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Aim: Current Parkinson’s disease (PD) research evaluates patients with early and severe PD, but often
overlooks patients with intermediate PD. This study aims to quantify unmet treatment needs, disease
burden and healthcare resource utilization among patients with PD within different Hoehn and Yahr
stage groups in the US. Materials & methods: Data were drawn from the Adelphi Parkinson’s Disease
Specific Programme™, a cross-sectional survey of physicians and their patients in the US from September
2021 to April 2022. Patients were staged as early (Hoehn and Yahr stage 1-2), intermediate (stage 2.5-3) or
severe (stage 4-5) PD. Analyses compared PD stages, focusing on the intermediate group. Results: Ninety-
five physicians provided data for 1251 patients; 47.4%, 40.4%, and 12.2% were early-, intermediate-, and
severe-stage PD, respectively. Mean age was 65.1, 71.8, and 77.8 years and mean time since diagnosis was
2.5, 5.1, and 7.7 years (p < 0.001) across early, intermediate, and severe groups, respectively. The mean
number of products used in current regimen was 1.1 for early, 1.9 for intermediate and 2.4 for severe
groups. The intermediate versus early group had a significantly greater proportion of patients with unmet
treatment needs (p < 0.001), e.g., slowing disease progression, providing neuroprotection. Incidence
rate ratios were increased for the intermediate versus early group for number (in previous 12 months)
of healthcare professionals involved in patients’ PD management (incidence rate ratios 1.1), healthcare
professional consultations (1.4), emergency room visits (3.8) and rehabilitation admissions (6.8). Patient-
reported quality of life was significantly poorer in the intermediate versus early group. Conclusion: This
real-world analysis found significant increases in disease burden and healthcare resource utilization for
patients with intermediate versus early PD. More effective intervention of patients at intermediate-stage
PD may improve symptom control and decrease the PD burden for patients and the healthcare system.

Plain language summary: A survey of patients with Parkinson’s disease to assess use of healthcare
resources & current treatment needs

What is this article about? This study looked at the burden of Parkinson’s disease (PD) on patients and
the healthcare system in the US. Early, intermediate and severe stages of the disease were compared.
What were the results? There were significant increases in disease burden and healthcare resource use
for patients with intermediate PD compared with patients with early PD.

What do the results mean? More effective intervention of patients at intermediate-stage PD may delay
the transition to severe PD, improve symptom control and decrease the PD burden for patients and the
healthcare system.

Shareable abstract: Disease burden and healthcare resource utilization among patients with Parkinson’s
disease (PD) is significantly greater for patients with intermediate- versus early-stage PD, indicating that
more effective intervention at the intermediate stage may delay the transition to severe PD and decrease
the burden of PD for both patients and the healthcare system.
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Parkinson’s disease (PD) is a progressive and complex neurodegenerative disorder characterized by motor symptoms
associated with the loss of dopaminergic neurons in the substantia nigra [1,2]. However, pathologic neurodegen-
eration, with its protein aggregate hallmarks, also extends to cells in other regions of the neural network and to
neurotransmitters [1,2]. With a prevalence of over 8.5 million people in 2019, PD is the second most common
neurodegenerative disease globally (3]. In 2019, in North America, the age-standardized incidence and prevalence
rates were 25.1 and 107.7 per 100,000 people, respectively [3].

The prevalence of PD is increasing in the US, with the 0.55 million cases in 2017 representing an 89.9% increase
from 1990 4], and with the age-standardized prevalence increasing to 97.0 per 100,000 in 2017, representing a
16.2% increase from 1990 [4]. Disease management has a substantial impact on patients and on the economy [5,6].
Moreover, the patient burden of PD is increasing, with a 24.8% increase in the rate of US age-standardized
disability-adjusted life-years over the ~30 years prior to 2017 (4]. In 2019, an estimated 5.8 million lost disability-
adjusted life-years were attributable to PD 7). Estimates suggested that the total economic disease burden was $51.9
billion in the US in 2017, with direct medical costs amounting to $25.4 billion, and indirect costs, such as lost
wages, missed work and family/caregiver time, making up $26.5 billion ().

The clinical features of PD are heterogeneous. However, typical motor symptoms include tremor, rigidity and
bradykinesia, with postural instability developing with disease progression [1,2,8]. PD is also associated with non-
motor symptoms, including hyposmia, urinary dysfunction, constipation, orthostatic hypotension, memory loss,
depression, pain and rapid eye movement sleep disorders, with these symptoms often appearing years before motor
symptoms [2,9]. Current diagnostic criteria are based on the presence of two of the four motor symptoms, including
tremor, rigidity, bradykinesia and postural instability [2]. Revised criteria that exclude postural instability, include
both motor and nonmotor signs, and utilize exclusion criteria and red flags, have gained increasing attention and
have been suggested to improve accuracy [9-11]. However, a definitive diagnosis is still made by histopathological
assessment confirming substantia nigra neuronal loss [2,9]. Diagnosing PD remains a challenge as clinical disease
characteristics overlap with other neurodegenerative conditions, and diagnostic tests or biomarkers do not enable
a definitive diagnosis in the early stages [9]. This often results in detection of PD in the later disease stages when
neurons have degenerated [12).

Current treatment of PD is well documented [13,14], although many unmet needs remain [15]. While levodopa
remains the mainstay of PD treatment [16], there are no disease-modifying drugs currently available for PD, nor
treatments that slow the neurodegenerative process [1,13]. To improve treatment outcomes, alternative levodopa
and other dopamine agonist formulations have been developed, including extended-release oral drugs, intestinal
gel infusion, subcutaneous and inhaled formulations, and combinations with other agents, such as catechol-O-
methyltransferase (COMT) inhibitors and monoamine oxidase-B (MAO-B) inhibitors [14], at low doses. Addi-
tionally, clinical experience is being gained for use of other advanced treatments, such as N-methyl-D-aspartate
(NMDA) antagonists [17,18]. Management strategies are also shifting toward earlier treatment combined with lower
drug doses than those traditionally used [16]. Benefits of earlier treatment, before major neurological damage occurs
and substantial motor symptoms appear, may include fewer symptoms and delayed levodopa initiation, as well as
the possibility of slowed disease progression, improved quality of life (QoL) and lower medical costs [19].

Clinical trials have failed to conclusively demonstrate that early treatment slows PD progression [19]. A key
factor has been the difficulty in distinguishing between a treatment’s ability to reduce symptoms versus reducing
‘real’ disease progression. This was the case with prasinezumab, where no significant difference was found in
terms of disease progression between treatment and placebo groups over a 1-year period, although the drug was
associated with some symptomatic improvements [20]. Evidence for early treatment is provided by a pilot clinical
trial suggesting that subthalamic nucleus deep brain stimulation plus optimal drug therapy applied in early-stage PD
could reduce the risk of developing or worsening dyskinesia [21]. Patients with PD experience significant worsening
in outcomes when progressing from both early to intermediate and intermediate to severe stage of the disease,
suggesting that more assertive and proactive treatment beyond early-stage PD would help to smooth out the steep
declines currently seen when sparing treatment options until a last resort. However, the lack of conclusive evidence
highlights the need for further research on targeted treatment approaches.

Recent estimates of the economic burden of PD on the US healthcare system underscore the need for treatments
that reduce the impact and prevalence of PD 5,6]. There are many unmet needs in the treatment and management
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of PD, including an improved understanding of PD pathophysiology to create multiple-target strategies, earlier
detection of PD using genetic, biochemical, and imaging biomarkers and improved diagnostic and PD assessment
measures. There is also an emphasis on moving treatment focus from motor symptom relief to the development of
neuroprotective therapies through improved understanding of the multi-neurotransmitter cell processes involved
in PD pathology [22].

The Hoehn and Yahr (H&Y) staging scale is widely used for the classification of PD severity and level of
disability [23,24]. The original five-stage scale has been modified to include two 0.5-point increments to allow for
midline involvement with unilateral signs, and very mild postural impairment [23]. The impact of PD has been
well documented for patients with early and severe disease. However, research is currently lacking on the particular
impact of intermediate stage on patients and the healthcare system, and how this impact changes between H&Y
stages as disease severity increases. The aim of this analysis was to quantify unmet treatment needs and disease
burden in patients with PD, as well as the burden on the healthcare system, across different H&Y stage groups in
the US. To our knowledge, this is the first study of intermediate-stage PD and disease burden, and its comparison
of intermediate-stage patients with early- and severe-stage patients makes it unique.

Materials & methods

Survey design

Data were drawn from the Adelphi Real World Disease Specific Programme (DSP)™, a cross-sectional survey with
elements of retrospective data collection of physicians and their consulting patients with PD conducted in the US
from September 2021 to April 2022. The DSP, conducted in routine clinical practice, provides real-world data on
patient demographics and clinical characteristics, disease management (including treatment history), the burden
and impact of PD and any associated treatment effects from the perspective of both patient and physician. The DSP
methodology has been utilized across various disease areas and has been previously described [25,26], validated [27],
and demonstrated to be representative and consistent over time [28]. The DSP includes a physician survey to
determine/screen for eligibility, physician-completed patient record forms, patient self-completion forms and
caregiver self-completion forms.

Participant selection
Physicians (neurologists) were eligible to participate in the survey if they were personally responsible for the
management and treatment of patients with PD and had a clinical workload of at least three patients with PD in a
typical week.

Patients were eligible for inclusion if they were aged 18 years or older, had a physician-confirmed diagnosis of
PD, and were not involved in a clinical trial at the time of data collection.

Data collection

Physicians were recruited by a local fieldwork agency and screened using the above predefined selection criteria. A
geographically representative sample of physicians who were involved in the management and treatment of patients,
and who met the inclusion criteria and agreed to participate, were recruited into the study.

Half of all participating physicians were instructed to complete patient record forms for their next 12 consecutively
consulting patients meeting the patient eligibility criteria. The other half of physicians completed patient record
forms for their next six consecutively consulting patients meeting the patient eligibility criteria, followed by seven
patients who met further criteria: one patient who had been prescribed five or more doses of oral levodopa per
day; one patient who had two or more hours of ‘OFF-time’ per day; one patient who had severe PD; two patients
who had a modified H&Y stage of 2.5; and two patients who had a modified H&Y stage of 3.0. Physicians were
allocated to a quota group at random, but neither they nor the patients were designated into study arms. The
number of patients sampled was calculated to ensure sufficient analysis power for each group, based upon each
patient’s representation within random sample data collection in prior waves of the Parkinson’s disease DSP in the
US.

Physicians reported data on patient demographics, clinical characteristics, current treatment, unmet needs of
current treatment and general patient management in terms of healthcare resource utilization (HCRU). Physicians
completed the survey using both patient clinical records and their own judgment and diagnostic skills.

Each patient for whom the physician completed a patient record form was invited to fill out a patient self-
completion form. The patient self-completion form included detailed questions on their current condition, in-
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cluding symptoms, level of satisfaction with their treatment and QoL tools. The QoL tools were the Parkinson’s
Disease Questionnaire (PDQ-39) 291, EQ-5D-5L health utility index, EQ visual analogue scale (EQ VAS, US
value sets) [30,31] and the Work Productivity and Activity Impairment (WPAI) questionnaire [32).

For each patient for whom the physician completed a patient record form and a caregiver was present, the
caregiver was invited to complete a caregiver self-completion form based on their own perspective. The caregiver
self-completion form included questions on demographics, relationship to patient, care provided, patient treatment
and symptoms and QoL tools, including the Zarit Burden Interview (33, EQ-5D-5L and EQ VAS (US value
sets) [30,31].

The patient self-completion form and the caregiver self-completion form were completed independently of their
physician immediately after the consultation and returned in a sealed envelope.

Su rvey measures
Treatment satisfaction was reported on a 7-point scale, from 1 (very unsatisfied) to 7 (very satisfied); 4 = neither
unsatisfied nor satisfied.

The PDQ-39 is a PD-specific health status and QoL questionnaire comprising 39 items [29]. For each question
item, patients were requested to select one of five responses (never, occasionally, sometimes, often, always) according
to how often they have experienced the problem during the last month due to their PD. Items were grouped into
eight scales, and item scores were summed and expressed as a percentage score ranging from 0 to 100, with a higher
score indicating more health problems.

The EQ-5D-5L measures participants’ general health status on five dimensions. Empirically derived weights
were applied to an individual’s responses to the EQ-5D-5L descriptive system to generate an EQ-5D health utility
index. The US weighting algorithm was applied to all patients for all analyses. An EQ-5D-5L health utility index
score of 1 is perfect health, with lower scores indicating worse health.

The EQ VAS records the patient’s self-rated health on a 100-mm vertical VAS, ranging from 0 (worst imaginable
health) to 100 (best imaginable health) [311.

The patient-reported WPAI measures included time missed from work (absenteeism), impairment ineffectiveness
at work (presenteeism), overall work productivity loss (overall work impairment) and nonwork related activity
impairment (total activity impairment) due to their PD [32). Higher values indicated more PD-related impairment,
with WPAI component scores reported as percentage impairment.

The caregiver-completed Zarit Burden Interview 22-item questionnaire [33] comprises statements centered around
emotional well-being, social and family life, finances and impact on relationship with the patient. The caregiver
was asked to indicate how often they feel burdened by caring for the patient using a 5-point scale (never, rarely,
sometimes, frequently, nearly always).

Patient satisfaction was rated on a 7-point scale, where 1 = very unsatisfied, 2 = unsatisfied, 3 = fairly unsatisfied,
4 = neither unsatisfied nor satisfied, 5 = fairly satisfied, 6 = satisfied and 7 = very satisfied.

Ethics & consent
This study was granted ethical exemption by the Pearl Institutional Review Board, approval number AG9140.
Using a checkbox, patients provided informed consent to take part in the survey. Data were collected in such
a way that patients and physicians could not be identified directly. Data were aggregated before being shared
with the subscriber and/or for publication. Data collection was undertaken in line with European Pharmaceutical
Marketing Research Association guidelines [34] and as such did not require ethics committee approval. Each survey
was performed in full accordance with relevant legislation at the time of data collection, including the US Health
Insurance Portability and Accountability Act 1996 [35] and Health Information Technology for Economic and
Clinical Health Act legislation (3¢]. Fieldwork partners adhered to national data collection regulations in the US.

Data analysis
Physicians staged each patient using the modified H&Y scale [23]. For this analysis, patients were categorized as
‘early stage’ (H&Y stage 1.0-2.0), ‘intermediate stage’ (H&Y stage 2.5-3.0) or ‘severe stage’ (H&Y stage 4.0-5.0;
Supplementary Table 1). ‘OFF time’ refers to periods when the motor/nonmotor symptoms of PD reappear or
worsen as the effects of symptomatic treatment ‘wear off”.

Regarding the lines of therapy, line 1 was the initial treatment regimen for PD and line 2 was the following
treatment regimen, that being one that has at least one change in treatment composition, not just a dose titration.
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Means and standard deviations (SD) were calculated for continuous variables, and frequency and percentages
were calculated for categorical variables. Missing data were not imputed, and therefore the number of patients for
analysis could vary from variable to variable. Where, due to missing data, patient numbers differ from the total
population for the group, the number of patients is reported.

Bivariate and pairwise analyses compared outcomes between patients at the three H&Y stages. For the bivariate
analyses, ANOVA was used for continuous outcome variables, Kruskal-Wallis for ordered categorical variables and
Chi-squared otherwise. For the pairwise analyses, #-test was used for continuous variables, Mann—Whitney U test
for ordinal variables, Fisher’s exact test for dichotomous variables and Chi-square test otherwise. For all tests in the
pairwise analysis, p-values were Bonferroni corrected. Logistic regression and negative binomial regression analyses
were conducted with H&Y stage being used as the main predictor variable. Regression analyses were adjusted for
patient age, sex and body mass index. Odds ratios (OR) and incidence rate ratios (IRR), with 95% confidence
intervals (CI) and p-values, were presented. A p-value of 0.05 or less was statistically significant for all analyses.

This analysis compared the H&Y groups in outcomes, including prescribed treatment and HCRU (i.e., numbers
of consultations and hospitalizations in the last 12 months). All analyses were generated using the statistical software

package STATA® Version 17 or later (StataCorp 2021, USA StataCorp LLC, TX, USA).

Results

Patient demographics & clinical characteristics

Patient demographics and clinical characteristics are shown in Table 1 & Supplementary Table 2. A total of 95
physicians provided data on 1251 patients with PD, of which 47.4% were classed as early stage (n = 593), 40.4%
as intermediate stage (n = 505) and 12.2% as severe stage (n = 153). Overall, 243 patients completed patient
self-completion forms, and 57 caregivers completed caregiver self-completion forms. The overall mean age (SD)
was 69.4 (10.3) years, with a significant difference in age between disease stages (overall p < 0.001), and 60.9%
were male. Three-quarters (75.5%) of all patients were White/Caucasian. There was a significant difference in
employment status between disease severity stages (overall p < 0.001; Table 1).

There was a significant difference in time from symptom onset to PD diagnosis between severity groups, from
a mean (SD) of 2.5 (2.7) years for the early group to 5.1 (4.3) years and 7.7 (5.8) years for the intermediate and
severe groups, respectively (p < 0.001 across groups).

Regardless of PD severity, 99.4% of patients experienced at least one motor symptom. Overall, 61.2% of patients
experienced nonmotor symptoms, and there was a significant difference between disease stages of PD (p < 0.001;
Table 1). The most common motor symptoms were tremor at rest (70.1%), bradykinesia (52.0%), shuffling walk
(51.6%) and rigidity (47.7%). The most common nonmotor symptoms were falling/imbalance (39.0%) and
physical fatigue/low energy (18.7%). Each of the top ten most reported symptoms differed significantly across
disease stages (p < 0.001; Table 1), excluding tremor at rest where there was no significant difference.

For each of the top ten common symptoms, there was a significant difference in patients’ symptom severity
(i.e., mild, moderate or severe) between disease stages (i.e., early, intermediate or severe; p < 0.001; Supplementary
Table 2). Significance was observed from the early group to the intermediate group and to the severe group, as well
as from the intermediate group to the severe group. The four most common symptoms, tremor at rest, bradykinesia,
shuffling walk and rigidity, were present in 72.3, 58.2, 66.1 and 58.8% of patients, respectively, in the intermediate
group. These symptoms were mild or moderate in severity for 92.0, 95.6, 94.0 and 98.6% of patients, respectively.
There was a significant difference in the control of symptoms (Supplementary Table 2) across disease stages (p <
0.001) in all but physical fatigue/low energy. Less than 20% of the intermediate group achieved full control of
tremor at rest, bradykinesia, shuffling walk and rigidity (Supplementary Table 2).

There was a significant difference in the percentage of patients experiencing nonmotor symptoms across disease
stages. Nonmotor symptoms were reported in 49.5, 67.9 and 84.3% of patients in the early, intermediate and
severe groups, respectively (Table 1).

Caregivers were responsible for the daily needs of 14.4% of early stage, 43.9% of intermediate stage and 89.9%
of severe-stage patients. Each patient needed 4.3, 20.9 and 57.3 h of care per week, respectively (Table 1).

Physician-reported treatment
Treatment patterns

The mean (SD) number of lines of treatment was 1.2 (0.4), 1.8 (0.9) and 2.1 (1.0) for the early-, intermediate- and
severe-stage patients, respectively (p < 0.001; Table 2). The mean (SD) number of drugs used as part of the current
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Table 1. Physician-reported demographics and clinical characteristics of patients with Parkinson’s disease

according to Hoehn and Yahr stage.
Variable Overall (n = 1251) H&Y stage' p-value (test)
Early (n =593) Intermediate (n = 505) Severe (n = 153)

Demographics

Age, years <0.001 (ANOVA)
Mean (SD) 69.4 (10.3) 65.1(10.6) 71.8(8.1) 77.8(7.1)
Age, years, n (%) <0.001 (CH)
<90 1231 (98.4) 589 (99.3) 499 (98.8) 143 (93.5)
>90 20 (1.6) 4(0.7) 6(1.2) 10 (6.5)
Sex, n (%) 0.057 (CH)
Male 762 (60.9) 367 (61.9) 291 (57.6) 104 (68.0)
BMI, mean (SD) 26.4 (4.6) 25.4(3.7) 27.2 (5.0) 27.4 (5.7) <0.001 (ANOVA)
Ethnicity, n (%) 0.060 (CH)
White/Caucasian 944 (75.5) 427 (72.0) 401 (79.4) 116 (75.8)
African-American 120 (9.6) 68 (11.5) 37(7.3) 15 (9.8)
Native American 1(0.1) 1(0.2) 0 (0.0) 0(0.0)
Asian (Indian subcontinent) 21(1.7) 13(2.2) 6(1.2) 2(1.3)
Asian (other) 21(1.7) 16 (2.7) 4(0.8) 1(0.7)
Hispanic/Latino 71(5.7) 26 (4.4) 33(6.5) 12(7.8)
Middle Eastern 17 (1.4) 10 (1.7) 4 (0.8) 3(2.0)
Mixed race 30 (2.4) 16 (2.7) 12 (2.4) 2(1.3)
South-East Asian 26 (2.1) 16 (2.7) 8(1.6) 2(1.3)
Employment status, n (%) <0.001 (CH)
Working full-time 204 (16.3) 183 (30.9) 21(4.2) 0 (0.0)
Working part-time 106 (8.5) 68 (11.5) 37(7.3) 1(0.7)
Student 1(0.1) 1(0.2) 0(0.0) 0 (0.0)
Unemployed 55 (4.4) 26 (4.4) 25 (5.0) 4(2.6)
Retired 802 (64.1) 265 (44.7) 394 (78.0) 143 (93.5)
Homemaker 73 (5.8) 45 (7.6) 24 (4.8) 4(2.6)

Clinical characteristics
Time since diagnosis, years
n 984 475 399 110
Mean (SD) 4.1 (4.2) 2.5(2.7) 5.1 (4.3) 7.7 (5.8) <0.001 (ANOVA)

Current symptoms

n 1238 584 501 153
Motor symptoms, n (%) 1231 (99.4) 578 (99.0) 500 (99.8) 153 (100.0) 0.118 (CH)
Nonmotor symptoms, n (%) 758 (61.2) 289 (49.5) 340 (67.9) 129 (84.3) <0.001 (CH)

Current symptoms (10 most reported), n (%)

Tremor at rest 877 (70.1) 414 (69.8) 365 (72.3) 98 (64.1) 0.147 (CH)

Bradykinesia 651 (52.0) 262 (44.2) 294 (58.2) 95 (62.1) <0.001 (CH)
Shuffling walk 646 (51.6) 199 (33.6) 334 (66.1) 113 (73.9) <0.001 (CH)
Rigidity 597 (47.7) 203 (34.2) 297 (58.8) 97 (63.4) <0.001 (CH)
Falling/imbalance 488 (39.0) 115 (19.4) 264 (52.3) 109 (71.2) <0.001 (CH)
Lack of arm swing 443 (35.4) 161 (27.2) 216 (42.8) 66 (43.1) <0.001 (CH)
Lack of facial expression 317 (25.3) 72 (12.1) 177 (35.1) 68 (44.4) <0.001 (CH)
Micrographia 298 (23.8) 90 (15.2) 153 (30.3) 55 (36.0) <0.001 (CH)
Freezing of gait 282 (22.5) 42 (7.1) 161 (31.9) 79 (51.6) <0.001 (CH)
Physical fatigue/low energy 234 (18.7) 87 (14.7) 98 (19.4) 49 (32.0) <0.001 (CH)

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.
Patient numbers shown only where some patients are missing.

Proportions may not equal 100% due to rounding.

ANOVA: Analysis of variance; CH: Chi-square test; H&Y: Hoehn and Yahr; SD: Standard deviation.
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Table 1. Physician-reported demographics and clinical characteristics of patients with Parkinson’s disease

according to Hoehn and Yahr stage (cont.).

Caregiver status

Caregiver responsible for patients’ daily needs, n (%) <0.001 (CH)
Patients, n 1158 543 467 148
No caregiver 742 (64.1) 465 (85.6) 262 (56.1) 15 (10.1)
Caregiver 416 (35.9) 78 (14.4) 205 (43.9) 133 (89.9)
Total caregiver hours per week, mean (SD) <0.001 (ANOVA)
Patients, n 1153 541 464 148
Caregiver hours 17.8 (40.4) 4.3 (19.0) 20.9 (43.5) 57.3 (57.0)

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.
Patient numbers shown only where some patients are missing.

Proportions may not equal 100% due to rounding.

ANOVA: Analysis of variance; CH: Chi-square test; H&Y: Hoehn and Yahr; SD: Standard deviation.

Table 2. Physician-reported treatment of patients with Parkinson’s disease according to Hoehn and Yahr stage

— current treatment (bivariate analysis).
Variable Overall (n = 1251) H&Y stagef p-value (test)
Early (n = 593) Intermediate (n = 505) Severe (n = 153)

Lines of treatment
n 933 442 382 109
Mean (SD) 1.5(0.8) 1.2 (0.4) 1.8 (0.9) 2.1(1.0) <0.001 (ANOVA)
Current regimen

Drugs taken as part of current treatment regimen, n

Mean (SD) 1.6 (1.2) 1.1 (0.8) 1.9(1.2) 2.4 (1.4) <0.001 (ANOVA)
Current treatment class, n (%)
Levodopa 828 (66.2) 277 (46.7)%:8 421 (83.4) 130 (85.0) <0.001 (CH)
Dopamine agonist, 1st generation 419 (33.5) 190 (32.0) 172 (34.1) 57 (37.3) 0.448 (CH)
MAO-B inhibitor 221(17.7) 99 (16.7) 92 (18.2) 30(19.6) 0.642 (CH)
NMDA antagonist 192 (15.4) 50 (8.4)%:8 91 (18.0)1 51(33.3) <0.001 (CH)
COMT inhibitor 79 (6.3) 7 (1.2)F:8 49 (9.7) 23 (15.0) <0.001 (CH)
Dopamine agonist, 2nd generation 5(0.4) 1(0.2) 4(0.8) 0(0.0) 0.186 (CH)
Other 98 (7.8) 16 2.7)+:8 56 (11.1) 26 (17.0) <0.001 (CH)
Current advanced treatment, n (%)
Apomorphine injection (APO-go® PEN) 14 (1.1) 1(0.2) 2(0.4) 11(7.2) <0.001 (CH)
Apomorphine sublingual film (KYNMOBI®) 23(1.8) 4(0.7) 11(2.2) 8(5.2) <0.001 (CH)
Deep brain stimulation 17 (1.4) 3(0.5) 9(1.8) 5(3.3) 0.018 (CH)
Duopa (levodopa and carbidopa intestinal 7 (0.6) 0(0.0) 3(0.6) 4 (2.6) <0.001 (CH)
infusion gel) and pump
Apomorphine injection (APO-go® pump) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Lecigon (carbidopa and entacapone intestinal 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 1.000
infusion gel)
Other 3(0.2) 0(0.0) 3(0.6) 0(0.0) 0.108 (CH)

THRY stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.

Pairwise comparison:

fp < 0.050 Early stage vs intermediate stage.

Sp < 0.050 Early stage vs severe stage.

1Ip < 0.050 Intermediate stage vs severe stage.

Patient numbers shown only where some patients are missing.

Patients may be using >1 treatment.

ANOVA: Analysis of variance; CH: Chi-square test; COMT: Catechol-O-methyl transferase; H&Y: Hoehn and Yahr; MAO-B: Monoamine oxidase B; NMDA: N-methyl-D-aspartate;
SD: Standard deviation.
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Figure 1. Physician-reported current treatment class of patients with Parkinson’s disease according to Hoehn and
Yahr stage.H&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.
Pairwise comparison:

*p < 0.050 Early stage versus intermediate stage.

Tp < 0.050 Early stage versus severe stage.

¥p < 0.050 Intermediate stage versus severe stage.

COMT: Catechol-O-methyl transferase; Gen: Generation; H&Y: Hoehn and Yahr; MAO-B: Monoamine oxidase-B;
NMDA: N-methyl-D-aspartate.

Table 3. Physician-reported treatment of patients with Parkinson’s disease according to Hoehn and

stage — current treatment (regression analysis).

Variable H&Y stage'
Early (n = 593) Intermediate (n = 505) Severe (n = 153)
Odds ratio (95% Cl)
Levodopa 1 5.6 (3.7, 8.5)% 4.6 (2.5, 8.5)%
Dopamine agonist, 2nd generation 1 1.3(0.9, 1.9) 1.7 (1.0, 2.8)*
MAO-B inhibitor 1 1.2(0.8, 1.8) 1.3(0.7, 2.4)
NMDA antagonist 1 2.5(1.5,4.1)8 6.0 (3.1, 11.7)8
COMT inhibitor 1 9.2 (4.0, 21.6)% 13.9 (4.0, 47.9)%
Other 1 4.2 (2.4,7.6)5 6.1 (3.0, 12.4)8

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.

'Early’ HRY stage is the reference value; p < 0.050 for early stage vs severe stage.

S'Early’ H&Y stage is the reference value; p < 0.050 for early stage vs intermediate stage and early stage vs severe stage.

Cl: Confidence interval; COMT: Catechol-O-methyl transferase; H&Y: Hoehn and Yahr; MAO-B: Monoamine oxidase B; NMDA: N-methyl-D-aspartate.

regimen was 1.1 (0.8), 1.9 (1.2) and 2.4 (1.4) for the early-, intermediate- and severe-stage patients, respectively (p
< 0.001).

Levodopa was the most used current treatment class, reported for 66.2% of all patients (early, 46.7%; inter-
mediate, 83.4%; severe, 85.0%), with significant differences between the early group and both the intermediate
and the severe groups (Table 2 & Figure 1). The likelihood of a levodopa prescription significantly increased from
early- to intermediate-stage PD (OR: 5.6; p < 0.001), and from early- to severe-stage PD (OR: 4.6; p < 0.001;
Table 3 & Figure 1). A treatment for severe PD was currently prescribed for 1.3% of the early group, 5.5% of the
intermediate group and 18.3% of the severe group (Table 2).
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The likelihood of a prescription for an NMDA antagonist (OR: 2.5; p < 0.001) or a COMT inhibitor (OR:
9.2; p < 0.001) also significantly increased from early- to intermediate-stage PD (Table 3 & Figure 1). Similarly,
the likelihood of a prescription for an NMDA antagonist (OR: 6.0; p < 0.001) or a COMT inhibitor (OR: 13.9;
p < 0.001) also significantly increased from early- to severe-stage PD (Table 3 & Figure 1). However, for second-
generation dopamine agonists, the likelihood of a prescription significantly increased from early- to severe-stage
PD (OR: 1.7; p = 0.045), but not from early- to intermediate-stage PD (OR: 1.3; p = 0.248; Table 3 & Figure 1).

Treatment with levodopa predominated across all previous lines of therapy, with significant differences across
the severity groups for levodopa at lines 1 (p < 0.001) and 2 (p = 0.040; Table 4). There were also significant
differences across the severity groups for COMT inhibitors at line 1 (p = 0.019) and NMDA antagonists at line 2
(p < 0.001). For the intermediate and severe groups, respectively, use of levodopa was 70.3% and 69.4% at line 1,
and 87.9% and 86.1% at line 2. At line 1, 1.3% of patients in the intermediate group received a COMT inhibitor
compared with 3.7% of patients in the severe group. At line 2, 19.4% of patients in the intermediate group received
an NMDA antagonist compared with 39.2% of patients in the severe group.

Unmet treatment needs

Pairwise comparisons showed that physicians reported greater treatment related unmet needs for intermediate-stage
patients than early-stage patients’ needs in relation to: slowing disease progression, disease modification, providing
neuroprotection, maintaining QoL, long-term efficacy, reducing rigidity, cost effectiveness, reducing bradykinesia,
availability of different formulations, enabling levodopa dose limitation/reduction, preventing dystonia, lack of
interactions with other drugs, treating bladder/bowel problems, good clinical trial evidence and suitability for
add-on therapy (all p <0.001; Figure 2). The need to reduce tremor was also reported for a greater proportion of
the intermediate versus early groups (p = 0.002). ‘Slowing disease progressior’, ‘disease modification’ and ‘providing
neuroprotection” were the most frequently reported needs. Among the three PD groups, the reporting of these
unmet needs was often highest for intermediate-stage patients (p < 0.001 for the early group vs intermediate
group).

Pairwise comparisons showed that physicians reported greater treatment related unmet needs for severe-stage
patients than early-stage patients’ needs in relation to: disease modification (p < 0.05), maintaining QoL (p <
0.001), long-term efficacy (p < 0.05), preventing dystonia (p < 0.05), treating bladder/bowel problems (p =
0.001) and availability of different formulations (p < 0.001; Figure 2), as well as increasing amount of ‘ON
time’ (p = 0.002), increasing ‘ON time’ without dyskinesia (p < 0.001), treating symptoms of psychosis (p <
0.05) and suitability in cognitively impaired patients (p < 0.05).

‘Reducing tremor’ was reported as an unmet need for 10.2% of patients overall; and for 9.1, 13.3 and 3.9% of
the early, intermediate and severe groups, respectively. The difference between the intermediate group and severe
group was significant (p = 0.0018) ( Figure 2).

Patient-reported treatment satisfaction

There was a significant difference in patients treatment satisfaction across disease stages. The mean (SD) satisfaction
score was 5.6 (1.2) for early (n = 119), 5.1 (1.1) for intermediate (n = 89) and 4.4 (1.3) for severe groups (n = 22; (p
< 0.001; Figure 3). 75.3% patients in the intermediate group rated their satisfaction as 5 (‘fairly satisfied’, 32.6%)
or 6 (‘satisfied’, 42.7%) out of a total of 7 points.

Patient-reported QoL
There was a significant difference in patient-reported QoL across disease stages, as reported by EQ-5D-5L and EQ
VAS (Figure 4A & B). For the early, intermediate and severe groups, mean (SD) EQ-5D-5L scores were 0.8 (0.2),
0.6 (0.3) and 0.2 (0.4), respectively (p < 0.001). Mean (SD) EQ VAS scores were 79.3 (12.1), 68.6 (16.8) and
42.9 (19.9; p < 0.001). Pairwise comparisons for the EQ-5D-5L and EQ VAS scores showed that the intermediate
group reported a significantly worse QoL compared with the early group (p < 0.001), although QoL for the
intermediate group was significantly better than for the severe group (p < 0.001). The EQ-5D-5L and EQ VAS
scores showed that the severe group also reported a significantly worse QoL compared with the early group (p <
0.001).

As reported by patients using the PDQ-39 and WPAI, there was a significant difference in health problems
and impairments in activity due to PD across disease stages (Figure 4C & D). For the early, intermediate and
severe groups, respectively, mean (SD) PDQ-39 scores were 10.1 (10.7), 22.2 (17.0) and 49.4 (25.3; p < 0.001).
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Table 4. Physician-reported treatment of patients with Parkinson’s disease according to Hoehn and Yahr

stage — previous treatment (bivariate analysis).
Variable Overall (n = 1251) H&Y stage p-value (test)
Early (n = 593) Intermediate (n = 505) Severe (n = 153)

Previous treatment class line 1, n (%)

n 931 442 381 108
Dopamine agonist, 2nd generation 343 (36.8) 168 (38.0) 134 (35.2) 41 (38.0) 0.679 (CH)
Dopamine agonist, 1st generation 4(0.4) 1(0.2) 3(0.8) 0(0.0) 0.362 (CH)
Levodopa 555 (59.6) 212 (48.0) 268 (70.3) 75 (69.4) <0.001 (CH)
MAO-B inhibitor 167 (17.9) 80 (18.1) 72 (18.9) 15 (13.9) 0.485 (CH)
COMT inhibitor 11(1.2) 2(0.5) 5(1.3) 4(3.7) 0.019 (CH)
NMDA antagonist 115 (12.4) 46 (10.4) 52 (13.6) 17 (15.7) 0.194 (CH)
Other 25(2.7) 9 (2.0) 13 (3.4) 3(2.8) 0.476 (CH)

Previous treatment class line 2, n (%)

n 364 79 206 79

Dopamine agonist, 2nd generation 168 (46.2) 30 (38.0) 99 (48.1) 39 (49.4) 0.252 (CH)
Dopamine agonist, 1st generation 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 1.000
Levodopa 309 (84.9) 60 (75.9) 181 (87.9) 68 (86.1) 0.040 (CH)
MAO-B inhibitor 90 (24.7) 24 (30.4) 48 (23.3) 18 (22.8) 0.419 (CH)
COMT inhibitor 39(10.7) 5(6.3) 21(10.2) 13 (16.5) 0.113 (CH)
NMDA antagonist 78 (21.4) 7(8.9) 40 (19.4) 31(39.2) <0.001 (CH)
Other 41 (11.3) 6 (7.6) 23(11.2) 12(15.2) 0.319 (CH)

Previous treatment class line 3, n (%)

n 96 3 70 23

Dopamine agonist, 2nd generation 54 (56.3) 2 (66.7) 37 (52.9) 15 (65.2) 0.546 (CH)
Dopamine agonist, 1st generation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000

Levodopa 94 (97.9) 3(100.0) 68 (97.1) 23 (100.0) 0.684 (CH)
MAO-B inhibitor 32(33.3) 2 (66.7) 25 (35.7) 5(21.7) 0.215 (CH)
COMT inhibitor 22 (22.9) 0 (0.0) 17 (24.3) 5(21.7) 0.611 (CH)
NMDA antagonist 27 (28.1) 0 (0.0) 19 (27.1) 8 (34.8) 0.425 (CH)
Other 17 (17.7) 0 (0.0) 12 (17.1) 5(21.7) 0.632 (CH)

Previous treatment class line 4, n (%)

n 32 1 20 1"
Dopamine agonist, 2nd generation 18 (56.3) 1(100.0) 11 (55.0) 6 (54.5) 0.669 (CH)
Dopamine agonist, 1st generation 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0) 1.000 (CH)
Levodopa 31(96.9) 1(100.0) 20 (100.0) 10 (90.9) 0.373 (CH)
MAO-B inhibitor 11 (34.4) 0(0.0) 9 (45.0) 2(18.2) 0.246 (CH)
COMT inhibitor 9(28.1) 0(0.0) 8 (40.0) 1(9.1) 0.153 (CH)
NMDA antagonist 14 (43.8) 0(0.0) 10 (50.0) 4(36.4) 0.512 (CH)
Other 11 (34.4) 0(0.0) 6 (30.0) 5 (45.5) 0.524 (CH)

Previous treatment class line 5, n (%)

n 11 0 6 5
Dopamine agonist, 2nd generation 8(72.7) 0 (0.0) 4 (66.7) 4 (80.0) 1.000 (FE)
Dopamine agonist, 1st generation 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Levodopa 11(100.0) 0(0.0) 6 (100.0) 5 (100.0) 1.000
MAO-B inhibitor 3(27.3) 0(0.0) 2 (33.3) 1(20.0) 1.000 (FE)
COMT inhibitor 3(27.3) 0 (0.0) 3 (50.0) 0 (0.0) 0.182 (FE)
NMDA antagonist 6 (54.5) 0 (0.0) 3 (50.0) 3(60.0) 1.000 (FE)
Other 5 (45.5) 0(0.0) 2(33.3) 3(60.0) 0.567 (FE)

THRY stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.

Patients may be using >1 treatment.

CH: Chi-square test; COMT: Catechol-O-methyl transferase; FE: Fisher exact test; H&Y: Hoehn and Yahr; MAO-B: Monoamine oxidase B; NMDA: N-methyl-D-
aspartate.
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Table 4. Physician-reported treatment of patients with Parkinson’s disease according to Hoehn and Yahr

stage — previous treatment (bivariate analysis) (cont.).
Variable Overall (n = 1251) H&Y stagef p-value (test)
Early (n = 593) Intermediate (n = 505) Severe (n = 153)

Previous treatment class line 6, n (%)

n 2 0 1 1
Dopamine agonist, 2nd generation 1 (50.0) 0 (0.0) 1(100.0) 0 (0.0) 1.000 (FE)
Dopamine agonist, 1st generation 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 1.000
Levodopa 2(100.0) 0 (0.0) 1(100.0) 1(100.0) 1.000
MAO-B inhibitor 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0) 1.000
COMT inhibitor 1 (50.0) 0 (0.0) 1(100.0) 0(0.0) 1.000 (FE)
NMDA antagonist 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1.000
Other 1 (50.0) 0(0.0) 0 (0.0) 1(100.0) 1.000 (FE)

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.

Patients may be using >1 treatment.

CH: Chi-square test; COMT: Catechol-O-methyl transferase; FE: Fisher exact test; H&Y: Hoehn and Yahr; MAO-B: Monoamine oxidase B; NMDA: N-methyl-D-
aspartate.

There was a significant difference (p < 0.001) across the groups for all eight scales of the PDQ-39. Mean (SD)
WPALI percent activity impairment due to PD was 28.2% (22.0%), 44.2% (22.4%) and 67.9% (21.8%) for the
early, intermediate and severe groups, respectively. Patient numbers reporting work time missed, impairment while
working and overall work impairment due to PD were too low for meaningful comparisons in the intermediate
(n = 9) and severe (n = 1) groups. Pairwise comparisons for the PDQ-39 scores and WPAI showed that the
intermediate group reported a significantly worse health status and activity compared with the early group (p <
0.001), although they were significantly better than the severe group (p < 0.001). The PDQ-39 scores showed that
the severe group also reported a significantly worse health status compared with the early group (p < 0.001).

Healthcare resource utilization
Opverall, there was a significant difference in HCRU across disease stages (all comparisons p < 0.001).

Patients in the intermediate and severe groups had a higher likelihood of being managed by more healthcare
professionals (HCPs) in the previous 12 months compared with patients in the early group (early vs intermediate:
p < 0.050; early vs severe: p < 0.050; Table 5). Over a third of patients in the intermediate (36.2%) and severe
(41.5%) groups had visited an HCP four of more times in the previous 12 months (Table 5).

The number of consultations with any HCP in the previous 12 months was significantly greater for patients
in the intermediate group versus early group (IRR: 1.4; 95% CI: 1.2, 1.7; p < 0.050; Table 6). In the previous
12 months, patients in the intermediate group had a higher likelihood of more consultations with psycho-
geriatricians (IRR: 45.8; 95% CI: 11.0, 190.5; p < 0.050), PD nurses (IRR: 23.6; 95% CI: 13.9, 39.8; p < 0.050),
gastroenterologists (IRR: 13.9; 95% CI: 1.2, 162.7; p < 0.050) and social workers (IRR: 6.3; 95% CI: 4.7, 8.6;
p < 0.050) when compared with patients in the early group. IRRs for PD nurses and gastroenterologists were
higher for the intermediate group than the severe group (severe group: PD nurses: IRR: 7.5; 95% CI: 3.3, 16.8;
gastroenterologists: IRR: 1.6e—06; 95% CI: 1.5¢-07, 1.8e-05).

The number of consultations with any HCP in the previous 12 months was also notably greater for patients in
the severe group compared with the early group (IRR: 1.6; 95% CI: 1.3, 1.9; p < 0.001; Table 6). In the previous
12 months, patients in the severe group had a higher likelihood of more consultations with movement disorder
specialists (IRR: 844.7; 95% CI: 68.0, 10488.2; p < 0.001), psycho-geriatricians (IRR: 60.3; 95% CI: 18.0, 202.0;
p < 0.001), PD nurses (IRR: 7.5; 95% CI: 3.3, 16.8; p < 0.001), gastroenterologists (IRR: 1.6e-06; 95% CI:
1.5e-07, 0.00002; p < 0.001) and social workers (IRR: 21.0; 95% CI: 3.0, 149.0; p = 0.002) when compared
with patients in the early group.

Patients in the intermediate group were more likely to have a higher number of emergency room (ER) visits in the
previous 12 months compared with patients in the early group (IRR: 3.8; 95% CI: 2.3, 6.4; p < 0.001; Table 6).
Patients in the intermediate group were also more likely to have admissions to rehabilitation centers compared with
patients in the early group (IRR: 6.8; 95% ClI: 1.4, 34.1; p < 0.050; Table 0).
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Figure 3. Patient-reported treatment satisfaction of patients with Parkinson’s disease according to Hoehn and Yahr

stage.

H&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.
p < 0.050 for the distribution across groups.

H&Y: Hoehn and Yahr.

Similarly, patients in the severe group were more likely to have a higher number of ER visits in the previous
12 months compared with patients in the early group (IRR: 10.5; 95% CI: 5.3, 20.7; p < 0.001; Table 6). Patients
in the severe group were also more likely to have admissions to rehabilitation centers compared with patients in the

early group (IRR: 8.3; 95% CI: 1.7, 40.1; p < 0.050; Table 6).

Discussion

Current Parkinson’s research often overlooks patients with intermediate-stage PD, opting to compare disease
burden and HCRU between early- and severe-stage PD. Our analysis is unique in that it evaluated the impact
of intermediate-stage PD on patients and HCRU in the US to elucidate clinical characteristics, treatment
patterns and patient-reported outcomes among these patients and compare them to their early and severe PD coun-
terparts. Our findings identified differences across early, intermediate and severe PD, highlighting the significant
increase in both disease burden and HCRU for patients with intermediate PD compared with patients with early PD.

Defined by the emergence of postural instability (which is absent in early stage) while remaining physically
independent (which is lost due to severe disability at severe stage), the intermediate stage of PD is a critical point
in disease progression from early- to severe-stage PD [23]. This fact highlights the need for a better understanding
of the intermediate stage, its characterization in real-world settings, and its inclusion within PD clinical trials to
improve patient QoL.

Possibly to address increasing levels of disease burden, physician prescribing of levodopa significantly increased
from early PD to intermediate PD, and the proportions of patients receiving levodopa were similar between the
intermediate and severe groups. The analysis indicated that use of levodopa predominates in the treatment of
motor symptoms. However, there is evidence that combination therapy was used in some patients, likely to prevent
the frequent complication of shortening therapeutic response with recurrence of motor and nonmotor symptoms
during the period known as ‘wearing-off” when levodopa does not provide an adequate dopaminergic effect [37).
These data support existing evidence suggesting that levodopa remains key to antiparkinsonian therapy, is favored
as the initial treatment for patients with PD, and may be best used in combination therapy [16].

Dopamine agonists were currently used approximately by a third of patients across all groups, supporting the view
that they remain a popular choice for augmentation of levodopa [38] despite their potential to increase the severity
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Table 5. Healthcare resource utilization of patients with Parkinson’s disease according to Hoehn and Yahr

stage — bivariate analysis.
Variable Overall (n = 1251) H&Y stage’
Early (n = 593) Intermediate (n = 505) Severe (n = 153)

p-value (test)

HCPs involved in the patients’ PD management in the previous 12 months <0.001 (KW)
n 1251 593 505 153
Mean (SD) 1.2(0.7) 1.1 (0.6) 1.3(0.7) 1.3(0.8)
Median (min, max) 1.0 (0.0, 11.0) 1.0 (0.0, 11.0) 1.0 (0.0, 6.0) 1.0 (0.0, 5.0)
HCP consultations in previous 12 months <0.001 (KW)
n 1128 527 459 142
Times seen by HCP, n (%)
0 19(1.7) 8(1.5) 9 (2.0) 2(1.4)
1 167 (14.8) 83 (15.7) 67 (14.6) 17 (12.0)
2 396 (35.1) 247 (46.9) 119 (25.9) 30 (21.1)
3 225 (19.9) 93 (17.6) 98 (21.4) 34 (23.9)
4 176 (15.6) 59 (11.2) 90 (19.6) 27 (19.0)
5-6 93(8.2) 25(4.7) 51(11.1) 17 (12.0)
>7 52 (4.6) 12 (2.3) 25 (5.4) 15 (10.6)
Emergency room visits in the previous 12 months <0.001 (KW)
n 993 465 403 125
Mean (SD) 0.2 (0.7) 0.0 (0.2) 0.3 (0.6) 0.9 (1.3)
Median (min, max) 0.0 (0.0, 9.0) 0.0 (0.0, 2.0) 0.0 (0.0, 4.0) 0.0 (0.0, 9.0)
Admissions to a rehabilitation center in the previous 12 months <0.001 (KW)
n 997 471 401 125
Mean (SD) 0.0 (0.2) 0.0 (0.1) 0.0(0.2) 0.1(0.4)
Median (min, max) 0.0 (0.0, 2.0) 0.0 (0.0, 1.0) 0.0 (0.0, 2.0) 0.0 (0.0, 2.0)

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.
Proportions may not equal 100% due to rounding.
H&Y: Hoehn and Yahr; HCP: Healthcare professional; KW: Kruskal-Wallis test; PD: Parkinson’s disease; SD: Standard deviation.

Table 6. Healthcare resource utilization of patients with Parkinson’s disease according to Hoehn and Yahr

stage — regression analysis.
Variable H&Y stage'
Early (n = 593) Intermediate (n = 505)

Severe (n = 153)

Incidence rate ratio (95% Cl)

HCPs involved in patients PD management in the previous 12 months, n 1

Times seen by HCP, n

1

1.14 (1.0, 1.3)8
1.38 (1.2, 1.7)}
3.80 (2.3, 6.4)F

1.20 (1.0, 1.4)8
1.61 (1.3, 1.9)%
10.49 (5.3, 20.7)%

Emergency room visits in the last 12 months, n 1

Admissions to a rehabilitation center in the previous 12 months, n 1 6.8 (1.4, 34.1)% 8.30 (1.7, 40.1)*

TH&Y stage: early, H&Y stage 1.0-2.0; intermediate, H&Y stage 2.5-3.0; severe, H&Y stage 4.0-5.0.

'Early’ H&Y stage is the reference value; p < 0.050 for early stage vs severe stage.

SEarly’ H&Y stage is the reference value; p < 0.050 for early stage vs intermediate stage, and early stage vs severe stage.

Cl: Confidence interval; HCP: Healthcare professional; H&Y: Hoehn and Yahr; IRR: Incidence rate ratio; PD: Parkinson’s disease.

of levodopa-induced dyskinesia [39). While COMT inhibitors are commonly used alongside levodopa to avoid
the troughs in levodopa plasma concentration associated with motor fluctuations [40], we found that few patients
overall used COMT inhibitors. However, their use significantly increased among patients in the intermediate group
compared with the early group. Moreover, among the intermediate group, use of NMDA antagonists significantly
increased versus the early group but was significantly less than in the severe group where they were used by a third
of patients. Furthermore, while there was limited prescribing of advanced therapies, only a third as many patients
in the intermediate group versus the severe group were prescribed such therapies.

Data concerning previous lines of therapy suggested that the use of levodopa at lines 1 and 2 was similarly
high when the patients’ disease stage was intermediate or severe. However, use of NMDA antagonists and COMT
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inhibitors was at least twice as high in patients in the severe group versus the intermediate group. Low use of NMDA
antagonists and COMT inhibitors at the early stage, alongside findings of increased disease burden and HCRU
burden at the intermediate stage, suggests that use of more effective treatments in the early and intermediate stages
may help to reduce the overall burden of PD.

Despite disease stage, the intermediate group had many unmet treatment needs, which were often present
in similar proportions to those of patients in the severe group. ‘Reducing tremor’ was a need reported for few
patients, but it was threefold greater in the intermediate versus severe group. ‘Slowing disease progression’ and
‘disease modification” were in the top three unmet needs reported across severity stages. While there are no available
disease-modifying drugs or neuroprotective treatments [1,13], a few patients only received therapies for severe PD.
Whether due to the reluctance to prescribe or lack of awareness of these therapies, this suggests a need for more
efficacious drugs.

Several promising advancements in levodopa formulation and delivery have been made, including extended-
release oral drugs, continuous subcutaneous infusions, intravenous infusions and administration by intestinal and
inhalation routes [16]. However, it has been suggested that failing to properly recognize the disease stage of the
patient, and thus failing to treat appropriately, may be one reason PD treatments fail to limit disease progression [41;
this may be particularly relevant to patients with intermediate-stage PD.

Most patients with intermediate PD reported that they were satisfied with their treatment (scoring 5 or 6
out of 7). Contrary to physician reports of unmet treatment needs, this finding suggests that patients consider
their current treatment to be achieving the best possible disease control. US and European surveys of early- and
advanced-stage patients with PD found that patients rated their treatment as 6.6 points (6.7 and 6.6 out of 10 for
early- and advanced-stage, respectively) [42]. Additionally, we found that satisfaction was lower among patients with
more severe disease, and that these patients also had reduced QoL, increased health problems, worsened activity
impairment and increased unmet needs, potentially indicating an association between these factors.

We found that there were significant differences in symptom prevalence, severity and control across disease stages
for motor symptoms such as bradykinesia, shuffling walk, falling/imbalance, rigidity and freezing of gait. These
motor symptoms are known to reappear between medication doses when treatment regimens are not adequately
optimized, leading to periods of time when symptoms are poorly managed (43]. As a result, patients can experience
an increased risk of falls and injuries, primarily driven by tremor, slow movement, impaired gait and rigidity. While
we did not observe any significant difference between disease stages in terms of tremor at rest, this was expected
as this hallmark symptom of PD often appears before other symptoms and persists as the disease progresses [2].
PD-associated motor symptoms not only impact QoL, but also pose a risk to the safety of the patient. When
symptoms are not well controlled, patients are also more likely to require medical attention, leading to increased
hospitalizations and associated healthcare costs. Therefore, these findings underscore the importance of optimizing
dosage and treatment to ensure continuous and effective symptom management for patients at all disease stages.

For all patient-reported QoL measures, intermediate-stage PD patients reported significantly worse QoL com-
pared with early-stage patients, and severe-stage patients reported significantly worse QoL than intermediate-stage
patients. In the intermediate stage of PD, patients continue to strive to maintain independence while they still
retain sufficient physical and mental function. As the disease progresses to severe stage, independence and mobility
are further reduced, leading to a reduced QoL and greater dependence on caregivers for help with daily activities [44].
A previous study demonstrated that patients with PD had lower QoL scores when compared with healthy controls,
especially in physical function and mental health domains [45]. We found that physicians reported a significantly
greater unmet need among intermediate-stage PD patients compared with early-stage patients, but not between the
intermediate and severe stages. This suggests that during the intermediate stage of PD, there is a window of time
during which addressing unmet needs is crucial, particularly as patients strive to maintain independence and mo-
bility. However, once the disease progresses, the focus shifts from maintaining mobility to managing more advanced
symptoms. We observed no significant differences in physician-reported unmet needs between intermediate- and
severe-stage patients, indicating that offering disease-modifying treatments, maintaining QoL, ensuring long-term
efficacy and reducing bradykinesia/rigidity are not realistic considerations. These findings highlight the complexity
of managing PD as it progresses and underscore the importance of timely intervention during the intermediate
stage to potentially mitigate the decline in QoL.

Our analysis found that there was a significant difference in HCRU across disease stages, and patients with
intermediate-stage PD utilized significantly more healthcare resources than patients with early-stage disease. Com-
pared with beneficiaries without PD, patients with PD have been found to have higher rates of HCRU, including
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a more than fivefold increase in neurologist visits and a twofold increase in skilled nursing facility admissions [46].
A Medicare claims database study found that severe PD was associated with a larger economic burden than
mild/moderate PD in elderly US beneficiaries [s5]. Additionally, higher total annual direct costs are reported for
patients experiencing treatment ‘OFF’ episodes due to the resulting HCP consultations, hospitalizations and ER
visits [47], with significant increases in PD-related ER visits and hospitalizations associated with patients experienc-
ing ‘OFF’ episodes for longer time periods (>2 years vs <2 years) [48]. These findings suggest that optimizing the
pharmacological symptomatic treatment of patients before they reach more severe stages may incur savings. Thus,
with 40% of patients in the intermediate stage of PD and the 2017 US total annual medical cost attributable to PD
at $51.9 billion (including consultations, hospital outpatient visits and hospitalizations) (6], the potential economic
burden associated with intermediate-stage PD in the US is considerable.

In managing PD, treatment strategies should be tailored to the individual and their disease stage in order to
optimize patient outcomes. In the early stage, symptomatic treatment using oral medications, particularly before
introducing levodopa, helps to maintain QoL. This approach is effective as long as the therapeutic window
remains open, i.e., until ‘OFF’ episodes become an issue. For intermediate-stage patients who aspire to maintain
independence but may experience ‘OFF’ episodes and injuries, introducing continuous levodopa at lower doses
could help to avoid peaks and troughs in its bioavailability and the subsequent fluctuations in symptom control.
In severe PD, continuous delivery of high-dose levodopa, along with other advanced device-aided therapies, is
accepted due to the increased severity of symptoms. Therefore, by commencing continuous levodopa dosing at an
earlier disease stage, dosing could be gradually optimized over time, potentially slowing the decline in QoL, rather
than patients experiencing the sudden and significant decline we observed between the intermediate and severe
stages.

The findings of this analysis suggest that further research into patients that fall into the intermediate H&Y
disease stages (2.5-3.0) is warranted. Such data may allow the opportunity for more effective intervention and help
to decrease the burden of PD for patients and the healthcare system by delaying the transition to the severe stages
of PD. Furthermore, a more targeted approach to treatment for patients with intermediate-stage PD is required,
along with new methods of drug delivery, to address the unmet needs that are prominent in this patient group.

Limitations

While identification of statistically significant associations is possible, the cross-sectional design of the DSP prevents
any conclusions about causal relationships. Patients participating in the surveys may not reflect the general PD
population, as patients who are visiting their physician are necessarily those who visit more frequently. High rates
of patients in the intermediate and severe groups were retired and therefore their work productivity could not be
assessed, restricting the findings of the WPAI to activity impairment.

Although minimal inclusion criteria governed the selection of participating physicians, only those willing to
complete the survey were included. Thus, bias is possible since participating physicians may not be representative
of the overall population of physicians treating PD.

A strength of this study is that it uses real-world data collected from the Adelphi PD DSP, which utilizes
standardized methodology and is well validated and published. Nevertheless, our findings on intermediate PD
should be considered with regard to the limitations of the DSP survey.

Conclusion

This real-world analysis demonstrated significant increases in both disease burden and HCRU for patients with
intermediate PD compared with patients with early PD. It also indicated that among all people diagnosed with PD
at any given time, a large proportion of these patients may be in the intermediate stage. This PD stage is crucial
since it is when postural instability emerges, and because it immediately precedes the advanced/severe stages. Our
data support more effective intervention, specifically at the intermediate stage of the disease, to help decrease the
burden of PD for patients and the healthcare system. They also suggest the need for the development of more
targeted treatment interventions directed at the intermediate disease stage to reduce such burden. This analysis
provides a better understanding of patients with intermediate-stage PD, and highlights the need for this disease
stage to be further characterized and included in real-world studies and clinical trials to improve patient QoL.
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Summary points

e Current Parkinson'’s disease (PD) research evaluates patients with early and severe PD but often overlooks
patients with intermediate PD, despite the increasing burden on patients and healthcare resource utilization.

e This study quantified the unmet treatment needs and disease burden in patients with PD, as well as the burden
on the healthcare system, across different Hoehn and Yahr (H&Y) stage groups in the US.

e US data were drawn from the Adelphi PD Disease Specific Programme™. Using H&Y stages, patients were
categorized as early (stage 1.0-2.0), intermediate (stage 2.5-3.0) or severe (stage 4.0-5.0).

e The number of drugs in the current treatment regimen and use of levodopa were each significantly different
across disease stages (p < 0.001).

e Odds ratios were significantly increased for the intermediate group using levodopa (OR 5.6) and other treatment
classes versus the early group.

e The proportion of the intermediate group with unmet treatment needs was significantly greater than the early
group (all comparisons, p < 0.001, except ‘reduces tremor,’ p = 0.002).

e Incidence rate ratios (IRR) were increased for the intermediate group versus the early group for numbers (in
previous 12 months) of healthcare professionals involved in patient’s PD management (IRR 1.1), healthcare
professionals consultations (IRR 1.4), emergency room visits (IRR 3.8) and rehabilitation admissions (IRR 6.8).

e Patient-reported quality of life was significantly poorer in the intermediate group versus the early group (p <
0.001).

e This real-world analysis found significant increases in disease burden and healthcare resource utilization for
patients with intermediate PD versus patients with early PD.

e More effective intervention of patients at intermediate-stage PD may delay the transition to severe PD and
decrease the burden of PD for both patients and the healthcare system.
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