ICF, Regulatory/Contractual Approvals
 Research Pharmacy
 Research Nurses / Drug delivery team
 Large Team of raters/testers: Npsych, Clinical, Functional
 Fluid Biomarkers – blood, urine, cerebrospinal fluid
 Structural Imaging Biomarkers – MRI
 Functional Imaging Biomarkers – FDGPET
 Molecular Imaging Biomarkers – amyloid PET, tau  PET
 Other Biomarkers – EEG, EMG, ECG, Echo, etc. 
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Treatments of Neurological Diseases

 Stroke
 Traumatic Brain Injury
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 Alzheimer’s Disease, FTD, LBD, HD
 Degenerative Neuro/myopathies

 Multiple Sclerosis
 Immune-mediated Encephalitides
 Inflammatory Neuro/myopathies
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ALZHEIMER THERAPIES
 THERAPY FOR NON-SPECIFIC DISEASE SYMPTOMS
 THERAPY FOR DISEASE-SPECIFIC DYSFUNCTION

 Targeted: neurotransmitter-based (cholinergic, glutamatergic, etc.)
 Generalized: (nootropes, stimulants, vasoactive drugs, etc.)

 TREATMENT OF PRIMARY DISEASE PROCESS
 Decrease amyloid production (e.g. secretase inhibitors, SALA)
 Increase amyloid clearance by active immunization (e.g. vanutide)
 Increase amyloid clearance by passive immunization  (e.g. BAN-2401, 

gantenerumab, crenezumab, aducanumab, solanezumab, bapineuzumab)
 Decrease amyloid fibrillization (e.g.  scyllo-inositol, tramiprosate) 
 Decrease amyloid-induced injury (e.g. RAGE inh., PPAR-γ antagonist)
 Decrease downstream nerve cell damage (e.g. tau-disrupters)
 Anti-inflammatory agents (e.g. NSAIDS, etc.)
 Neuroprotective agents (e.g. antioxidants, growth factors, etc.)
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TREATING DISEASE-SPECIFIC 
DYSFUNCTION

 Inhibition of brain acetylcholinesterase

tacrine hydrochloride (Cognex®)

donepezil hydrochloride         (Aricept®) 

rivastigmine tartrate (Exelon®)

galantamine hydrobromide (Razadyne® ER)

 Inhibition of brain NMDA glutamate receptor

memantine hydrochloride     (Namenda®)
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Drug Targets from AD Pathology
 NEURITIC PLAQUES

 NEUROFIBRILLARY TANGLES

 NEURONAL LOSSES

 SYNAPTIC LOSSES

 NEUROTRANSMITTER CHANGES

 OTHER BIOCHEMICAL/CELL CHANGES
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PATHOGENETIC CASCADE IN AD

Excessive Aß42

Tangles: Neurofibrillary (tau) pathology Neuritic Plaques

Cognitive Symptoms 

Aß42  production

Synaptic Losses

Aß42 clearance

Excess oligomeric and/or polymeric Aß42 

Neuronal Losses
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Aβ IMMUNIZATION IN MICE

D Schenk et al. Nature 1999; 400: 173-177

D Morgan et al. Nature  2000; 408: 982-985
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IMMUNIZATION THERAPY
Active Immunization:
 purified Aß by intramuscular injection (Elan/Wyeth AN-1792 = AIP-001)

 Phase 0 (1999-2000): Preclinical  Studies in PDAPP mice: subcutaneous, intranasal, behavioral
 Phase 1 (2000): 101 US & 103 European pts (single & multiple doses w/o adv. effects)
 Phase 2A (9/2001-1/2002): 375 pts,11 sites; stopped due to inflammatory encephalitis in ~6 % pts

 purified Aß carrier protein/QS21 adj(Pfizer/Janssen vanutide crid ACC-001)
 purified N-terminal Aß (Novartis/Cytos Immunodrug® =  CAD106)
 Other Aß with immunostimulant (Merck V950)

Passive Immunization:
 Bapineuzumab:  humanized mouse mAb to N-terminal Aß42 (Elan/Wyeth 

-> Janssen(J&J)/Pfizer AAB-001 = ELN115727)
 Solanezumab: humanized mAb to mid-region Aß42 (Lilly LY2062430) 
 Crenezumab: humanized IgG4 mAb midAß42 (Genentech MABT5102A)
 Gantenerumab: fully human mAb to aggreg Aß42 (Roche RO4909832)
 Aducanamab: humanized IgG1 mAb to aggreg Aß42  (Neurimmune/Biogen)
 BAN-2401: humanized IgG1 mAb to Aß42 fibrils (BioArctic/Eisai/Biogen)



PIB PET: BAPINEUZUMAB PH2

JO Rinne et al. Lancet Neurology 2010; 9: 363-372



Bapineuzumab anti-A-beta42

Salloway S et al. N Engl J Med 2014;370:322-333



Bapineuzumab Ph3

Salloway S et al. N Engl J Med 2014;370:322-333



Solanezumab anti-A-beta42 EXP1&2
O
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Solanezumab Lilly Investors 
Presentations Boston ANA 2012 
web

Siemers ER et al. Alz & Dem 2016;12:110-20 & ANA2012



Solanezumab anti-A-beta42 EXP3

Honig L.S. et al. N Engl J Med 2018;378:321-330



Aducanumab Phase 1b Study

29Sevigny et al. Nature 1 Sep 2016

http://www.medscape.com/viewarticle/841856
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IGIV

Relkin NR et al. Neurology 2017; 88:1768-75
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PATHOGENETIC CASCADE IN AD

Excessive Aß42

Tangles: Neurofibrillary (tau) pathology Neuritic Plaques

Cognitive Symptoms 

Aß42  production

Synaptic Losses

Aß42 clearance

Excess oligomeric and/or polymeric Aß42 

Neuronal Losses
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ANTI-FIBRILLAR AGENTS
 Tramiprosate (Alzhemed™) 
 “Aβ antagonist” GAG mimetic (2-amino-1-propanesulfonate) 
 Mild-to-mod AD:  2 RDBPCT Phase 3: North Amer & Europe 
 Duration: 18 mos. +12 mos. open label extension 150 mg bid
 Three arms: Placebo, Alzhemed 100 mg BID, 150  mg BID
 North American Trial: 67 sites - 50 in USA & 17 in Canada

 1052 pts enrolled: Completed 2/07, Results 8/07
 Adverse Events: nausea, vomiting, diarrhea, wgt loss, dizziness, falls 
 NO EFFICACY PRIMARY ENDPOINTS (drug development ceased)

 Elan D-005 scyllo-inositol
 Impedes amyloid aggregation; improves memory in mice
 Phase 2 completed: no clear efficacy – no planned phase 3
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SECRETASE INHIBITION
 ß- and γ-secretase inhibitors decrease Aß production  
 Protease inhibitors are useful in hypertension & HIV 

Yan & Vassar. Lancet Neurol 2014; 13:319 Mikulca et al. JClinPharTher 2014; 39:25



34

γ-Secretase Modulator: Tarenflurbil
• Selective Aβ42-lowering agent in vitro and in vivo 
• Allosteric modulation of γ-secretase
 Phase 3: age>55; MMSE 20-26; 133 sites: 18 mo+1 mo washout
 1649 subjects in 2 groups: 800 mg BID vs placebo BID

R Green et al. & the Tarenflurbil Study Group. JAMA. 2009; 302: 2557-2564



γ-Secretase Inhibitor: Semagacestat

35Doody RS et al. NEJM 2013; 369: 341-350



γ-Secretase Inhibitor: Avagacestat

36Coric V et al. JAMA Neurol 2015; 72:1324-33



β-Secretase Inhibitor: verebecestat

37Egan M et al. NEJM 2018; 378:1691-703
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PATHOGENETIC CASCADE IN AD

Excessive Aß42

Tangles: Neurofibrillary (tau) pathology Neuritic Plaques

Cognitive Symptoms

Aß42  production

Synaptic Losses

Aß42 clearance

Excess oligomeric and/or polymeric Aß42 

Neuronal Losses



Tau Drugs

39
J Gotz et al. Brit J Pharm 2012
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DRUGS for TAU
 Methylthioninium Cl, MTC, LMTX
 Decreases hyperphosphorylated tau in vitro
 Phase 3 studies failed in AD and FTD

 Anti-Tau Antibodies
 ABBV-8E12, BMS986168/BIIB092, UCB0107
 Bind to extracellular tau preventing propagation of tau 

across synapses from neuron to neuron



NON-NOVEL & “OVER-THE-
COUNTER” THERAPIES

phosphatidyl serine, α-tocopherol (vitamin E), statins
NSAIDS (ibuprofen, naproxen, celecoxib, rofecoxib)

Estrogens or DHEA
Gingko biloba
Huperzine A
CSF shunting therapies
Plasma replacement therapies
Medical foods: Souvenaid® and MCT (Axona®)
Fish oil (EPA / DHA), Coconut oil, Aqueporin, etc.

S Dekosky et al & GEM. JAMA 2008; 300: 2253-22



Status Summary
 Epidemiology –

genetic factors are likely paramount

 Diagnosis –
new imaging is helpful in research, spinal fluid analysis is an 
important clinical tool

 Therapeutics –
 biological basis of disease allows informed clinical trials
 incrementally moving towards disease modifying therapies
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Center of Excellence for 
Alzheimer’s Disease (CEAD)

For patient referral/ educational programing contact: 
Priscilla Liriano, LCSW, Program Coordinator

(212)305-2316  or email 
Alzheimercenter@cumc.Columbia.edu

Website: https://cead.cumc.columbia.edu/
Karen L. Bell, William C. Kreisl, Evelyn D. Dominguez, 
Ruth B. Tejeda, Solciris A. Dominguez, Katrina Cuasay 

mailto:Alzheimercenter@cumc.Columbia.edu
https://cead.cumc.columbia.edu/
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