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A B S T R A C T   

Background: Parkinson’s disease (PD) management seeks to balance the benefits and harms of current medica
tions and evolves as the disease progresses. The natural history of PD and associated patterns of treatment change 
were analyzed to identify unmet needs in treatment of PD symptoms. 
Methods: Medical charts of patients from clinics across the US diagnosed on or before June 30th, 2014 were 
retrospectively reviewed. Index date was the first clinic visit, and the post-index period was through study end 
(June 30th, 2019). Outcomes included the frequency of therapy changes in the post-index period, reasons for 
therapy change, and adverse events (AE). 
Results: Patients (n = 203) at index were receiving levodopa-peripheral dopa decarboxylase inhibitor (PDDI) 
monotherapy (47%), dopaminergic agonist (DA) monotherapy (15%), monoamine oxidase B inhibitor (MAOBI) 
monotherapy (14%), or combination therapies. The percentage of patients in Hoehn-Yahr disease Stage 1–2 was 
52% at index and 20% by the end of the study. Frequencies of motor, non-motor, and neuropsychiatric symptoms 
increased during the enrollment. Levodopa-PDDI monotherapy and levodopa-PDDI + MAOBI had the lowest 
rates of therapy changes. Symptom relapse was the most common reason for dose escalation, add-on, and dose 
reduction, whereas AEs were the most common reason for discontinuation and switching. Dose escalation, add- 
on, and forward switch were most likely to occur in the first 6 months of treatment. 
Conclusions: Therapy changes during the study period reflected the challenging and evolving management of PD 
as the disease progresses. New or add-on symptomatic treatments are needed that are well-tolerated and able to 
control PD symptoms.   

1. Introduction 

Parkinson’s disease (PD) is a movement disorder characterized by 
gait disturbance, bradykinesia, tremor at rest, muscle rigidity, and 
postural instability[1]. Non-motor symptoms are also common and may 
include constipation, sleep disturbances, orthostatic hypotension, erec
tile dysfunction, constipation, and urinary incontinence[2]. Patients 
also commonly experience neuropsychiatric symptoms such as halluci
nations, dementia, cognitive impairment, depression, and anxiety[2]. 
The motor symptoms of PD are primarily attributed to low dopamine 
levels in the brain as a consequence of the progressive loss of dopami
nergic neurons[3]. Current therapies seek to improve motor symptoms 
by increasing dopamine levels[4]. The dopamine precursor levodopa is 

the most potent therapy for PD and is the gold standard for the treatment 
of motor symptoms,[4,5] but chronic administration can itself lead to 
motor and autonomic symptoms, particularly dyskinesia[6,7]. Dopa
minergic agonists (DA) are another class of first-line PD treatments, 
however, DA can be associated with non-motor side effects such as 
hallucinations, impulse control disorders, sudden daytime sleepiness, 
and acute orthostasis[8]. Inhibitors of monoamine oxidase B (MAOB), 
the enzyme that breaks down dopamine in the brain, are less effective 
than levodopa or DA, but are better tolerated[9,10]. 

There are currently no approved treatments that prevent the pro
gression of PD and there are no widely accepted treatment guidelines 
[10]. Treatment is tailored to the individual and becomes more complex 
over time as the disease progresses[9,10]. Management of symptoms is a 
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balancing act between the benefits and harms of medications used not 
only to treat the motor symptoms of PD (anti-PD medications), but also 
supportive medications used to treat the non-motor and neuropsychi
atric symptoms[9,11]. Physicians and patients may change regimens 
and doses as symptoms wax and wane and as drug-related adverse 
events occur. Add-on treatments may help to reach this balance by 
delaying increases in doses of anti-PD medications or delaying switches 
to anti-PD medications that are more effective but have poorer tolera
bility[10]. 

The nature of PD management necessitates changes in therapy as the 
disease progresses and in response to tolerability and efficacy issues. The 
objective of this analysis was to describe the natural history of PD and 
associated patterns of treatment change in a cohort of patients in the 
United States, in order to identify unique challenges and unmet needs in 
PD. 

2. Methods 

2.1. Study design 

This was a retrospective medical chart review of patients with PD 
managed in 18 neurology, neuro-psychiatric, and geriatric clinics across 
the United States. Potential study sites were identified based on rec
ommendations from the study sponsor as well as previously vetted 
clinics identified during prior chart review studies conducted by the 
study investigators. In order to obtain a representative mix of study sites, 
specific clinics were recruited based on the type of specialty practice (i. 
e., general neurology, specialty neurology, neuro-psychiatric, and geri
atric practices), the size of practice, practice designation (single or 
multi-specialty), geographic location, affiliations, and the study in
vestigators’ prior experience of site willingness for recruitment and 
collaboration. 

Duration of patients’ charts spanned at least 5 years, starting on June 
30th, 2014 or before, up to June 30th, 2019. The earliest date of the first 
eligible clinic visit was designated as the index visit. The post-index 
period was defined as any time during the study period after the first 
31 days following the index visit. 

A central Institutional Review Board reviewed the study protocol and 
approved a waiver of patient informed consent. All abstracted chart data 
was completely de-identified of any protected patient health 
information. 

2.2. Chart abstraction 

A detailed electronic chart abstraction form (eCAF) was developed 
for the study. Chart abstracters were clinically trained healthcare pro
fessionals with extensive previous experience in chart abstraction. All 
chart abstracters were given a chart abstraction manual, detailed in
structions, key variable definitions, and a trouble-shooting guide. 

Data on demographics, clinic site characteristics, patient clinical 
characteristics (e.g., disease stage and PD symptoms), comorbidities, 
details of anti-PD medication use to manage primary motor symptoms (i. 
e., levodopa-peripheral dopa decarboxylase inhibitor [PDDI], DA 
[ropinirole, pramipexole, rotigotine], catechol-O-methyltransferase in
hibitors [entacapone, tolcapone], MAOB inhibitors [rasagiline, selegi
line, safinamide], anticholinergics [trihexyphenidyl, benztropine], 
amantadine) and details of supportive PD medication use to manage 
non-motor symptoms (i.e., medications for nausea, depression, rapid eye 
movement sleep behavior disorder, orthostatic hypotension, sialorrhea, 
hallucinations, Parkinson’s disease dementia, Parkinson’s disease mild 
cognitive impairment) were abstracted from the patient charts into the 
eCAF. Disease stage (Stages 1–5) was based on Hoehn-Yahr (H-Y) scores; 
[12] however, H-Y scores were not readily available within all patient 
charts. Therefore, a symptom-based algorithm was developed to mirror 
the H-Y score based on laterality and documented impairments (Sup
plemental Table E1). Patients may have had additional staging 

information derived from the Unified Parkinson’s Disease Rating Scale 
or from information captured by the Mini Mental scores for psychiatric 
PD manifestations. 

The abstracted data were uploaded into an abstraction database. A 
quality control assessment of the abstraction database was conducted in 
tandem with the chart abstraction process. 

2.3. Patient selection 

Patients eligible for the study were required to have a diagnosis of PD 
indicated by an International Classification of Disease, Ninth Revision, 
Clinical Modification (ICD-9 CM) code of 332.XX or International 
Classification of Disease, Tenth Revision, Clinical Modification (ICD-10 
CM) code of G20.XX or G21.XX on or before June 30th, 2014. Eligible 
patients also had to have initiated treatment with a PD medication 
within 30 days after diagnosis, had at least 2 clinic visits for PD between 
the index visit and the end of the study (June 30th, 2019), and had a 
record of a medication order for a PD medication within 6 months of the 
end of the study. Patients excluded from the study were those with a 
deep brain stimulation surgical procedure during the study period, those 
with a concomitant diagnosis of dementia at the index visit (e.g., ICD-9 
CM code of 290.XX, 331.XX, 292.XX, 291.2X, 294.1X or ICD-10 code of 
F01.XX, F03.XX, G31.XX, F02.XX, F10.27, F10.97, F18.97, F18.17, 
F18.27, F13.27, F13.97, F19.97, F19.17, or F19.27), and those with 
missing age or sex information. 

2.4. Outcomes 

Outcomes for the study were the frequency of therapy change (e.g., 
dose escalation, dose reduction, discontinuation, switching, and add-on 
therapy) per patient per year (PPPY) in the post-index period, reasons 
for therapy change, adverse events (AEs) associated with medication 
(drug-related AEs), and the consequence or intervention because of 
drug-related AEs. 

Therapy changes could be initiated by the physician or patient- 
initiated with approval of the treating physician. Multiple therapy 
change situations may have occurred with the same patient, but each 
therapy change event was counted and reported separately. Dose esca
lation and dose reduction were defined as a record in the chart indi
cating that the maintenance daily dose of the index anti-PD medication 
increased or decreased, respectively, by at least 25% during the post- 
index period. Discontinuation was defined as a record in the chart 
indicating discontinuation of the index anti-PD medication with no 
further reported use of the drug during the post-index period. Forward 
switching was defined as a record in the chart of discontinuation of the 
index anti-PD medication and initiation of a different anti-PD medica
tion within at least 30 days and its use continued over the remainder of 
the post-index period. Add-on was defined as a record in the chart 
indicating that one or more anti-PD medications were added to the index 
anti-PD medication within at least 30 days after a record of index drug 
use and use of the add-on medication continued over the remainder of 
the post-index period. 

Reasons for therapy change were tracked post-index in a binary 
fashion (yes/no) using the following reasons: 1) patient reported an AE 
that required a therapy change; 2) patient/physician perceived lack of 
efficacy (based on subjective or objective evidence); 3) patient had an 
acute exacerbation event (i.e. relapse of symptoms); 4) patient com
plained of ‘wearing off’ effect /’on-off’ phenomenon; 5) patient was not 
adherent or complained about adherence; 6) physical exam or other 
tests indicated progressive disease; 7) excessive medication monitoring 
was required; 8) potential drug-drug interactions; 9) potential drug- 
disease interaction (interaction with current comorbidities); 10) exces
sive cost to the patient; 11) medication not covered on insurance with 
forced switch to covered formulary product; or 12) other reason. 

For drug-related AE reporting, the nature and severity of the AE, any 
indicators of clinical consequence that occurred based on the AE, and 
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whether or not a therapy change occurred because of the AE, were 
captured for the post-index period. Drug-related AEs captured during 
the post-index period included physical AEs (e.g., nausea/vomiting, dry 
mouth, constipation, blurred vision, dizziness, fatigue, dry skin/eyes, 
urinary retention, sexual dysfunction, headache, orthostatic hypoten
sion, sialorrhea) and neuropsychiatric AEs (e.g., depression, anxiety, 
hallucinations, excessive sedation, impulsive and compulsive behaviors, 
cognitive impairment/mental confusion). Severity of AEs was based on 
the accepted National Cancer Institute’s AE Severity Grading Score or 
the Common Terminology Criteria for Adverse Events AE Grading sys
tem, with Grade 1 (mild) defined as asymptomatic or mild symptoms 
with clinical or diagnostic observations only and no intervention indi
cated, Grade 2 (moderate) defined as minimal, local or noninvasive 
intervention indicated and limiting age-appropriate instrumental ac
tivities of daily living (ADL), Grade 3 (severe or medically significant but 
not immediately life-threatening) defined as hospitalization or prolon
gation of hospitalization indicated, disabling, and limiting of self-care 
ADL, Grade 4 defined as having life-threatening consequences with ur
gent intervention indicated, and Grade 5, defined as death related to the 
AE. Consequences or interventions (e.g., no intervention or therapy 
change) because of the AE, and the date of the consequence or inter
vention, were captured for the post-index period. 

2.5. Statistical analysis 

The number of therapy changes was normalized to PPPY given the 
variable observation time windows for each patient in the study. All 
continuous variables were analyzed for mean, median, standard devia
tion, and inter-quartile ranges, as appropriate. All categorical variables 
were analyzed as percentages or frequencies. Statistical comparisons 
among groups for the analyzed outcomes were precluded in many 
comparisons by the small case count. All analyses were conducted using 
SAS version 9.4 statistical software (Cary, NC). 

Post hoc analyses of outcomes by age of disease onset (<68 y vs ≥ 68 

y), duration of disease (<median duration vs ≥ median duration), and 
index disease stage (Stage 0–2 vs Stage 3–5) were completed, since these 
have been identified in the literature as potentially important drivers of 
therapy change and/or patterns of PD treatment. The specific strata used 
were arbitrary and subjective. 

3. Results 

3.1. Patient demographics 

Data were collected from 203 eligible patient charts from 18 clinics 
across the United States. The mean time from PD diagnosis to end of data 
collection was 6.9 years. Most (88%) of the patients were managed in a 
general neurology clinic. At the index visit, the majority (63%) of pa
tients were on levodopa-PDDI, either as monotherapy or in combination 
with other anti-PD medications. The largest proportion of patients were 
receiving levodopa-PDDI monotherapy (47%), followed by DA mono
therapy (15%), MAOBI monotherapy (14%), levodopa-PDDI + MAOBI 
(7%), and levodopa-PDDI + DA (5%). 

The majority of patients were male (59%) with a mean age of 75 
years (Table 1). Information on race was only available for 44% of pa
tients; of these patients, 83% were white. Patients receiving levodopa- 
PDDI monotherapy at the index visit had the highest mean age (78 
years) and had a higher age of onset (71 years) compared with patients 
receiving DA or MAOBI monotherapy (Table 1). In contrast, the patients 
receiving DA or MAOBI monotherapy at the index visit had a signifi
cantly longer duration of PD compared with those receiving levodopa- 
PDDI monotherapy. 

3.2. Patient clinical characteristics at index and post-index 

At the index visit, the majority (52%) of patients were in Stage 1 or 2 
of disease, but by the end of the study only 20% were in Stage 1 or 2 
(Supplemental Figure E1). The most common worsening motor 

Table 1 
Patient characteristics at index overall and by index medication.    

Index Medication 
Characteristic Total 

Population 
(N = 203) 

Levodopa-PDDI, no 
DA, no MAOBI 
(n = 95) 

Levodopa-PDDI +
DA, no MAOBI 
(n = 10) 

Levodopa-PDDI +
MAOBI, no DA 
(n = 15) 

DA 
monotherapy 
(n = 30) 

MAOBI 
monotherapy 
(n = 29) 

Other 
combinations 
(n = 24) 

Age, mean y (SD) 75 (9.6) 78 (9.7) 74 (8.8) 75 (5.8) 71 (8.3) 73 (9.1) 71 (8.8) 
Male, n (%) 120 (59) 48 (51) 8 (80) 9 (60) 15 (50) 22 (76) 18 (75) 
Age at PD onset, mean 

y (SD) 
68 (9.8) 71 (10.0) 65 (10.7) 68 (5.7) 63 (9.3) 65 (8.7) 63 (8.8) 

Duration of PD, mean y 
(SD) 

7.4 (2.8) 7.0 (2.4) 9.2 (4.7) 6.7 (1.3) 8.0 (3.3) 7.6 (2.1) 8.0 (3.6) 

Referral status, n (%)        
New patient 13 (6.4) 8 (8.4) 0 0 1 (3.3) 3 (10.3) 1 (4.2) 
Not documented 54 (26.6) 26 (27.4) 4 (40) 4 (26.7) 8 (26.7) 8 (27.6) 4 (16.7) 
Referred patient/ 
established 

136 (67.0) 61 (64.2) 6 (60) 11 (73.3) 21 (70.0) 18 (62.1) 19 (79.2)  

Comorbidities, n (%)        
Depression 28 (13.8) 15 (15.8) 2 (20) 1 (6.7) 4 (13.3) 4 (13.8) 2 (8.3) 
Alzheimer’s disease 36 (17.7) 17 (17.9) 2 (20) 2 (13.3) 5 (16.7) 4 (13.8) 6 (25.0) 
Arthralgias 6 (3.0) 0 0 2 (13.3) 3 (10.0) 1 (3.5) 0 
Hypertension 72 (35.5) 37 (39.0) 3 (30) 2 (13.3) 20 (33.3) 11 (37.9) 9 (37.5) 
Heart failure 2 (1.0) 0 0 0 1 (3.3) 1 (3.5) 0 
Stroke 4 (2.0) 3 (3.2) 1 (10) 0 0 0 0 
Neoplastic disease 20 (9.9) 9 (9.5) 0 3 (20) 3 (10.0) 3 (10.3) 2 (8.3) 
COPD 1 (0.5) 0 0 0 1 (3.3) 0 0 
Asthma 6 (3.0) 4 (4.2) 0 0 1 (3.3) 1 (3.5) 0 
Diabetes 21 (10.3) 10 (10.5) 1 (10) 1 (6.7) 4 (13.3) 2 (7.0) 3 (12.5) 
Multiple sclerosis 1 (0.5) 0 1 (10) 0 0 0 0 
Traumatic brain 
injury 

2 (1.0) 1 (1.0) 1 (10) 0 0 0 0 

Psychotic disorder 2 (1.0) 1 (1.0) 0 0 1 (3.3) 0 0 

COPD, chronic obstructive pulmonary disorder; DA, dopaminergic agonist; MAOBI, monoamine oxidase B inhibitor; PD, Parkinson’s disease; PDDI, peripheral dopa 
decarboxylase inhibitor; SD, standard deviation. 
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symptom at the index visit was tremor, documented in 38% of patients 
(Fig. 1)A. From the index visit through the post-index period, there was a 
substantial increase in the percentage of patients experiencing wors
ening gait disturbance and falls (Fig. 1)A. There were also increases in 
the percentage of patients reporting neuropsychiatric symptoms, with 
the largest rate increases documented for cognitive impairment, hallu
cinations, and dementia (Fig. 1)B. Increases in the percentage of patients 
reporting non-motor symptoms were documented, with the largest rate 
increases observed for constipation, fatigue, and dysphagia (Fig. 1)C. 

At the index visit, the most common medications used to treat motor 
symptoms were carbidopa/levodopa, the MAOBI, rasagiline, and the 
DA, pramipexole (Table 2). The percentage of patients using carbidopa/ 
levodopa increased from the index visit through the post-index period 
whereas there was a small decrease in the percentage of patients using 
rasagiline and pramipexole (Table 2). There was a substantial increase in 
the use of supportive medications used to treat neuropsychiatric and 
non-motor PD symptoms, in particular anti-depressants, anti-psychotics, 
cholinesterase inhibitors, and benzodiazapines (Table 2). Nausea/ 

vomiting was the most frequent drug-related AE and was documented 
for 16% of patients (Supplemental Table E2). The next most common 
drug-related AEs were dizziness and fatigue, which were documented 
for 5% and 4% of patients, respectively (Supplemental Table E2). The 
most common drug-related psychiatric AE was hallucination and was 
documented for 12% of patients (Supplemental Table E2). Excessive 
sedation and cognitive impairment/mental confusion were each docu
mented for 4% of patients. 

3.3. Therapy changes 

In all, 96% (n = 195) of patients had at least one therapy change; 
52% (n = 105) discontinued index treatment, 86% (n = 175) had a dose 
escalation, 56% (n = 114) had a dose reduction, 71% (n = 145) had an 
add-on therapy, and 51% (n = 104) had a forward switch. Dose esca
lation was the most common documented therapy change (Fig. 2). Pa
tients receiving DA monotherapy at the index visit had the highest rates 
of dose escalation and forward switch, whereas patients receiving 

Fig. 1. Percentage of patients with A) worsening neuromotor, B) psychiatric, and C) non-neuromotor symptoms at index and post-index.  
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levodopa-PDDI + DA had the highest rates of add-on, discontinuation, 
and dose reduction (Fig. 2). Patients receiving levodopa-PDDI mono
therapy or levodopa-PDDI + MAOBI had the lowest rates of all therapy 
changes. Patients with older age of PD onset were less inclined to have 
add-ons and more inclined to have dose escalations than younger onset 
patients (Supplemental Table E3). Patients with higher index disease 
stages were more inclined to discontinue therapy than lower index 
disease stage patients (Supplemental Table E3). 

Among patients with a therapy change, the most common reason for 
dose escalation, add-on, and dose reduction was that the patient had a 

relapse of symptoms, whereas AEs were the most common reason for 
discontinuation and forward switch (Fig. 3). The greatest percentage 
who changed therapy because of AEs (besides “other combinations”) 
were those receiving levodopa-PDDI + MAOBI and DA monotherapy 
(both 53%) and the lowest percentage were those receiving levodopa- 
PDDI monotherapy (28%; Supplemental Figure E2. Patients with older 
age of PD onset were less inclined to add-on because of AEs than younger 
onset patients and patients with higher index disease stages were more 
inclined to discontinue therapy because of AEs than lower index disease 
stage patients (Supplemental Table E3). 

Among patients with a therapy change, dose escalation, add-on, and 
forward switch were most likely to occur in the first 6 months after the 
index visit (Supplemental Figure E3). Discontinuation tended to occur 
later after treatment initiation. Patients with older age of PD onset 
tended to delay switching medications while escalating doses sooner 
than those with younger age of PD onset (Supplemental Figure E4A). 
Patients with greater duration of disease tended to delay dose escalation 
and switching but tended to reduce dosage and add-on treatment sooner 
than patients with a shorter duration of disease (Supplemental 
Figure E4B). Patients with lower index disease stages tended to delay 
dose escalation but were quicker to add-on or discontinue therapy 
compared with patients with higher index disease stages (Supplemental 
Figure E4C). 

4. Discussion 

The lack of a treatment that prevents disease progression is a well- 
known unmet need in PD. The results of the current analysis are 
consistent with the known progression trajectory of PD, with rates of 
motor, non-motor, and neuropsychiatric symptoms increasing over the 
course of the study period. Accordingly, the rates of supportive medi
cations including anti-depressants, anti-psychotics, cholinesterase in
hibitors and benzodiazepines were much higher in the post-index when 
compared with the index visit. As patients and physicians struggle to 

Table 2 
Percentage of patients using medications to treat motor symptoms and sup
portive medications to treat psychiatric and non-motor symptoms of PD at the 
index visit and post-index.  

Medication, n (%) Index Post-index 

For motor symptoms   
Carbidopa/levodopa 127 (63) 180 (89) 
Rasagiline 60 (30) 56 (28) 
Pramipexole 28 (14) 27 (13) 
Ropinirole 20 (10) 28 (14) 
Carbidopa/levodopa/entacapone 14 (7) 20 (10) 
Propranolol 5 (2) 6 (3) 
Trihexyphenidyl 4 (2) 5 (2) 
Entacapone 0 17 (8)  

Supportive medications   
Antidepressant 11 (5) 34 (17) 
Benzodiazepine 9 (4) 18 (9) 
Antipsychotic 5 (2) 25 (12) 
Cholinesterase inhibitor 2 (1) 25 (12) 
Muscarinic antagonist 1 (0.5) 6 (3) 
Antihypotensive 1 (0.5) 1 (0.5) 
Dopamine antagonist 0 1 (0.5) 
Corticosteroid 0 3 (1) 
NSAID 0 0 
Alpha2-adrenoceptor antagonist 0 4 (2) 

NSAID, non-steroidal anti-inflammatory drug. 

Fig. 2. Number of therapy changes per patient per year. DA, dopaminergic agonist; MAOBI, monoamine oxidase B inhibitor; PDDI, peripheral dopa decarbox
ylase inhibitor. 

Fig. 3. Percentage of patients reporting various reasons for therapy change among those who had a therapy change. Totals can add up to more than 100%.  
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seek the balance between managing symptoms and tolerability, a high 
rate of therapy changes were documented, highlighting the unstable, 
changing dynamic nature of PD therapy. This suggests there is a need for 
well-tolerated treatments to manage symptoms, possibly through add- 
on treatments that delay dose escalations or treatment switches. 

Symptom relapse was the most common reported reason for dose 
escalation, add-on, and dose reduction, suggesting that treatments may 
not have been adequate by themselves or were inadequately titrated for 
maximal effect. A prospective, international, observational real-world 
study of PD therapies in 2195 patients followed for 33 months found 
that DA monotherapy decreased over time whereas adding-on of DA to 
levodopa increased over time, supporting the well-known observation 
that most patients eventually require combination treatment to manage 
symptoms[13]. Adverse events were the most common reason for dis
continuations and for forward switching in the current analysis. The 
lowest rate of discontinuation was in patients receiving levodopa-PDDI 
monotherapy, indicating the importance of this ‘gold standard’ treat
ment in managing PD and PD symptoms. Similarly, a retrospective 
claims database analysis of patients with PD in the United States by 
Houghton et al,[14] found that a smaller percentage of patients (30.4%) 
initiated on levodopa (with or without PDDI) monotherapy switched or 
added-on therapies compared with DA monotherapy (60.6%) or MAOBI 
monotherapy (72.8%). 

Analysis of the time to therapy changes indicated that switching, 
dose escalation, and add-on occurred most frequently in the first 6 
months after the index visit. These changes are likely as physicians and 
patients adjusted to the medications and experimented with what 
worked best for them. More detailed analyses of therapy changes indi
cated a cautious approach to treatment for patients with an older age of 
PD onset, with delays in switching and earlier dose escalations 
compared with younger age of onset, possibly in attempts to remain on 
each medication for as long as possible. The retrospective database 
analysis by Houghton et al,[14] also found that switching or add-on was 
delayed in older patients compared with younger patients. In contrast, 
the current analysis found that patients in early disease stages at index 
delayed dose escalations and were quicker to add-on therapies. Add-on 
therapies may be an approach that keeps patients on treatments longer 
without increasing the dose, saving the need for dose escalation until the 
disease becomes more severe. Recently, the approach of initiating low- 
dose levodopa monotherapy early in disease has been advocated, pri
marily based on results from the PD MED and Levodopa in Early Par
kinson’s Disease studies.[15–17] A follow-up analysis of the current 
study is planned to evaluate therapy changes over time specifically in 
patients initiating levodopa monotherapy. In addition, more modeling 
analyses are ongoing to develop predictive models of reasons for therapy 
change and time to therapy change. Modeling of therapy changes in 
newly defined PD subtypes that are influenced by disease duration and 
severity may also be valuable.[18] 

Limitations of the analysis include those inherent to retrospective 
chart reviews, such as data entry errors into either the chart or the eCAF 
and missing or incomplete information. Another limitation of the anal
ysis is that while the chart record indicated medication utilization, the 
patient may not have filled the prescription or taken the medication as 
prescribed. Furthermore, samples of medication given to the patient 
may not have been captured in the chart. Some of the therapy changes 
may have been driven by insurance formulary changes, rather than for 
clinical reasons and may not have been recorded in the chart. The an
alyses may also be subject to selection bias since the charts were not 
randomly selected, and the recruited sites may not be truly reflective of 
general PD treatment patterns. Generalizability of the analysis may be 
impacted by the small sample size and potential selection bias. 

5. Conclusions 

Changes to symptomatic PD therapy were common over the study 
period, reflecting the challenging and evolving management of PD as the 

disease progresses. New or add-on symptomatic treatments are needed 
that are well-tolerated and able to control PD symptoms. 
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