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Epidemiology of PD

Adult-onset (age 21 up, average age 60)

3:2, M:F ratio

Prevalence: 0.3% of entire population, 1% after age 60, Incidence increases >60 y and falls after 85 y
~1.5 million in the US

Economic burden:

* 60,000 diagnosed yearly: one case every 6 minutes!

¢ $ 8 billion direct annual cost

 Prevalence doubles in 2040!

Disorders causing Parkinsonism

Parkinson disease

Atypical Parkinsonian disorders

Vascular Parkinsonism (multiple tiny strokes)

Drugs (antipsychotics)

Alzheimer's disease

Brain lesions, infections, toxins, street drugs, Normal pressure hydrocephalus
Genetic disorders

[Essential Tremor (advanced stage)-mimic]
Functional or Psychogenic Parkinsonism (reversible)

Part I: Back;

Parkinsonism: a set of symptoms, not a diagnosis

Bradykinesia (slowness)

Tremor (at rest)

Rigidity (muscle stiffness)

Postural Instability (falls)

Postural abnormality (flexed posture)

Freezing (of gait; festination or shuffling)

Atypical Parkinsonian Disorders

Diffuse Lewy Body Dementia (DLBD)
Multiple System Atrophy (MSA)
Corticobasal degeneration (CBD)
Progressive Supranuclear Palsy (PSP)
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Normal a-Synuclein s Misfolded, aggregated abnormal a-Synuclein

enes-Environment

Atypical Parkinsonian Disorders il erecions , Cascade of detrimenta

changes leading to cell
death

e Compared to PD:
* Lesscommon
* Levodopa response: None, inadequate, or unsustained response to levodopa
* Progression: Rapid, both motor and nonmotor symptoms (including dementia)
Falls earlier and more significant

Earlier loss of independence Alpha‘SVnUCLein, mlsﬂ)[d'”g
Shorter life-span 6-8 years (Potential) Cause of PD

Vidovic & Rikalovic, Cells, 2022

Parkinson disease: progressive, wide-spread

Progressive dysfunction & destruction of
dopamine and other neurotransmitter-releasing )
neurons in the brain Serotonin
Prodrome or Premotor symptoms: Acetylcholine
« Constipation GABA
* Hyposmia Glutamate
* REM behavior disorder
Doparnine producing

Clinically manifest disease: nerve cells Part ” DIagnOSIS

* Destruction of 50-60% of dopamine cells

Norepinephrine

¢ Degeneration of motor & nonmotor pathways

Multisystemic dysfunction:
motor + nonmotor features

Adam, H, et. al. 3 Biotech. 2023

Doparmine receiving nerve cells

PD: before diagnosis Diagnosis of PD: Cardinal Motor Signs _DaTscanTM
Slowness or Bradykinesia (as observed on UPDRS scale)

1 out of 2 of the following:

«  AsymmetricRest tremor (absent in 30!

+ Rigidity (stiffness) -Syn-one biopsy

Absolute Exclusion Criteria, Supportive Criteria, Red Flags

Clinically established, Clinically probable
| -CSF Seed amplification assay
Ganotic (Definitive diagnosis is post-mortem)
backgrounds i

Mouth |
gastrointestinal
tract

Chen, Ritz, PD, 2018
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PD Subtypes:

[Neuronal a-synuclein disease

Accuracy of tests

Sensitivity* (true Specificity* (true integrated staging system (NSD-ISS)]

et normal) abnormal)

DaTscan™ Brain scan 97-98%
Synone® test Skin biopsy 95-100%

Seed amplification Spinal fluid 96.3% i) Presence or absence of SNCA gene mutation
assay (SAA) analysis

* 9 subtypes based on Clinical Symptoms Plus:

ii) Presence or absence of a-synuclein in the body

Genetic testing, (Blood tests, Smell test, Gait test, Eye Voice-tests, Digital Health iii) Presence or absence of dopamine loss seen on special brain scans

*Higher numbers are better

imuni, et.al, Lancet Neurology, 2024
Thordarson D, Fu K. Diagnostic testing in Parkinson disease. Practical Neurology (US). 2024;23(7):17-20 SlmuntietalliancetNeurology 120

Exercise!

* May slow progression of PD!
¢ Improves motor and nonmotor symptoms!
* Improves Brain and Heart health!

Part Il : Treatmment
Motor Symptoms

Motivation

* Join a support group
* Pick an exercise you like and stick with it

* Join an exercise class

Exercise!

Scientific evidence reveals these exercises
improve movement and Quality of Life:
* Gait and balance and functional training
oance Others
Aqua based training
Strength/resistance training 3
i . o Dopaminergic agonists
Mind-body exercises (Tai Chi, Yoga)
(150 minutes of moderate to high intensity aerobic exercise)
carbidopa/Levodopa
Ernst M, et. al. Physical exercise for people w
systematic review and network meta-anal

Systematic Reviews 2024, * Maximize safe movement

* Minimize side-effects
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Oral carbidopa/levodopa preparations

. carbidopa-levodopa (Sinemet@® * Most potent & effective
« 25/100 IR or ER * Least side-effects

o R + Higher rate of motor fluctuations Potential side-effects of carbidopa/levodopa
. Extended-release carbidopa-levodopa capsules (Rytary®)
3. (Carbidopa and levodopa) extended-release capsules (Crexont™; Nausea: antinausea medications, ginger, take with food
4. COMT inhibitors (have to be used with carbidopa/levodopa) Motor fluctuations: Adjust the dose or use adjunct meds
* Entacapone (COMTAN®) one pill with each dose
o carbidopa-levodopa-entacapone (Stalevo®)
* Opicapone: taken once at night
. Levodopa Oral Inhaler (rescue for sudden wearing off)

Lightheadedness: Adjust dose and treat low blood pressure

Hallucinations: Adjust dose and consider medical treatment

* Inbrija®

. Splitable 6.25/25 mg carbidopa/levodopa tablets : DHIVY®

Non-Dopaminergic Medications: adjuncts to
Dopaminergic agonists carbidopa/levodopa

1. Pramipexole (Mirapex®) 1. Amantadine (primarily for dyskinesias)
Z. Ropinirole (Requi * Moderately potent e (regular) Amantadine taken 2-3 times a day
* Many side-effects * Long acting:

3. Rotigotine (Neupro® patch) G i®
¢ Gocovri

4. Apomorphine * Adjunct to levodopa
jecti e Osmolex ®
i i ol 2. M ine Oxid B inhibi MAO-BI, i i f carbidk levod
o 'Rescue’ med: sudden 'off! 'freezing . onoam.l.ne x|>ase- inhibitors (| -BI, potentiate action of carbidopa/levodopa)
+ Nausea, hypotension, hallucnations * Rasagiline (Azilect ®)
¢ (Subcutaneous infusion) ¢ Selegeline (Zelapar ®)
* Safinamide (Xadago ®)
3. Istradefylline (Nourianz ®

4. Trihexyphenidyl (Artane ®): potent anticholinergic, reserved for younger patients with severe tremor,

Time (disease progressio

Treatment of other symptoms dyskinesia

o Sialorrhea
‘Good’ on
periods

* Excessive drooling

* Dystonia

Therapeutic Window

* Abnormal postures of neck, hands, feet, trunk, mouth prolonged off

¢ Forceful closure of eyes (blepharospasm) Medication

¢ Treatment

Motor fluctuations: wearing off & dyskinesias

¢ botulinum toxin injections , other medications

Armstrong MJ & Okun MS. JAMA. 2020




Infusion e .|

: < 15D
therapies -

L-DopalEntacaponalCarbidopa
Intastinal Gel (LECIG)

Continus subcutansous

- Subcutansous L-Dopa/Carbidoy
apomarphina infusion (CSAN : peCmLidope

- Subcutaneous foslevedopaffoscarbidopa

v

* Antonini A, D'Onofrio V, Guerra A. Current and novel infusion therapies for patients with Parkinson's disease. J Neural Transm

(Vienna). 2023

25

Apomorphine HCL injection for subcuatenous use

(Onapgo™)
Subcutaneous infusion

Small syringe connected to a small tube connected to
a cartridge connected to a portable pump
Dopaminergic Agonist( added to oral carbidopa/levodopa)
98mg/20ml (4.9/ml)
continuous daily infusion for 16 h
Adjustable flow rate
A new cartridge every day
Ideal for patients with motor fluctuations who don’t have
Major cognitive disorder
Psychosis
Severe dyskinesias, lightheadedness or nausea Mean decrease in off
History of blood clots time of approx. 2 hours!

Impulsive/compulsive behaviors P ——

Neurosurgical treatments: DBS and FUS

DBS in PD:

High frequency electrical
stimulation of specific brain
areas to improve motor
symptoms: maximize good on
time, minimize off time

Foscarbidopa and Foslevodopa Injection, for subcutaneous use

(Vyalev™)

Subcutaneous infusion

Small syringe connected to a small tube connected to a portable pump
Approx 170 mg of levodopa in 1 ml
continuous daily infusion
Adjustable flow rate
Change the tube and needle every 1-3 days
Ideal for patients with motor fluctuations who don’t have
¢ Major cognitive disorder
* Psychosis
¢ able to use the apparatus Mean increase in good
on time and mean
decrease in off time of
approx. 2 hours!

Levodopa-Carbidopa Intestinal Gel (LCIG) Duopa®

Cassette containing levodopa suspension
infusion pump
Inserted via PEG-J tube into jejunum through stomach
Complications: hardware related, infections
Ideal candidate is a patient with motor fluctuations who:

* Does not have dementia or psychosis
¢ Has a caregiver who can assist with the infusion

Gastroenterologist!
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AbbVie Inc
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Part IV: Treatment
Non-Motor Symptoms

eadedness

Neurogenic Orthostatic Hypotension (nOH)

e ~60%inPD
Lightheadedness upon standing (& other symptoms)
Drop in blood pressure upon standing without an increase in heart rate
20 mm systolic or 10 mm diastolic after 3 min of standing

<15 beats per medicine increase in heart rate

Gibbons CH, et. al. J Neurol. 2017

Gastrointestinal dysfunction in PD

Gastroparesis (slow gut motility, up to 45 %)

Constipation (up to 70 %)
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Non-motor features

Sleep disorders
Neuropsychiatric
Cognitive
Dermatological
Visual

Fatigue

Visual disorders

Gastrointestinal
Genitourinary
Sexual

) Autonomic dysfunction

nOH + supine high blood pressur

Raise Head of Bed by 30 degrees or 9 inches!
Work with primary doctor/cardiologist to treat high blood pressure at night and adjust medications
that cause low blood pressure during the day
Hydration, salting, compression stockings and abdominal binder
Medication for nOH
* Droxidopa (Northera®): FDA approved for PD
* 100 mg three times a day upto 600 mg three times a day
* Headache, nausea, dizziness, supine HTN
¢ Other medications: Midodrine, Fludrocortisone

Constipation & Ga

May worsen abdominal discomfort
Back pain

Fecal impaction, perforation
Hemorrhoids and fissures
Encopresis (fecal incontinence)

Poor absorption of levodopa-worsening motor function



Reduced gastric & gut motility in PD

* Conditions that can worsen constipation
* H Pylori bacterial infection
¢ Medications

 Structural lesions
Diabetes

Fasano, et. al. Lancet Neurol 2015; 14: 625-39

Gastroparesis

Lower Urinary Tract Symptoms (LUTS)

« Bladder hyperreflexia (neurogenic bladder)
* Nocturia
* Frequency & Urgency

Primary care
Urologist

* Urinary retention is not common in PD( but common in MSA!)

* Pharmacological treatment:
* Avoid anticholinergics if possible
 Solifenacin
* Mirabegron

¢ Neurorehabilitation & Behavioral changes

Schapira, Chaudruri & Jenner, Nature Reviews | Neuroscience, VOLUME 18 | JULY 2017, doi:10.1038/nrn.2017.62

Palma & Kaufmann, Movement Disorder b 0l 10.1002/mds.27344

Sleep dysfunction

Medications that disrupt sleep

PD medications
Anticholinergics
Antidepressants

Excessive benzodiazepines
Antihistamine

Antipsychotics (such as aripiprazole, etc.)!

Non-pharmacological
treatment:

Weight loss (if high BMI)
Sleep Hygiene

Exercise (treadmill training)
Light-box therapy

Cognitive Behavioral Therapy
Acupuncture

Massage

2019 AGS BEERS CRITERIA® UPDATE EXPERT PANEL.J Am Geriatr Soc. 2019;67(4):674-694. doi:10.1111/]

Taximaimaiti, R, et. al., Current Neuropharmacology, 2021, 19, 2233-2249

Treatment of Constipation

General medical examination

Diet modification

Hydration

Fiber, bulkers, osmotics, prokinetics
Polyethylene glycol

Probiotic and Prebiotic fiber

« Barichella, et.al. Neurology® 2016;87:1274-1280
Lubiprostone

« Ondo, et. al. Neurology® 2012;78:1650-1654
Avoid metoclopramide or Reglan®!
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in PD

Primary care

Gastroenterologist

Carrasco, npj Parkinson's Disease (2018)4:6 ; doi:10.1038/s41531-018-0042-8

Sexual dysfunction

75 % of men and women report sexual dysfunction
Men:
ED
¢ Ejaculation problems
* Anorgasmia
Women:
* Vaginal dryness
 Decreased libido
* Anorgasmia
Treat mood, fatigue, sleep, eliminate
medications causative medications

Primary care
Urologist
Psychologist

Phosphodiesterase-5 (PDE-5) inhibitors (worsen OH!)

Palma & Kaufmann, Movement Disorders, Vol. 33, No. 3, 2018, DOI: 10.1002/mds.27344

Sleep dysfunction treat

Obstructive Sleep Apnea (OSA)

* CPAP, other devices

Insomnia

¢ Melatonin

* Rotigotine
Rasagiline

* Mirtazipine

* Doxepin

REM behavior disorder

¢ Melatonin

* Clonazepam

Paima & Kaufmann, M

Sleep specialist

¢ Restless legs & Periodic Limb movementsin sleep
* Dopaminergic agonists
¢ Rotigotine, Pramipexole, Ropinirole
* Gabapentin, Pregabalin, Gabapentin Enacarbil
¢ Check serum Iron levels
¢ Excessive daytime sleepiness
* Modafinil
* ?Amantadine
* ? Caffeine

Rukal 0 (2022 s//dol.ore/ harm.2022.1089

Taximaimaiti, %, et. al., Current Neuropharmacol

Suzuki, K, Journal of Parkinson's Disease 11 (2021) 971-992 105 pre:




Neurocognitive & Neuropsychiatric

Mild cognitive impairment (MCl) and Dementia ® Apathy

¢ Up to 83 % of patients
* Donepezil, Rivastigmine, Galantamine
¢ Cognitive rehabilitation
* Family Support
Mocod disorders
35 %- 60% prevalence
Optimize PD medications
Venlafaxine, Paroxetine
Other common antidepressants
Cognitive behavioral therapy (CBT)
* ?ECT, TMS

Palma & Kaufmann, Movement Disorders, Vol. 33, No. 3, 2

Fatigue

* Investigate medical causes of fatigue:
¢ Mood disorder
* Poor sleep
¢ Other medical conditions

* Sleep study if concern for a sleep disorder

Palma & Kaufmann, Movement Disorders, 2018

Seppi, K, et. al. Mov Disord. 2019

Skin & Eyes

* Dermatological evaluation

* Melanoma & other skin conditions are more

commonin PD
Eyes:
* Glaucoma
* Styes
Blepharitis
Dry-eye syndrome
Cataracts

Double vision, blurred vision, depth-
perception, color desaturation

Stuparu AZ, et.al. Narrative Review Concerning the Clinical Spectrum of Ophthalmological Impairments in Parkinson's Disease. Neurol Int.

2023

Cognitive Neurologist

Psychologist
Optimize PD medications

Rivastigmine
(Pirebedil-dopamine agonist)
Stimulants

?CBT

?Exercise

Psychiatrist

Impulse control disorder
Minimize or eliminate dopaminergic agonists
Avoid these medications in high-risk patients

e CBT

? Naltrexone, Valproic acid, Amantadine

Non-pharmacological treatment
* Exercise
* Behavioral therapy
Pharmacological options
Optimize PD medications
Rasagiline
Amantadine
Modafanil
Methylphenidate

Optometrist
Ophthalmologist

Neuro-ophthalmologist

Primary care
Psychologist
Sleep specialist

Colloca, L, et. al., Nature

Neurocognitive & Neuropsychiatric

* Psychosis
Delusions
Visual, auditory, tactile hallucinations
Treatment

Eliminate Amantadine, dopaminergic agonists.

Minimize: anticholinergics, pain
medications, certain cardiac meds

Psychiatrist or Neuropsychiatrist

Investigate & treat any underlying medical conditions (UTI)
Quetiapine, Pimavanserin [FDA approved], clozapine

Acetylcholinesterase inhibitors
Psychotherapy
Caregiver support!

Pal Kaufmann, Movement Disorders, Vol. 33, No. 3, 2018, DOI: 10.1002/mds 27344

Samudra, N, et. al., Drugs A

Pain

* Types of Pain
¢ Musculoskeletal ( 70%)
¢ Dystonia (20%)
¢ Neuropathic (including radicular) (20%)
¢ Central neuropathic (10%)

Pain specialist
Orthopedist
Physiatrist
Psychologist
Psychiatrist

Treatment of Pai
Optimize PD medications
Musculoskeletal pain
¢ Anti-inflammatory
Dystonia
¢ Chemodenervation with botox
¢ Benzodiazepines
o Trihexyphenidyl
Neuropathic
¢ Identify etiology
* Symptomatic treatment
Central neuropathic pain
¢ Gabapentin and related drugs
* TCA

Camacho-Conde & Campos-Arillo, Korean J Pain 2020;33(1):90-96 https://dol.org/10.3344/kjp 2020.33.1.90

Avoid Isolation!

Friends and Family

Social engagements
Community Participation
Communal Education & Exercise

lume 3 | Article Number 17002 | doi:10.1038/nrdp.2017.2
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Researc

Part V: Research! Farinsoma 44% are disease modifying!

Clinical Trial
Pipeline

Severalin Phase 2/3

GLP1r agonists
PADOVA Tl’ial Mixed results in clinical trials

) Some studies are ongoing
Phase 28->3 trial 5 9 #
IV Prasinezumab \

586 early-stage PD patients Inhibit Inhibit
R e ey onidative-stress

Advanced PD on symptomatic therapy

Placebo vs drug

Outcome: "Time to progression on the UPDRS" and Milestone events

'

eurolog ifferent-approach arkinson-disease-progression
Management of
Parkinson's
Disease

0477733121

Regulate impaired Attenuate dopamine
autophagy epletion

Multidisciplinary team

Stem cells and PD

Neurologist,

https://www.apdaparkinson.org/article/understanding-stem-cell-therapy-in-parkinsons-disease-treatment/

Phase 1->3 study using Bemdaneprocel stem * Phase 2A studying using mesenchymal stem
cells in the brain: exPDite-2 cells to treat Parkinson’s completed with
. . promising results
Embryonic pluripotent stem cells
Dopamine precursor stem cells directly Safe and tolerable
injected (Grafted) into putamen Bone marrow derived (mesenchymal stem cells)
102 subjects IV infusion
Outcome: improvement in ‘good’ on time About 45 subjects

Phase 3 is being planned
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