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The Era of Preclinical Detection of Parkinson’s 
Disease Is Upon Us: Will It Change Clinical 
Practice?

Matthew B. Stern,M.D.

•

Consider the following as a PD expert:

You are giving a talk to a patient group and after your presentation, a 55 year old man walks up
to you and asks for advice. He tells you that he is perfectly normal but has been diagnosed 
with REM Sleep Behavior Disorder after his wife complained for several years about his 
acting out in his sleep. He also has noticed an inability to smell over the last few years. 
He is at your talk because he has several relatives with PD.

Is your answer:
A. That’s interesting but there is nothing we would do now so no need to pursue at this time
B. Lets consider a dopamine imaging scan which will help better determine your risk
C. Start taking MAO-B inhibitors and NSAIDS
D. Make some adjustments in your exercise and diet regimen
E. Get genetic testing
F. Some combination of the above

Neurodegenerative disorders have a prodromal phase that may 
be detected using biomarkers

Luk et al JEM 2012; Braak et al, J Neurol 2002; Courtesy of K. Marek 

Movement Disorders 27:54-60, 2012

Toward a redefinition of Parkinson's disease, Volume: 27, Issue: 1, Pages: 54-60, First 
published: 17 January 2012, DOI: (10.1002/mds.24051) 

A redefinition of Parkinson's disease

“The past decade has seen a dramatic expansion of the field of prodromal PD. Ten 
years ago, there were only six known prodromal markers of disease, none of which 
had more than two studies documenting diagnostic value. We now have at least 16 
markers, with as many as 10 prospective studies for a single marker.”
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Cohorts in PD and prodromal PD
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Aims and Designs of pre-manifest PD 
cohorts

Major aims:

 Identification of risk and prodromal markers
 Definition of sensitivity, specificity and predicitve value of

markers
 Definition of progression markers in the prodromal phase and

time to conversion to PD
 Planning for clinical trials of PD prevention or delayed onset

and progression

Adapted from Daniela Berg

Ponsen MM, et al. Ann Neurol. 2004;56:173-81.

PARS concept: Screening with olfactory testing 
followed by DAT imaging can identify prodromal PD

 Hyposmia is present in nearly all PD patients at the time of 
diagnosis and probably develops at least 4 years prior to 
diagnosis.  Smell testing could be a sensitive, but not specific 
way to identify individuals at risk for imminent 

 Dopaminergic imaging (DATscan) is specific for parkinsonian 
syndromes, but too expensive to deploy as a primary screen 

 A two stage screening process consisting of smell testing 
followed by molecular imaging gives adequate accuracy with 
substantially improved efficiency.

 Pilot study by Ponsen and colleagues who found 10% 
frequency of abnormal dopamine imaging in about 350 
hyposmic first degree relatives of PD patients. no higher than 
general population

PARS Study:  Screening funnel then longitudinal 
follow up

(72% return 
rate)

First degree relatives & non-relatives of PD patients

Eligible subjects sent UPSIT’s (n = 9,379)

Valid UPSIT’s  (n = 4,871)

Olfactory loss  (n = 650)

Phase I Enrollment

(< 15th 
percentile)

52% returned

Hyposmic
subjects
for the

longitudinal
Cohort
N=203

Normosmic
subjects

for
longitudinal

Cohort 
N=100

BL    1     2      3 4     5     6
scans at BL, yr 2, 4 and 6

DAT deficits in Hyposmics and Normosmics

DAT deficit Normosmics
N = 100

Hyposmics
N = 203

>= 80%   92 (92%) 146 (72%)

65 – 80% 7 (7%) 34 (17%)

< 65% 1 (1%) 23 (11%)

Jennings et al, Neurology 2014

P<0.0001
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26 hyposmic converts in 6 years (14/21 (67%) DAT <65%; 6/30 (20%) 
indeterminate DAT; 6/134 (4.5%) no DAT deficit

Probability of phenoconversion over long term follow up by 
baseline DAT status in the PARS study Conclusions from the PARS study

• The PARS study demonstrates the potential to identify individuals at 
high risk for PD through a staged screening paradigm

• Long term follow up shows a sequential progression from hyposmia
to dopaminergic deficit to clinical impairment consistent with Braak
staging

• The observed rates of biomarker and clinical progression in PARS and 
other cohorts suggests that it would be feasible to test therapeutics in 
the prodromal phase of disease

Lessons learned thus far

• Individuals in PARS with prodromal PD convert to a clinical diagnosis 
of PD at a rate of about 10-15% per year

• DAT binding decreases in prodromal PD at about the same rate as 
early manifest PD

• In at least some PARS subjects, a sequential pattern of smell loss 
followed by DAT progression and then clinical PD was observed

REM Sleep Behavior Disorder (RBD)

• Sleep disturbances are 
common in PD

• Insomnia
• Daytime drowsiness
• Restless leg syndrome

• Only REM sleep behavior 
disorder (RBD) occurs prior to 
the onset of motor symptoms 
of PD

From Schenk et al, Sleep, 2002

Development of neurodegeneration in 
idiopathic RBD (n = 89)

• Dementia n= 21 (all suspected 
DLB)

• Parkinson’s disease n=17

• Multiple system atrophy n=3

Postuma et al, Neurology 2015

Decline of striatal 123I-ioflupane binding 
from baseline to 4 years for LRRK2 carriers

Sierra et al, Neurology 2017
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In idiopathic rapid eye movement sleep behavior disorder, time-to-event analysis assessing milestones of 
decline is the most efficient trial design for neuroprotective therapy.

Sample size estimates for a neuroprotective 
trial to prevent phenoconversion in iRBD

Postuma et al, Neurology 2015

Our literature review and meta-analysis confirm, on a large scale, that α-syn immunoreactivity  in vivo 
specimens has promising potential as a pathological biomarker for living PD patients. Anti-pSyn antibody 
consistently has higher specificity than anti-nSyn antibody, and examination of skin biopsy using anti-pSyn
antibody has the best diagnostic accuracy.

2020 Review Article Award

If we can make a diagnosis of 
prodromal PD, what is the 
appropriate course of action?

Can medications alter the natural history of 
PD?

The skeptics would say we have not proved it in a 
clinical trial but have we really done the right 
clinical trial?

ADAGIO: principal statistical analyses 
3 hierarchical endpoints (schematic)

Week

7212 36 48 54 60 6624 42
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Delayed-start (placebo–rasagiline)

Early-start (rasagiline–rasagiline)

B

Superiority of early-start vs 
delayed-start at study end
(mean UPDRS change from baseline 
to Week 72)

Are changes different?

C

Non-inferiority of slopes in 
active-treatment phase 
(Weeks 48–72; margin of 0.15)

Are curves non-convergent?

A

Superiority of slopes in 
placebo-controlled phase
(Weeks 12–36)

Are curves divergent?

Adapted from Olanow, Rascol et al. N Engl J Med 2009; 361: 1268 



11/17/2020

5

Premanifest Phase Clinical PD
Non-motor manifestations

Dopamine
(and other) 
neurons

Symptom
severity

DiagnosisBIOMARKER

Natural History of Parkinson’s Disease

Braak H, et al. Neurobiol Aging, 2003;24:197-211.

Starting Disease Modifying Therapy in Premanifest PD

Week

7212 36 48 54 60 6624 42

Early PDPremotor PD

2 UPDRS Points

?

(and keeping the placebo group)

•Are their meaningful clues that the onset or 
progression of PD can in fact be delayed?

Is Interferon Therapy for Hepatitis C Infection a Treatable Risk Factor for Parkinson 
Disease?

Adolfo Ramirez-Zamora, MD; Christopher W. Hess, MD; David R. Nelson, MD

JAMA Neurology Sept. 2019

Alpha synuclein pathology is prevalent in the 
healthy human appendix

Kilinger et al. Sci Trans Med 2018
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Alpha adrenergic blocker, anti spasmodic used for BPH and hypertension

Regular NSAID use may be associated with reduced penetrance in LRRK2-associated PD.

Targeting Alpha-Synuclein

• decreasing α-syn production with RNA interference (RNAi) 

• Inhibiting α-syn aggregation, promoting intracel-
lular degradation of α-syn aggregates (enhancing autophagy
and enhancing lysosomal degradation).

• Promoting extracellular degradation of α-syn via active and
passive immunization. 

Savitt and Jankovic Drugs 2019

Therapeutics: Mechanism based targets

From Sardi, Cedarbaum and Brundin, Movement Disorders 2018

Mechanism targeted therapies currently 
being tested

From Sardi, Cedarbaum and Brundin, Movement Disorders 2018

Other Disease Modifying Strategies
• Neuroprotection and                                    Stimulate insulin release (GLP-1R Agonists) 

Neuroinflammation                                       Reduce inflammation (NLRP3 inhibition)

• Lysosomal Dysfunction                                 Increase GABA and reduce alpha synuclein (GBA activators)          

Reduce mutant LRRK2 activity (LRRK2 inhibitors)

• Iron overload                                                  Reduce oxidative stress (Iron sequestration agents) 

• Gene therapies                                               Dopamine synthetic factors (enzymes, growth factors)

• Alpha-synuclein                                               Decrease production, aggregation, propagation (immunotherapies)
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FDA Guidance for accelerated approval of AD 
drugs
• Diagnosis of AD may be made based on combination of subtle clinical 

abnormalities and biomarker changes characteristic of AD
• Stage 1 defined as “truly asymptomatic” with only characteristic 

biomarker changes
• “In stage 1 patients an effect on the characteristic pathophysiological 

changes of AD, as demonstrated by an effect on various biomarkers, 
may be measured.  Such an effect, analyzed as a primary efficacy 
measure, may, in principle, serve as the basis for an accelerated 
approval…”

Source: Early Alzheimer's Disease:  Developing Drugs for Treatment:  
Guidance of Industry February 2018 

What do patients say?

• The overwhelming majority of patients queried would have chosen to 
have their diagnosis 5-10 years before symptom onset!

Reasons:
• Career and retirement planning
• Lifestyle adjustments (diet, exercise and stress reduction)
• Participate in a clinical trial if available
• Avoid costly, time-consuming and frustrating doctor visits for early, 

vague symptoms

Typical Patient Response

• “I would have preferred to get the diagnosis 5 years earlier so I could 
have had a head start on researching and developing a program that 
helped. I received the diagnosis precisely 10 years ago this week! In 
nearly every way I believe I’m better today than I was 10 years ago. Of 
course there are myriad reasons for that: The available medications 
have improved. My knowledge on the subject has increased. The 
need for working out physically combined with my workout regimen 
have all been important factors for understanding PD. I think some of 
this I could have gotten a head start on, if I knew it was coming.”

What do movement disorder specialists say?

• The overwhelming majority queried would want to know if they were 
destined to develop PD

• Reasons:
• Career and retirement planning
• Lifestyle adjustments (diet, exercise and stress reduction)
• Many would consider starting an MAO-B inhibitor and possibly other 

medications (antioxidants, anti-inflammatories)
• Clinical trials

Mov Disord May 2019

Lifestyle factors that have been studied as potential mitigators of PD:

Stress (positive relationship between life stressors and PD)

Diet (Caffeine, vitamin D, Mediteranean diet, flavinoids)

Exercise (moderate to vigorous exercise in adults reduces the risk of PD)

Consider the following as a PD expert:

You are giving a talk to a patient group and after your presentation, a 55 year old man walks up
to you and asks for advice. He tells you that he is perfectly normal but has been diagnosed 
with REM Sleep Behavior Disorder after his wife complained for several years about his 
acting out at night. He also has noticed an inability to smell over the last few years. 
He is at your talk because he has several relatives with PD.

What we might now consider:
Discuss his potential risk and the possibility of a dopamine scan to better assess his risk in 
combination with genetic testing (depending on the details of his FH).  If the DAT scan is less 
than 65% of normal, consider (or atleast discussing) the use of MAO-Bs, NSAIDS and perhaps 
Muli-vits as well as dietary and lifestyle adjustments that have been associated with a 
reduced risk of PD. Enroll in a clinical trial if available!!!
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GOOGLE SEARCH
Consider The Near Future Of Clinical Practice

Modern medicine is defined by early detection and prevention

Impacting the natural history of neurodegenerative diseases depends on intervening much 
earlier in the disease process

The response that “we can’t do anything about it so why bother diagnosing it” is 
counterproductive, likely wrong and will not help us advance the field.

Most patients and doctors queried would opt for an earlier diagnosis

Safe interventions (MAOB inhibitors, anti-inflammatories) and life style changes may impact 
onset and progression of PD. New therapies aimed at the disease process (i.e. 
immunotherapies) will necessitate earlier intervention.

We are at the threshold of clinical trials of preclinical intervention that will define the next 
generation of PD therapy.

1 Hoxton Square

E. Tolosa, Spain

W. Poewe,
Austria

J. Obeso, Spain

M. Stern, USA

PD

PD

Parkinson Associated Risk Syndrome (PARS): 
study scheme
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Risk of DAT deficit (<65%) depending on age, 
gender, hyposmia and family history

>=65% 
N=279

<65%

N=24

Adjusted 

OR (95% CI)

Adjusted 

P-Value

Age 1.01 (0.96, 1.07) 0.72

Male Gender 131 (47%) 19 (79%) 4.8 (1.6, 14.4) 0.0052

Hyposmic 180 (65%) 23 (96%) 12.7 (1.7, 96.6) 0.0143

PD in Family 133 (48%) 13 (54%) 2.2 (0.9, 5.4) 0.10

>=80% 
N=238

<80%

N=65

Adjusted 

OR (95% CI)

Adjusted 

P-Value

Age 0.98 (0.94, 1.01) 0.23

Male Gender 108 (45%) 42 (65%) 2.5 (1.3, 4.7) 0.0058

Hyposmic 146 (61%) 57 (88%) 4.6 (2.1, 10.2) 0.0002

PD in Family 116 (49%) 30 (46%) 1.1 (0.6, 2.0) 0.77

<80%

<65%

Jennings et al, Neurology 2014

SAMPLE SIZE calculations based on PARS

TIME
% Pheno

conversion
Power

Reduce by 
50%

Reduce by 
25%

2 Year 34% (20) 80%
90%

22
30

87
117

4 Year 67% (20) 80%
90%

6
8

22
30

Phenoconversion

TIME
Mean (SD) 

Change From 
Baseline Power

Reduce by 
50%

Reduce by 
25%

2 Year -8.5% (11.1) 80%
90%

108
144

427571

4 Year -20% (12.1) 80%
90%

23
31

91
122

DAT Imaging

Phenoconversion in PPMI
based on clinical or data driven definition of PD

(average of 2.5 years of follow up)

51

Definition of 
conversion

Clinical diagnosis 
(n; %)

Data driven 
diagnosis (n; %)

Genetic cohort n= 325 6 1.8% 31 9.5%*

Hyposmics n= 26 7 27% 8 30%

RBD n= 39 11 28% 13 30%

*31% of genetic cohort with positive DATscan at baseline
Data driven is defined as bradykinesia plus one other parkinsonian sign;  clinical 
diagnosis is the investigator’s judgement that a neurodegenerative diagnosis is present 
(PD, PSP, MSA, DLB,, CBD)

Conclusions

• The PARS study demonstrates the potential to identify individuals at 
high risk for PD through a staged screening paradigm

• Long term follow up shows a sequential progression from hyposmia
to dopaminergic deficit to clinical impairment consistent with Braak
staging

• The observed rates of biomarker and clinical progression in PARS and 
other cohorts suggests that it would be feasible to test therapeutics in 
the prodromal phase of disease

Risk factor LR+

Male sex 1.2

Sibling with PD and onset <50 years
old

7.5

Any first degree relative with PD 2.5

Never smoker 1.25

Regular pesticide exposure 1.5

Abnormal quantitative motor testing 3.5

Positive answers to RBD 
questionnaire

2.5

Olfactory loss 4.0

Constipation 2.2

Depression 1.8

Abnormal DATscan 40

PSG proven RBD 130


