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Early Clinical Predictors of
Treatment-Resistant and Functional
Outcomes in Parkinson’s Disease
Roger Kurlan, MD,1,* Bernard Ravina, MD,2 Shirley Eberly, MS,3 Anthony E. Lang, MD,4 Caroline M. Tanner, MD,5 Kenneth Marek, MD,6

Karen Marder, MD,7 James Beck, PhD,8 Robin Elliott, MA,8 David Oakes, PhD,3 Ira Shoulson, MD,9 on behalf of the PSG PostCEPT
(LABS-PD) Investigators

Abstract: Background: The aim of this work was to identify early clinical predictors of important outcomes
in Parkinson’s disease (PD). In PD, treatment-resistant (e.g., dementia, falling) and other important functional
outcomes (e.g., declines in quality of life [QOL] and activities of daily living [ADL]) emerge and become
increasingly disabling.
Methods: We analyzed longitudinal data from 491 early, untreated PD subjects who enrolled in the PreCEPT
trial, had baseline SPECT dopamine transporter deficit, and have continued in the PostCEPT observational
cohort. After PreCEPT, antiparkinsonian medications were added if needed. Baseline clinical precursors were
examined as potential predictors of selected outcomes. Separate and multivariate logistic regressions,
adjusted for certain baseline factors, were performed for dichotomized outcomes evaluated at the last
PostCEPT visit.
Results: On enrollment, subjects had average disease duration of 0.8 years and were followed for an average
of 5.5 years. Some baseline precursors were found to be predictive: disease stage, cognitive, and ADL scores
for dementia; disease stage, ADL, and motor and freezing scores for hallucinations; disease stage,
depression, ADL, and freezing and walking scores for falling; and ADL, depression, and motor and walking
scores and disease stage for QOL decline. No baseline clinical feature predicted decline in ADL. Being on
levodopa was not a significant predictor of any outcome, but subjects on a dopamine agonist were
significantly less impaired with respect to falling, abnormal Mini–Mental State Examination, and QOL.
Conclusions: Although there are limitations, results support the value of longitudinal follow-up of clinical trial
populations to identify early clinical precursors of important outcomes and thereby identify high-risk patients
early on.

Parkinson’s disease (PD) is the second-most common neurode-

generative disease. Involvement of dopamine-releasing nigral

neurons leads to the characteristic features of PD, namely,

bradykinesia, resting tremor, rigidity, and postural instability. In

recent years, attention has focused on the more widespread

distribution of neurodegeneration1 and the importance of so-called

nonmotor aspects of PD.2 Studies suggest that as the disease

advances, it is these nonmotor features, which tend to be poorly

or unresponsive to dopaminergic therapy, that often dominate

in producing disability and reducing quality of life (QOL).3

Whereas most research efforts to identify disease-modifying,

neuroprotective therapies in PD have been directed toward
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nigral degeneration and motor decline, it is just as worthwhile

to consider experimental therapies aimed at delaying or pre-

venting the appearance of nonmotor, treatment-resistant features

or in slowing declines in activities of daily living (ADL) and

QOL. Clinical trials can be more efficient and less costly when

a high-risk subject cohort can be identified and studied. With

these principles in mind, we analyzed data from a large cohort

of PD patients that has been systematically assessed longitudi-

nally since early disease (PostCEPT cohort4) in order to

determine the frequency of onset of key treatment-resistant

nonmotor (dementia, hallucinations) and motor (falling)

outcomes and measured declines in ADL and QOL and those

baseline clinical features that best predicted these outcomes.

Our focus on falling, psychosis, and cognitive impairment is

particularly important given that, when present in early PD,

these features are associated with increased mortality.5 It is also

possible that the presence of these particular outcomes early on

could indicate a more appropriate diagnosis of dementia with

Lewy bodies.

Patients and Methods
The PostCEPT cohort consists of 537 patients originally

enrolled with early, untreated PD as part of a controlled clinical

trial of a mixed-lineage kinase inhibitor (PreCEPT trial)6 and is

part of a longitudinal clinical assessment program for biomarker

development that has been previously described.4 After com-

pleting PreCEPT, subjects were treated with symptomatic

antiparkinsonian medications as dictated by emerging disability.

The study was approved by the authorized institutional review

board at each participating site.

Treatment-resistant outcomes were operationally defined as

follows: dementia (Mini–Mental State Examination [MMSE]7

score <24 or Montreal Cognitive Assessment [MoCA]8 score

<26), hallucinations (UPDRS9 thought disorder item score ≥2),
and falling (UPDRS falling item scored ≥1 or UPDRS postural

stability item scored ≥2). The functional outcomes were opera-

tionally defined as: ADL decline (Schwab and England Activi-

ties of Daily Living Scale [S/E ADL]10 score decline by ≥15
from baseline) and QOL decline (Parkinson’s Disease Quality of

Life [PDQ-39]11 summary score in the highest quartile).

Baseline clinical features assessed as possible predictors for the

outcomes included scores on the MMSE, S/E ADL, UPDRS

walking, falling, and freezing items and total motor component,

and Beck Depression Inventory (BDI]12) and Modified H & Y

stage.13 Subjects having baseline beta-CIT ((123I) beta-carboxy-

methyoxy-3-beta-(4-iodophenyl) tropane) single-photon emis-

sion computed tomography (SPECT) scans14 without evidence

of dopamine deficiency (SWEDD subjects) were identified and

eliminated from the analyses. Related to these baseline features,

subjects were excluded from the PreCEPT trial if they had H

& Y >2.5, UPDRS resting tremor score ≥3 in any body part,

dementia (MMSE ≤26), or BDI score ≥15.
Subjects meeting the criteria for each outcome at the most

recent clinical assessment were identified. Baseline clinical

features that were represented by continuous variables or that

had multiple categories were dichotomized and coded 0 or 1,

with 1 indicating more impaired status. For each baseline fea-

ture and outcome, logistic regression was used to compare sub-

jects reaching the outcome and those who did not, adjusting for

baseline age, sex, duration of PD, and treatment assignment in

the PreCEPT trial. Analyses of decline in the S/E ADL score

were also adjusted for the baseline score. Subjects already expe-

riencing an outcome at baseline were excluded from the analy-

ses of that outcome. Analyses were repeated adjusting for use of

levodopa and/or a dopamine agonist at the outcome visit. For

each outcome, those variables that were significant in the

univariate analyses were entered into a single multivariate model.

Results
At the PreCEPT baseline visit, 407 (75.8%) of the 537 subjects

who later enrolled in PostCEPT were randomized to study

medication (CEP-1357), and 130 (24.2%) were assigned to

placebo. At baseline, 491 (91.4%) of these subjects showed

evidence of dopamine transporter (DAT) deficit in striatal

uptake as assessed by beta-CIT SPECT; 43 (8.0%) of the sub-

jects showed no significant deficit and were therefore classified

as SWEDD subjects (and eliminated from our data analyses);

and 3 subjects did not have a baseline scan.

Baseline clinical characteristics at the time of enrollment into

the PreCEPT trial for the 491 DAT deficit subjects included in

the analyses are shown in Table 1.

At the time of last assessment in PostCEPT, average duration

of illness since diagnosis for these 491 subjects was 6.3 years,

and they had been prospectively followed for an average of

5.5 years; 21% were taking L-dopa alone, 32% were taking a

dopamine agonist alone, 20% were taking L-dopa and a dopa-

mine agonist, and 27% were taking neither L-dopa nor a dopa-

mine agonist.

Table 2 summarizes the results of our analyses of PreCEPT

baseline clinical predictors for subsequent PostCEPT nonmotor

and treatment-resistant outcomes among DAT deficit subjects.

The number (%) of subjects experiencing each outcome, the

odds ratios, and their 95% confidence intervals are shown.

Results shown in Table 2 were substantially unchanged when

adjusted for the use of L-dopa/dopamine agonist. For each

outcome, those variables that were significant in the univariate

TABLE 1 PreCEPT baseline characteristics, DAT deficit subjects
(N = 491)

Mean (SD) Range

Age 59.6 (9.4) 32.0–83.6
Years since diagnosis 0.8 (0.8) 0.1–5.0
Total UPDRS 25.2 (10.1) 3.0–59.5
UPDRS Motor Score 18.3 (8.0) 2.0–43.5
UPDRS Mental Score 0.7 (1.1) 0–6
UPDRS ADL Score 6.2 (3.2) 1–20
H & Y 1.7 (0.5) 1–3
S/E ADL Rater 92.8 (5.0) 70–100
MMSE 29.3 (1.0) 20–30
Beck Depression Score 2.4 (2.6) 0–14
Sex male, N (%) 325 (66)
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analyses were entered into a single multivariate model and the

results are shown in Table 3. A number of significant predictive

relationships between baseline features and later outcomes were

identified. For abnormal MMSE (<24), baseline MMSE, S/E

ADL, and UPDRS total motor score were predictive. For

abnormal MoCA (<26), baseline MMSE, S/E ADL, and disease

stage were predictive. S/E ADL was the stongest predictor of

abnormal MMSE, and both S/E ADL and baseline MMSE

were the strongest predictors of abnormal MoCA after multi-

variate analyses. (Results were similar when these two outcomes

were combined into a single “dementia” outcome.) For falling,

baseline BDI, disease stage, S/E ADL, freezing, and walking

scores were predictive. After multivariate analyses, BDI and

freezing score remained significant predictors. For psychosis

(hallucinations), baseline disease stage, S/E ADL (significant

after multivariate analysis), motor scores, and freezing were pre-

dictive. For QOL decline, baseline BDI (significant after multi-

variate analyses), disease stage, S/E ADL, motor, and walking

scores were predictive. None of the baseline clinical features

were able to predict decline in ADL. Being on L-dopa was not

a significant predictor of any of these outcomes. Subjects on a

dopamine agonist, however, were significantly less likely to fall,

experience a decline in QOL, or an abnormal MMSE.

Discussion
A potential shortcoming of our study was that we were likely

dealing with a biased sample in that it included subjects attend-

ing tertiary care centers for PD and those who had been willing

to take part in a placebo-controlled drug trial, and so the results

may not be representative of a general PD population. Another

potential bias was the medication choices made by the tertiary

care physicians, and it is unclear how these choices influenced

the impact of the medications on our outcomes. Another

potential shortcoming was the limited number of baseline clini-

cal measures that were included as part of the PreCEPT clinical

trial and the limited number of outcome measures that were

part of the PostCEPT longitudinal assessment protocol. Further-

more, the breadth and depth of a particular outcome may not

have been satisfactorily captured with the existing measures. For

example, task forces have published recommended diagnostic

criteria for dementia15 and psychosis16 in the setting of PD, and

these involve more extensive information than gathered in our

study and considered in our analyses. Another limitation is that

the predictors assessed are not determinants per se, but rather

measured risk factors of the outcomes of interest. Our study is

also limited in that we assessed outcomes only in the approxi-

mately first 5–6 years of illness.

One longitudinal study suggested that dementia is an almost

inevitable consequence of PD, present in 83% of patients after

20 years of illness.17 It is clear that dementia is a key factor in

the overall disability that emerges as the disease progresses; its

presence is associated with a 2-fold increase in mortality in PD

patients18 and neuropsychiatric aspects of dementia are major

determinants of caregiver distress,19 making dementia a critical

target for experimental therapies aimed at preventing or fore-TA
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stalling its occurrence. We found that cognitive function as

assessed at baseline with the MMSE was predictive of the emer-

gence of dementia, suggesting that cognitive decline in patients

destined for dementia has already started early in the illness.

This finding is in keeping with other studies that utilized more

extensive neurocognitive testing and identified measureable

cognitive impairments, most prominent in the areas of memory

and executive function, in newly diagnosed PD patients.20,21

The fact that motor and ADL function at baseline were also

predictive of dementia suggests that some patients have more

advanced illness, probably also including cognitive aspects, near

the time of diagnosis. It also suggests that subtle cognitive defi-

cits might contribute to difficulties in motor and daily functions

early on so that these features serve as predictors of eventual

dementia. A novel finding was that patients taking a dopamine

agonist drug were less likely to develop dementia (as well as

declines in QOL), an interesting observation that deserves fur-

ther study. It is possible that patients treated with a dopamine

agonist had lower severity of illness at the time treatment was

initiated than those treated with L-dopa, or that dopamine ago-

nists were avoided by the treating clinicians in subjects with

some evidence of impaired cognition.

Hallucinations and other manifestations of psychosis in PD

are generally viewed as consequences of dopaminergic drug

therapy. Patients with dementia are probably more susceptible

to drug-induced psychosis. It may not be surprising then that

baseline measures of disease stage (H & Y, S/E ADL) and

motor dysfunction (UPDRS total motor score, freezing) pre-

dicted the development of psychosis given that these features

may have identified individuals who would require higher doses

of dopaminergic drugs. The recorded use of L-dopa or a dopa-

mine agonist did not, however, predict the development of

psychosis.

Baseline walking, freezing, and ADL scores and H&Y stage,

which are closely dependent on the presence or absence of

imbalance in the earlier stages, are logical predictors of later

falls. It is uncertain why baseline depression is predictive of fall-

ing, and this relationship deserves further study. It is possible,

for example, that disturbances in serotonin and noradrenergic

pathways that have been linked to depression might contribute

to the mechanisms of falling in PD patients. Dementia, halluci-

nations, and falling are characteristic features of dementia with

Lewy bodies, and it is possible that, for at least some of the

patients found to have these problems early on, dementia with

Lewy bodies may be the more accurate diagnosis.

Depression, daily functional impairment, overall motor

dysfunction, and gait problems are all known important contrib-

utors to decline of QOL in PD, so their identification as pre-

dictors is logical. Depression and degree of functional

independence were similarly found to be good predictors of

deterioration of health-related QOL in the DATATOP trial

cohort.22 The failure of any of the baseline precursors to signifi-

cantly predict later decline in ADLs is unexplained, but may be

owing to the possibility that deterioration of daily functioning

in PD has heterogeneous causes across patients and that early

individual deficits cannot accurately predict this outcome.TA
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Overall, our results have generally confirmed the results of

several other studies. Our approach is, however, unique in that

it involves a very large sample size, patients very early in the

course of PD, and uses instruments commonly employed in

clinical trials. In addition, our analyses eliminated subjects with

SWEDD. Our findings suggest that we can identify baseline

clinical precursors of treatment-resistant and functional out-

comes, ultimately allowing us to identify high-risk (enriched)

patient samples for experimental therapeutic studies aimed at

delaying or preventing the appearance of these outcomes. In

this way, smaller sample sizes with selected higher-risk subjects

can be used, resulting in substantial cost savings in such future

studies. Some of the identified baseline predictors are unex-

pected and may suggest new lines of investigation into the

neurobiological mechanisms of these outcomes. It will be of

interest to determine whether biological measurements at base-

line, such as neuroimaging or metabolic analyses, add to the

predictive value of the clinical variables.
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