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ABSTRACT

Background: “On-demand” treatments approved in the United States for “OFF” episodes in 
Parkinson’s disease (PD) include apomorphine hydrochloride injection (SC-APO), apomorphine 
sublingual film (APL), and levodopa inhalation powder (CVT-301). APL received US approval in 
2020, and its cost-effectiveness has not been compared with SC-APO and CVT-301.

Objective: To develop a cost-effectiveness analysis model comparing APL versus SC-APO and CVT-
301 for treatment of patients with PD experiencing “OFF” episodes from a US payer perspective.

Methods: The model estimated total costs and effectiveness for each comparator arm, informed from 
the treatments’ pivotal studies or literature, over a 10-year horizon. Total and incremental patient costs 
(in 2020 US dollars), total time spent without “OFF” episode symptoms, and quality-adjusted life 
years (QALY) gained were summarized and compared. Incremental cost-effectiveness ratios for APL 
versus SC-APO and CVT-301 were estimated and expressed as incremental patient costs per patient 
QALY gained and incremental cost per “OFF” hour avoided. Scenario analyses varying inputs and 
including caregiver costs were also conducted.

Results: In the base case, APL had the lowest total “on-demand” treatment costs (US$42 095) 
compared with SC-APO (US$276 320; difference: US–$234 225) and CVT-301 (US$69 577; 
difference: US–$27 482) over the 10-year horizon. APL was also associated with the highest utility, 
with incremental QALYs of 0.019 versus SC-APO and 0.235 versus CVT-301. APL was dominant 
over CVT-301 in terms of incremental cost per “OFF” hour, and dominant over both CVT-301 and 
SC-APO in terms of incremental cost per QALY gained. In all scenario analyses, APL was dominant 
against both SC-APO and CVT-301, confirming the robustness of the base-case results.

Discussion: APL was dominant compared with both comparator arms, being less costly and more 
effective on average than SC-APO and CVT-301 in terms of QALYs. For SC-APO, cost-effectiveness 
of APL was driven by lower “on-demand” treatment costs and adverse event–related disutilities. 
For CVT-301, cost-effectiveness of APL was driven by lower “on-demand” treatment costs and 
substantially higher efficacy.

Conclusions: From a US payer perspective, APL represents a cost-effective option compared with SC-
APO and CVT-301 for treatment of “OFF” episodes in patients with PD.

BACKGROUND

Parkinson’s disease (PD) is a chronic, progressive neurologic disorder 
that results from the loss of dopaminergic neurons in the basal ganglia 

and subsequent disruption of thalamic connections to the motor 
cortex.1 PD is characterized by primary motor symptoms such as 
rest tremor, rigidity, bradykinesia, and postural instability2 as well 
as secondary (non-motor) symptoms, including mood and sleep 
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disorders, cognitive changes, hallucinations and delusions, orthostatic 
hypotension, constipation, pain, and fatigue.3,4 The majority of 
PD cases arise sporadically,5 although there is evidence of genetic 
involvement in early-onset PD (ie, age at symptom onset is younger 
than 50 years).6,7 The worldwide prevalence of PD is approximately 
0.3% in the general population aged over 40 years,8 and worldwide 
incidence estimates range from 8–18.6 per 100 000 person-years.5 As 
the incidence of PD increases with age,9 both incidence and prevalence 
of PD are projected to increase as the proportion of older people rises 
globally.10,11 In the United States, approximately 1 million individuals 
are estimated to have PD. This number is projected to increase to 1.2 
million individuals by 2030.11

The neuropsychiatric and motor symptoms of PD negatively 
affect patients’ health-related quality of life (HRQOL)12,13 and the 
life expectancy of patients with PD is shortened, particularly among 
patients with early-onset disease.5 There is currently no cure for PD, 
although a wide variety of pharmacologic and surgical treatments 
are available to manage the frequency and severity of symptoms.14 
Dopamine replacement via levodopa-based treatment is the mainstay 
treatment; however, long-term use is frequently associated with motor 
fluctuations and dyskinesias.15

Motor fluctuations consist of periods when motor and non-motor 
symptoms of PD improve owing to a favorable response to a dose of 
carbidopa/levodopa (“ON”) and periods when the degree and duration 
of response is suboptimal and symptoms reappear or worsen (“OFF” 
episodes). Approximately 50% of patients with PD experience “OFF” 
episodes after 5 years of carbidopa/levodopa treatment, increasing 
to 70% beyond 9 years.16,17 Commonly reported motor symptoms 
during “OFF” episodes include tremor, slowness of movement, and 
balance problems, while frequently reported non-motor symptoms 
include anxiety, drenching sweats, slowness of thinking, fatigue, and 
akathisia.18 “OFF” episodes can significantly impact patients’ and 
caregivers’ HRQOL, employment, and work productivity.13,19-21 The 
onset of “OFF” episodes can be either predictable or sudden, adding to 
the complexity of treatment.22

Current pharmacological options for the management of “OFF” 
episodes include adjusting baseline carbidopa/levodopa treatment, 
adding “ON-extenders,” or adding “on-demand” treatments.23 “ON-
extenders” are used as adjunctive daily maintenance treatments 
to extend “ON” time produced by doses of levodopa. These 
include dopamine agonists, monoamine oxidase-B or catechol-O-
methyltransferase inhibitors, adenosine A2A receptor antagonists, and 
extended-release amantadine. “On-demand” treatments are used when 
needed and can be administered during an “OFF” episode to rapidly 
reverse the episode and produce an “ON.”  “On-demand” treatments 
currently approved by the US Food and Drug Administration (FDA) 
for the treatment of “OFF” episodes in patients with PD include 
apomorphine hydrochloride injection (APOKYN®; approved in 
200424), apomorphine sublingual film (KYNMOBI®; approved in 
202025), and levodopa inhalation powder (INBRIJA®; approved in 
201826). Apomorphine sublingual film and apomorphine hydrochloride 
injection require initial dose titration in a setting supervised by a 
health-care provider and with antiemetic premedication recommended 
3 days prior to the first dose, while levodopa inhalation powder is 
administered at a single dose level without supervision.

The economic burden of PD in the United States is substantial, 
with combined direct and indirect cost estimated at nearly US$52 
billion dollars per year.27 Patients with PD and “OFF” episodes were 
found to have higher health-care resource utilization (HRU) and health-
care costs than those without “OFF,” suggesting that “OFF” episodes 
contribute to the overall economic burden.28 Given the recent entry of 
apomorphine sublingual film to the treatment landscape for “OFF” 

episodes in PD, it is important to evaluate its economic value relative 
to the other two currently approved “on-demand” treatments. Thus, 
this study aimed to address the gap in the literature regarding the cost-
effectiveness of the three currently approved “on-demand” treatments 
for “OFF” episodes in PD in the United States. To do so, we developed 
a cost-effectiveness analysis model of apomorphine sublingual film 
versus two other “on-demand” treatments (apomorphine hydrochloride 
injection and levodopa inhalation powder) for patients with PD 
experiencing “OFF” episodes.

METHODS

Model Overview
The cost-effectiveness analysis model was built from a pooled US 
Medicare and commercial payer perspective. It considered FDA-
approved “on-demand” treatments used when needed to treat 
symptoms of an “OFF” episode in the target population, defined as 
adult patients with a diagnosis of PD treated with carbidopa/levodopa 
(with or without “ON-extenders”) and who experience “OFF” 
episodes. The “on-demand” treatments considered were apomorphine 
sublingual film, apomorphine hydrochloride injection, and levodopa 
inhalation powder. The model used a 10-year time horizon, which 
is consistent with a previously published cost-effectiveness analysis 
model in a similar target population with PD.29 It was developed using 
a microsimulation model with a 3-month cycle length, in order to 
best reflect the recurrent features of “OFF” episodes in patients with 
PD and the intended effect of “on-demand” treatments, and it was 
based on the apomorphine sublingual film pivotal study (CTH-300; 
ClinicalTrials.gov identifier: NCT02469090), which consisted of an 
open-label dose-titration phase and double-blind maintenance phase.30 
Costs and benefits were discounted at a 3% annual rate over the time 
horizon.

The model was developed in R version 3.4.3 (R Core Team, 
Vienna, Austria, 2018). As this was a post hoc analysis of preexisting 
data, no institutional review board approval was required.

Model Structure
The cost-effectiveness analysis model used a microsimulation structure 
to represent recurrent features of “OFF” episodes in patients with 
PD and the intended effect of “on-demand” treatments. This 
microsimulation model simulated the disease course of a cohort of 
10 000 adult patients with PD receiving “on-demand” treatment for 
“OFF” episodes or no “on-demand” treatment over a 10-year time 
horizon. Figure 1 illustrates the model structure; patients entered the 
model with a randomly assigned baseline age, disease stage, and total 
number of “OFF” hours per day based on distributions informed by 
the CTH-300 study.30 Disease stage was described using the modified 
Hoehn and Yahr scale.31 Using these baseline characteristics, patients’ 
risk of death was estimated for each 3-month cycle. Probability of 
death was calculated from the US life tables32 with an adjustment 
based on the relative risk of death given the patients’ age and PD 
severity. Patients’ life status (alive or dead) was then simulated using 
the probability of death.

In each alive cycle, the patients’ total number of “OFF” hours 
per day was simulated based on distributions informed by clinical 
outcomes for each comparator arm. Patients were then assigned costs 
and utility values depending on their simulated “OFF” hours. “On-
demand” treatment-related costs and adverse event (AE)–related 
costs/disutilities were applied in accordance with the comparator 
arm. The likelihood of treatment discontinuation was modeled based 
on a distribution of treatment duration informed by the CTH-300 
study30 or literature.33 Patients who discontinued active “on-demand” 
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Figure 1. Cost-Effectiveness Analysis Model

Abbreviations: AE, adverse event; HRU, health-care resource utilization.

Table 1. Assumptions in the Cost-Effectiveness Analysis Model

Aspect of Model Key Assumptions Justification

Model states and transitions •	 Disease progression (eg, Hoehn and Yahr 
scale stage) and mortality are not affected by 
“on-demand” treatment

•	 “On-demand” treatment is used when needed 
as an acute treatment of symptoms and is not 
expected to influence overall disease progression 
and mortality

•	 Probability of death was assumed to be based 
on age and disease stage at baseline and at the 
start of each model cycle

•	 Presumably, patients that are older and/or have 
more severe PD (as per modified Hoehn and Yahr 
scale) have a higher probability of death

Costs •	 Costs associated with “OFF” time were 
independent of comparator arms, except 
indirectly through the effectiveness of “on-
demand” treatment in reducing “OFF” time

•	 It is not expected that costs associated with “OFF” 
time would be otherwise associated with treatment 
arms

•	 The underlying costs of PD were assumed to 
be the same across comparator arms and were 
not modeled explicitly

•	 It is not expected that there would be systematic 
differences in the underlying costs of PD associated 
with different treatment arms

•	 The utilization and cost of maintenance (eg, 
carbidopa/levodopa) and “ON-extender” 
(ie, adjunctive) treatments (eg, dopamine 
agonists, COMT inhibitors, MAO-B 
inhibitors) were assumed to be the same 
across treatment comparator groups

•	 The utilization of maintenance and “ON-extender” 
treatments may vary from patient to patient; 
however, it is not expected that there would be 
any systematic differences among the cohorts of 
patients initiating each of the respective treatments

•	 DACON assumed to be the same for all “on-
demand” treatments

•	 “On-demand” treatments are used when needed 
as an acute treatment of symptoms. Given that 
treatment costs are a function of how often 
patients use the treatment, the DACON is 
assumed equal to allow for more fair comparisons

Utilities •	 Utilities associated with “OFF” time are 
independent of comparator arms, except 
indirectly through the effectiveness of 
treatments in reducing “OFF” time

•	 It is not expected that utilities associated with 
“OFF” time would be otherwise associated with 
treatment arms

•	 The underlying utility of PD was assumed to 
be the same across comparator arms and was 
not modeled explicitly

•	 It is not expected that there would be differences 
in the underlying utility of PD associated with 
different treatment arms

Abbreviations: COMT, catechol-O-methyltransferase; DACON, daily average consumption; MAO-B, monoamine oxidase-B; PD, Parkinson’s disease.
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treatment were assumed to follow the efficacy for patients on no “on-
demand” treatment, which was assumed to have no “on-demand” 
treatment costs or AEs.

Baseline characteristics were updated after each 3-month cycle to 
inform the risk of death and other outcomes in the next cycle. Costs 
and utility values were aggregated over the 10-year time horizon for 
the simulated cohorts of patients receiving each type of “on-demand” 
treatment. The key cost-effectiveness result (incremental cost per 
quality-adjusted life year [QALY] gained) for apomorphine sublingual 
film versus each comparator arm was estimated. Table 1 includes a 
description of the key assumptions in the cost-effectiveness analysis 
model.

Model Inputs
Inputs for the cost-effectiveness analysis model are summarized in 
Table 2.

Baseline Characteristics Inputs
Baseline data on age (mean [standard deviation]: 62.70 [8.95] years), 
“OFF” hours per day (mean [standard deviation]: 3.90 [1.81] hours), 
and Hoehn and Yahr stage probability (stage 1: 0.9%, stage 2: 73.2%, 
stage 3: 25.9%, stages 4 and 5: 0.0%) were based on the CTH-300 
study (unpublished observations).30 Patients’ age and disease stage 
were updated at each 3-month cycle. The proportion of patients in 
Hoehn and Yahr stage 3 was calculated as the sum of patients in Hoehn 

Table 2. Cost-Effectiveness Analysis Model Inputs

Model Inputs Category Description

Microsimulation 
inputs

Baseline characteristics •	 Age, Hoehn and Yahr stage, and “OFF” hours per day were informed by the pivotal trial of 
apomorphine sublingual film30

o	 Mean (SD) age: 62.70 (8.95) years
o	 Mean (SD) “OFF” hours per day: 3.90 (1.81)
o	 Hoehn and Yahr stage probability

	 Stage 1: 0.9%
	 Stage 2: 73.2%
	 Stage 3: 25.9%
	 Stages 4 and 5: 0.0%

•	 Age and disease stage were updated at each 3-month cycle
•	 Probability of disease progression was derived from published literature34

•	 Number of “OFF” hours was calculated as the product of patient-reported number of daily 
“OFF” episodes and typical duration of an “OFF” episode at patient’s baseline; values were 
updated at each 3-month cycle

Efficacy •	 Changes in “OFF” time resulting from “on-demand” treatments:
o	 Apomorphine sublingual film: –1.32 hours35 
o	 Apomorphine hydrochloride injection: –1.32 hoursa

o	 Levodopa inhalation powder: –0.01 hours35

Discontinuation •	 Three-month discontinuation rates were based on observed clinical trial data30,33 or 
computed for apomorphine hydrochloride injection as follows:  
s(t) = Xt + tyb

o	 Apomorphine sublingual film: 27.8%
o	 Apomorphine hydrochloride injection: 15.8%
o	 Levodopa inhalation powder: 5.3%

Mortality •	 Calculated from US life tables and adjusted for relative risk of death based on patient age 
and disease severity from published literature38,52

Cost inputs Drug acquisition costs •	 WAC price per package42

o	 Apomorphine sublingual film: US$787.50
o	 Apomorphine hydrochloride injection: US$1100.00
o	 Levodopa inhalation powder: US$997.50

•	 DACON: 1.0 dose per day for all treatments
•	 No rebates or discounts assumed for any treatment
•	 No “on-demand” treatment was considered to have zero “on-demand” treatment costs

Abbreviations: AE, adverse event; CADTH, Canadian Agency for Drugs and Technologies in Health; DACON, daily average consumption; ER, emergency room; 
HRQOL, health-related quality of life; HRU, health-care resource utilization; PD, Parkinson’s disease; SD, standard deviation; US, United States; 
WAC, wholesale acquisition cost.

a As both “on-demand” treatments are different formulations of the same molecule (ie, apomorphine), both formulations were expected to have similar efficacy and 
thus, efficacy parity was assumed between apomorphine hydrochloride injection and apomorphine sublingual film.
b Where t is week, s is share remaining on treatment at week t, X is the base rate for an exponential, and y is a linear “flattening” factor, assumed to be in parity with 
that computed based on apomorphine sublingual film data.
c Based on data from the Adelphi Real World Disease Specific Programmes for PD.
d Informal caregiver time was included in scenario 4 only and not the base model.
e Values extrapolated based on utilities reported for “OFF” episode I and “OFF” episode II categories.
f Utility per “OFF” hour was estimated based on the utilities reported for “OFF” episode I and “OFF” episode II categories, because baseline utility values for the 
other categories were extrapolated.
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and Yahr stages 2.5 and 3 at baseline. The probability of progression 
between Hoehn and Yahr stages was derived from the literature.34 
Probability for each Hoehn and Yahr stage was calculated over the non-
missing values for the Hoehn and Yahr stage reported for the overall 
modified intention-to-treat population (N=109). The number of daily 
“OFF” hours for each patient was calculated as the product of self-
reported number of daily “OFF” episodes and the typical duration of 
an “OFF” episode at patients’ baseline. The number of “OFF” hours 
at each 3-month cycle was based on the efficacy of the respective “on-
demand” treatments (see Efficacy Inputs below).

Efficacy Inputs
The total amount of “OFF” time that a patient with PD experiences 
before and after on-demand treatment captures the extent of “OFF” 
episodes and the effectiveness and durability of “on-demand” treatments 
in relieving “OFF” symptoms. Data on “OFF” hour decrements owing 
to “on-demand” treatment were derived from a matching-adjusted 
indirect comparison of the efficacy of apomorphine sublingual film 
versus levodopa inhalation powder for the treatment of “OFF” episodes 
in patients with PD.35 The post-weighting, anchor-based mean changes 

in daily “OFF” hours from that matching-adjusted indirect comparison 
were –1.32 “OFF” hours with apomorphine sublingual film and 
–0.01 “OFF” hours with levodopa inhalation powder.35 The value for 
reduction in total daily “OFF” time for levodopa inhalation powder 
was derived directly from the levodopa inhalation powder pivotal 
study.36 Changes in daily “OFF” hours for apomorphine sublingual 
film were calculated from the CTH-300 study30 by multiplying the 
mean number of apomorphine sublingual film treatments per day 
(derived from patients’ home dosing and response diaries) and the 
imputed duration of “ON” per treatment episode (in-clinic data on 
patients’ “ON”/“OFF” status at discrete points in time).

Because of limitations in the pivotal apomorphine hydrochloride 
injection study,37 a similar anchor-based comparison could not be 
performed for apomorphine sublingual film versus apomorphine 
hydrochloride injection. In addition, both “on-demand” treatments 
are different formulations of the same molecule (ie, apomorphine). 
For these reasons, efficacy parity was assumed between apomorphine 
hydrochloride injection and apomorphine sublingual film (ie, a change 
in –1.32 “OFF” hours for apomorphine hydrochloride injection) for 
the model.

Table 2. Cost-Effectiveness Analysis Model Inputs

Cost inputs Medical costs •	 Changes in per-patient medical costs were based on baseline HRU units,  HRU associated 
with one extra “OFF” hour, and cost per unit of HRU (see Online Supplementary 
Material, Table S3 for values for hospitalization days, specialist visits, ER visits, and 
informal caregiver timec)43,44,c,d

AE costs •	 AEs were assumed to occur in the first 3-month cycle, as patients who discontinue due to 
AEs would likely discontinue in the first cycle

•	 AE incidence rates were derived from published literature30,36,41

•	 Unit cost for most AEs was based on HRU reported in the CADTH Pharmacoeconomic 
Report (see Online Supplementary Material, Table S2)41

•	 Total annual AE costs
o	 Apomorphine sublingual film: US$359.59
o	 Apomorphine hydrochloride injection: US$110.73
o	 Levodopa inhalation powder: US$510.35

Utility inputs Utility associated with 
“OFF” time

•	 Baseline utility values associated with “OFF” time were derived from published literature45/
extrapolation methods
o	 “OFF” episode category I (1–4 hours): 0.643
o	 “OFF” episode category II (4–8 hours): 0.555
o	 “OFF” episode category III (8–12 hours): 0.467e

o	 “OFF” episode category IV (12–16 hours): 0.379e

•	 Nonlinear utility gainf

o	 For the first “OFF” hour reduced: 0.044
o	 For each additional hour after the first: 0.015

Disutilities associated 
with AEs

•	 HRQOL impact of specific AEs was incorporated as one-time disutilities during the first 
3-month cycle

•	 Utility decrement values for AEs were obtained from published literature (see Online 
Supplementary Material, Table S2)43

•	 Total AE disutilities
o	 Apomorphine sublingual film: 0.014
o	 Apomorphine hydrochloride injection: 0.001
o	 Levodopa inhalation powder: 0.059

Abbreviations: AE, adverse event; CADTH, Canadian Agency for Drugs and Technologies in Health; DACON, daily average consumption; ER, emergency room; 
HRQOL, health-related quality of life; HRU, health-care resource utilization; PD, Parkinson’s disease; SD, standard deviation; US, United States; 
WAC, wholesale acquisition cost.

a As both “on-demand” treatments are different formulations of the same molecule (ie, apomorphine), both formulations were expected to have similar efficacy and 
thus, efficacy parity was assumed between apomorphine hydrochloride injection and apomorphine sublingual film.
b Where t is week, s is share remaining on treatment at week t, X is the base rate for an exponential, and y is a linear “flattening” factor, assumed to be in parity with 
that computed based on apomorphine sublingual film data.
c Based on data from the Adelphi Real World Disease Specific Programmes for PD.
d Informal caregiver time was included in scenario 4 only and not the base model.
e Values extrapolated based on utilities reported for “OFF” episode I and “OFF” episode II categories.
f Utility per “OFF” hour was estimated based on the utilities reported for “OFF” episode I and “OFF” episode II categories, because baseline utility values for the 
other categories were extrapolated.
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Treatment Discontinuation Inputs
The apomorphine sublingual film 3-month discontinuation rate was 
calculated based on reported discontinuations due to treatment-
emergent AEs.30 In the same pivotal study, patients discontinued 
treatment due to AEs until approximately week 12, after which the 
discontinuation rate remained mostly constant. Thus, the model 
assumed that patients did not discontinue the treatment after 12 weeks, 
equivalent to assuming that patients only discontinue in the first cycle. 
The apomorphine hydrochloride injection 3-month discontinuation 
rate was not available in the literature and was, therefore, computed 
assuming the survival on treatment function was given by: s(t) = Xt + 
ty, where t is week, s is the share remaining on treatment at week t, X 
is the base rate for an exponential, and y is a linear “flattening” factor. 
The flattening factor (y) was computed based on the apomorphine 
sublingual film data and was assumed to be the same for the 
comparator arms. The base rate, X, was calculated from the 1-month 
discontinuation rate for apomorphine hydrochloride injection and y. 
The levodopa inhalation powder 3-month discontinuation rate was 
based on LeWitt et al.33,36 The estimated 3-month discontinuation rates 
incorporated in the model were 27.8% for apomorphine sublingual 
film, 15.8% for apomorphine hydrochloride injection, and 5.3% for 
levodopa inhalation powder.

Mortality Inputs
Probability of death was calculated from the US life tables32 with an 
adjustment based on the relative risk of death given the patients’ age 
and PD severity, informed by Liou et al.38 Mortality hazard ratios 
based on age and Hoehn and Yahr stage are shown in the Online 
Supplementary Material, Table S1.

Cost Inputs
Costs considered in the model included “on-demand” treatment costs, 
“OFF” episode–related medical costs, and AE-related costs. Patients 
were assigned “on-demand” treatment costs based on their simulated 
overall survival and time on treatment using the treatment cost inputs 
outlined below. Medical costs were based on patients’ simulated overall 
survival, time on treatment, and number of “OFF” hours per day. 
A one-off AE-related cost was applied in the patients’ first 3-month 
cycle (by aggregating the data listed in the Online Supplementary 
Material, Table S2). Raw costs not reported in 2020 US dollars (USD) 
were inflated to 2020 USD based on the medical component of the 
Consumer Price Index.39

Drug Acquisition Costs
For each treatment, the per-patient cost of treatment was based on the 
following components: average dose (for apomorphine hydrochloride 
injection), wholesale acquisition cost (WAC) price per package, 
total package size, and daily average consumption. The model 
assumed no rebates or discounts for any treatment. For apomorphine 
hydrochloride injection, the average dose (4.0 mg) was based on the 
simple average dose of studies included in the Canadian Agency for 
Drugs and Technologies in Health (CADTH) Common Drug Review, 
Clinical Review Report on apomorphine hydrochloride injection.37,40,41 
For apomorphine hydrochloride injection and levodopa inhalation 
powder, the WAC price per package (US$1100.00 and US$997.50, 
respectively) and total package size (30 mg and 2520 mg, respectively) 
were derived from the IBM Micromedex RED BOOK.42 Daily average 
consumption (1.0 dose per day for all treatments) was based on internal 
assumptions. The WAC package price for apomorphine sublingual film 
(US$787.50) was based on information from the IBM Micromedex 
RED BOOK.42 Apomorphine sublingual film dosage does not affect 
the “on-demand” treatment costs because it is available at a flat package 

price regardless of dose per strip. No “on-demand” treatment was 
assumed to have zero “on-demand” treatment costs. “On-demand” 
treatment costs were applied over the simulated duration of treatment, 
accounting for treatment discontinuation and patient mortality risk.

Medical Costs
While “on-demand” treatment costs account for the majority of the 
costs included in the cost-effectiveness analysis model, changes in 
medical costs owing to reductions in “OFF” time were also considered. 
Changes in per-patient medical costs were based on the following 
components: baseline units of HRU (ie, hospitalization days, specialist 
visits, emergency room visits, and informal caregiver hours), HRU 
associated with one extra “OFF” hour, and cost per unit of HRU. 
Baseline HRU and HRU associated with one extra “OFF” hour were 
calculated based on data from Adelphi Real World’s Disease Specific 
Programmes for PD. Cost per unit for medical resources was based 
on Palmer et al.43 Medical cost inputs are summarized in the Online 
Supplementary Material, Table S3. Units of HRU and changes 
associated with one extra “OFF” hour were normalized to 3-month 
periods used in the microsimulation model.

AE Costs
Costs related to the management of key treatment-emergent AEs were 
considered in the model. AEs were assumed to occur in the first 3-month 
cycle to approximate the time in the titration period for apomorphine 
sublingual film and apomorphine hydrochloride injection (levodopa 
inhalation powder does not require dose titration). Patients were 
assumed to enter the model after they had been titrated to the optimal 
dose. AE incidence rates, listed in the Online Supplementary Material, 
Table S2, were extracted from pivotal study data for apomorphine 
sublingual film,30 from a CADTH Pharmacoeconomic Report for 
apomorphine hydrochloride injection,41 and from LeWitt et al for 
levodopa inhalation powder.33 All types of AEs related to swelling were 
grouped under “edema” for consistency with the levodopa inhalation 
powder and apomorphine hydrochloride injection pivotal studies.30,37 
Because of the potentially differing definitions of dyskinesia across 
studies, this AE was excluded in order to be conservative. Unit costs 
for AEs, listed in the Online Supplementary Material, Table S2, were 
primarily based on HRU reported in the CADTH Pharmacoeconomic 
Report.41 For AEs not reported there, the model assumed AE-related 
HRU comparable to that reported in the CADTH Pharmacoeconomic 
Report. For apomorphine sublingual film, apomorphine hydrochloride 
injection, and levodopa inhalation powder, the total annual AE 
costs were estimated at US$359.59, US$510.35, and US$110.73, 
respectively.

Utility and Disutility Inputs
Utility values were derived from a cost-effectiveness study in patients 
with PD by Lowin et al.45 EuroQol – 5 Dimensions data were reported 
by Hoehn and Yahr status and time spent in “OFF” episodes, and 
utility weights were estimated for each health state. Four categories of 
“OFF” hour benefit were constructed (“OFF” episode category I: 1–4 
hours, “OFF” episode category II: 4–8 hours, “OFF” episode category 
III: 8–12 hours, and “OFF” episode category IV: 12–16 hours), per 
Lowin et al.45 Utility per “OFF” hour was estimated based on the 
utilities reported for “OFF” episode category I (utility: 0.643) and 
“OFF” episode category II (utility: 0.555), since utility values for other 
categories were based mainly on extrapolation rather than observed 
data. In the base case, the model assumed that half of the change in 
utility between “OFF” episode category I and “OFF” episode category 
II was attributed to the first “OFF” hour reduced, reflecting patients’ 
use of “on-demand” treatments when most needed. This assumption 
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was modified in the scenario analyses described below. The nonlinear 
utility gain for the first “OFF” hour reduced was assumed at 0.044, 
and for each additional hour reduced, the utility was assumed at 0.015.

The HRQOL impact of specific treatment-emergent AEs were 
incorporated as a one-time disutility during the titration period 
(first 3-month cycle), following other published cost-effectiveness 
evaluations.41 Utility decrement values for AEs were obtained from 
Palmer et al43 and consisted of 0.16 for dizziness and 0.18 for chest 
pain/pressure/angina. Subsequent effects of treatment-emergent 
AEs were captured largely through treatment discontinuation rates. 
Apomorphine sublingual film, apomorphine hydrochloride injection, 
and levodopa inhalation powder total AE disutilities were 0.014, 
0.059, and 0.001, respectively.

Model Outputs
Base Case
The model estimated the total costs and effectiveness for each 
comparator arm included in the model. Total and incremental patient 
costs and QALYs were summarized for each arm and for apomorphine 
sublingual film versus each comparator (apomorphine hydrochloride 
injection and levodopa inhalation powder). A detailed breakdown of 
costs by category were also reported (eg, “on-demand” treatment costs, 
treatment-emergent AE costs, medical costs). Health effects in the 
model were expressed in terms of QALYs gained and total time spent 
without “OFF” episode symptoms. Incremental cost-effectiveness ratios 
for apomorphine sublingual film versus apomorphine hydrochloride 
injection and levodopa inhalation powder were estimated and 
expressed as the incremental patient costs per-patient QALY gained 
and incremental cost per “OFF” hour avoided.

Scenario Analysis
As the microsimulation model captured the potential variation in the 
inputs and the resulting outputs, additional probabilistic sensitivity 
analyses, which are often performed for Markov cohort models, would 
not contribute meaningful insights. The following set of four scenario 
analyses were compared with the base case: 1.) using efficacy inputs from 
a different indirect treatment comparison of apomorphine sublingual 
film and levodopa inhalation powder (unpublished observations); 2.) 
assuming linear change in utility per “OFF” hour reduced (ie, each 

“OFF” hour reduced as a result of an “on-demand” treatment will 
cause the same gain in utility, as opposed to the baseline assumption 
of greater gain from the first hour of “OFF” episode reduction); 3.) 
limiting the model horizon to 5 years; and 4.) considering costs owing 
to caregiver burden in the model. The scenario analysis for caregiver 
burden considered informal caregiver time (hours spent caregiving) 
and associated costs (Online Supplementary Material, Table S3). The 
baseline number of caregiver hours (444.22 hours over the 3-month 
cycle) was derived from the overall mean caregiver hours reported 
in Findley et al.29 The incremental unit was calculated by taking the 
difference in mean hours for patients in “OFF” episode category IV 
and category I. Assuming this difference was linear with regard to 
“OFF” hours, it was divided by the “OFF” hours spread between the 
two categories (12 hours) to obtain the units associated with one extra 
“OFF” hour (18.8 hours). Cost per unit for caregiver hours was listed 
with the US Bureau of Labor Statistics.44

RESULTS

Base Case
The results of the base case analysis (using an annual discount rate of 
3% for costs and utilities) are listed in Table 3. Over a 10-year time 
horizon, “on-demand” treatment costs were estimated at US$42 095 
for apomorphine sublingual film, US$276 320 for apomorphine 
hydrochloride injection, and US$69 577 for levodopa inhalation 
powder (2020 USD). The differences in “on-demand” treatment costs 
were US–$234 225 between apomorphine sublingual film versus 
apomorphine hydrochloride injection, and US–$27 482 between 
apomorphine sublingual film versus levodopa inhalation powder. 
Because of higher discontinuation rates, patients in the apomorphine 
sublingual film arm incurred slightly higher medical costs compared 
with apomorphine hydrochloride injection (US$3403 vs US$3363; 
difference: US$40). Conversely, because of substantially higher 
efficacy, patients in the apomorphine sublingual film arm incurred 
lower medical costs relative to levodopa inhalation powder (US$3403 
vs US$3627; difference: US–$224). The costs related to treatment-
emergent AEs were US$367 (apomorphine sublingual film), US$530 
(apomorphine hydrochloride injection), and US$114 (levodopa 
inhalation powder), with differences of US–$163 for apomorphine 

Table 3. Base-Case Results of the Model

Apomor-
phine 

Sublingual 
Film

Apomorphine 
Hydrochloride 

Injection

Levodopa 
Inhalation 

Powder

Apomorphine 
Sublingual Film 
vs Apomorphine 
Hydrochloride 

Injection

Apomorphine 
Sublingual Film 

vs Levodopa 
Inhalation 

Powder

Costs (2020 USD) 

“On-demand” treatment costs (rebated) $42 095 $276 320 $69 577 –$234 225 –$27 482

Medical costs $3403 $3363 $3627 $40 –$224

Adverse event costs $367 $530 $114 –$163 $253

Total costs $45 865 $280 213 $73 317 –$234 349 –$27 453

Effectiveness

Number of “OFF” hours 7732 7314 10 076 419 –2344

Life years 6.020 6.020 6.020 0.000 0.000

QALY, years 4.107 4.088 3.872 0.019 0.235

ICER (2020 USD) 

Incremental cost per “OFF” hour avoided – – – $559a Dominant

Incremental cost per QALY gained – – – Dominant Dominant
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year; USD, United States dollars. 

a Costs and efficacy for apomorphine sublingual film are lower than those of the comparator.
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sublingual film versus apomorphine hydrochloride injection and 
US$253 for apomorphine sublingual film versus levodopa inhalation 
powder. Thus, apomorphine sublingual film had the lowest total “on-
demand” treatment costs (US$45 865) compared with apomorphine 
hydrochloride injection (US$280 213; difference: US–$234 349) and 
levodopa inhalation powder (US$73 317; difference: US–$27 453) 
over the 10-year time horizon.

Over the same time period, apomorphine sublingual film was 
also associated with the highest utility, with incremental QALYs of 
0.019 compared with apomorphine hydrochloride injection (4.107 
vs 4.088 QALYs, respectively) and 0.235 compared with levodopa 
inhalation powder (4.107 vs 3.872 QALYs) (Table 3). The number 
of “OFF” hours was highest for levodopa inhalation powder (10 076 
hours) compared with apomorphine sublingual film and apomorphine 
hydrochloride injection (7732 and 7314 hours, respectively). All three 
treatments were associated with 6.02 life years. The incremental cost 
per “OFF” hour avoided was US$559 for apomorphine sublingual film 
versus apomorphine hydrochloride injection. Apomorphine sublingual 
film was dominant over levodopa inhalation powder in terms of 
incremental cost per “OFF” hour, and dominant over both levodopa 
inhalation powder and apomorphine hydrochloride injection in terms 
of incremental cost per QALY gained. Apomorphine sublingual film 
was projected to be dominant in 70% of patients versus apomorphine 
hydrochloride injection and 71% versus levodopa inhalation powder.

Scenario Analysis
The results of scenario analyses are summarized in Table 4. Apomorphine 
sublingual film was dominant against both apomorphine hydrochloride 
injection and levodopa inhalation powder in all scenarios, including 
the scenario that incorporated caregiver cost burden (scenario 4). In 
that scenario, the incremental costs of apomorphine sublingual film 

versus apomorphine hydrochloride injection were US–$231 110 and 
those of apomorphine sublingual film versus levodopa inhalation 
powder were US–$45 719; the incremental QALYs gained were 0.019 
and 0.235, respectively.

DISCUSSION

Patients with PD often experience “OFF” episodes that can substantially 
impact HRQOL, ability to work, and caregiver burden.19-21 “On-
demand” treatments provide benefits of rapid onset for relief of 
motor symptoms during an “OFF” episode and can be administered 
concomitant to or between doses of carbidopa/levodopa when needed. 
With the recent FDA approval of apomorphine sublingual film as an 
“on-demand” treatment for patients with PD who experience “OFF” 
episodes, it is important to assess its cost-effectiveness compared 
with the other two available treatments (apomorphine hydrochloride 
injection and levodopa inhalation powder) to help inform decisions 
by payers, patients, caregivers, and health-care providers. This study 
constructed a microsimulation cost-effectiveness analysis model from 
a US payer perspective with a 10-year time horizon, incorporating 
efficacy and cost inputs informed by data from the pivotal studies 
of the “on-demand” treatments or the literature. The results of the 
model indicated that apomorphine sublingual film was the dominant 
treatment choice, in terms of being both cost saving and resulting in 
improved health outcomes, relative to apomorphine hydrochloride 
injection or levodopa inhalation powder in the treatment of “OFF” 
episodes in patients with PD.

Considering both cost and utility outcomes, apomorphine 
sublingual film was dominant compared with both comparator arms, 
being less costly and more effective on average than apomorphine 
hydrochloride injection and levodopa inhalation powder. The 

Table 4. Scenario Results of the Model

Apomorphine 
Sublingual 

Film

Apomorphine 
Hydrochloride 

Injection

Levodopa 
Inhalation 

Powder

Apomorphine 
Sublingual Film 
vs Apomorphine 
Hydrochloride 

Injection

Apomorphine 
Sublingual Film 

vs Levodopa 
Inhalation 

Powder

Scenario 1: Efficacy data from an indirect treatment comparison of apomorphine sublingual film and levodopa inhalation powdera

Total costs $45 802 $280 139 $73 139 –$234 337 –$27 337

QALY, years 4.141 4.116 4.071 0.025 0.070

Incremental cost per QALY gained – – – Dominant Dominant

Scenario 2: Assuming linear change in utility per “OFF” hour reduced

Total costs $45 864 $280 212 $73 317 –$234 349 –$27 454

QALY, years 3.983 3.961 3.871 0.022 0.112

Incremental cost per QALY gained – – – Dominant Dominant

Scenario 3: Limiting the model horizon to 5 years

Total costs $30 918 $187 248 $48 874 –$156 330 –$17 956

QALY, years 2.731 2.702 2.578 0.029 0.153

Incremental cost per QALY gained – – – Dominant Dominant

Scenario 4: Considering costs owing to caregiver burden

Total costs $484 956 $716 066 $530 675 –$231 110 –$45 719

QALY, years 4.107 4.088 3.872 0.019 0.235

Incremental cost per QALY gained – – – Dominant Dominant
All costs are presented in 2020 USD. 
Abbreviations: QALY, quality-adjusted life year; USD, United States dollars. 

a Scenario 1 used “OFF” hour decrements of 1.7 for apomorphine sublingual film and 0.8 for levodopa inhalation powder and assumed parity between 
apomorphine sublingual film and apomorphine hydrochloride injection (unpublished observations).
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favorable result of apomorphine sublingual film versus apomorphine 
hydrochloride injection was primarily driven by the large difference 
in “on-demand” treatment costs, which was coupled with a modest 
advantage in QALYs gained. While apomorphine sublingual film and 
apomorphine hydrochloride injection were assumed to be associated 
with equal reductions in daily “OFF” hours, the advantage in QALYs 
was the result of a more favorable AE profile (ie, lower AE-related 
disutility), which in turn offsets the higher rates of discontinuation with 
apomorphine sublingual film. The favorable result of apomorphine 
sublingual film versus levodopa inhalation powder was driven by 
higher efficacy of apomorphine sublingual film (as demonstrated by a 
larger reduction in daily “OFF” time from a prior indirect treatment 
comparison)35 and lower costs of treatment. These results were robust 
across four different scenario analyses that varied the inputs, limited the 
model horizon, or considered indirect costs owing to caregiver burden. 
The microsimulation findings indicated that apomorphine sublingual 
film was dominant across approximately 70% of runs against either 
comparator, and the various scenario analyses had little effect on the 
comparative findings.

As this is the first study exploring the cost-effectiveness of 
apomorphine sublingual film relative to apomorphine hydrochloride 
injection and levodopa inhalation powder, there are no other studies 
to directly compare with the present results. However, several cost-
effective analyses have been conducted of PD treatments,34,46-49 as well 
as for treatments of “OFF” episodes, although the latter are primarily 
in Europe. A cost-effectiveness analysis by Walter et al reported that 
continuous subcutaneous apomorphine hydrochloride injection 
for patients with PD and “OFF” episodes was cost-effective versus 
other treatments available in the United Kingdom and Germany.50 
A cost-effectiveness analysis by Lowin et al reported that carbidopa/
levodopa intestinal gel was cost-effective to reduce “OFF” time versus 
standard of care in the United Kingdom based on QALY gained and 
the incremental cost-effectiveness ratio.45 Another cost-effectiveness 
analysis by Kalabina et al reported that carbidopa/levodopa intestinal 
gel was cost-effective versus standard of care in Scotland and Wales to 
reduce “OFF” time in patients ineligible for deep-brain stimulation or 
apomorphine hydrochloride injection.51 While these cost-effectiveness 
analyses used a Markov model as the basis for their analyses, the current 
study relied on a microsimulation approach that facilitates heterogeneity 
of individual patient outcomes. In addition, the microsimulation 
model does not assume any changes in disease progression owing to 
“on-demand” treatment. However, the other published models, while 
not focused on “on-demand” treatments, also incorporate “OFF” 
hours as well as common AEs and derived model inputs from pivotal 
studies and the literature.

The progression of PD differs in each patient, thus the cost-
effectiveness of certain treatments and how they impact HRQOL or 
meet individual patients’ needs should be considered, with the goal 
of maximizing the time spent in less severe disease states. In addition, 
studies that consider other indirect costs, such as patients’ work loss or 
impacts on income, may be considered as avenues for future research.

A strength of this study is that the microsimulation approach 
provided opportunities to capture heterogeneity among individuals, 
especially regarding daily “OFF” time and disease stage. 

Limitations
This study is subject to several limitations, some of which are inherent 
to cost-effectiveness analyses. First, this model did not account for 
potential modifications to maintenance treatments for PD as a result 
of “on-demand” treatment utilization. Second, the cost inputs for 
“on-demand” treatment may not have taken into account all aspects 
of real-world treatment use. For example, wastage owing to priming 

with apomorphine hydrochloride injection could further increase the 
cost of apomorphine hydrochloride injection. Antiemetic pretreatment 
or treatment with antiemetics after dose titration was not included 
as a cost input for apomorphine sublingual film and apomorphine 
hydrochloride injection treatment and this could also increase total 
costs. 

A further limitation of this study relates to the fact that efficacy 
parity could only be assumed for the comparisons of apomorphine 
sublingual film and apomorphine hydrochloride injection in the 
model, owing to a lack of direct head-to-head comparisons and 
differences in study design, which made an indirect, anchor-based 
comparison difficult to perform. As both “on-demand” treatments are 
different formulations of the same molecule (ie, apomorphine), both 
formulations were expected to have similar efficacy. More head-to-head 
studies are needed to further inform the comparative effectiveness and 
cost-effectiveness of “on-demand” treatments for “OFF” episodes in 
patients with PD.

With regard to treatment discontinuation inputs, the 
apomorphine hydrochloride injection 3-month discontinuation 
rate was not available in the literature and was, therefore, computed 
using a formula based on the discontinuation rate observed in the 
apomorphine sublingual film clinical study data. Because the approach 
fit the apomorphine sublingual film study data well, it was assumed 
reasonable for use to project the discontinuation rate for apomorphine 
hydrochloride injection. However, it should be noted that this is only 
an assumption and may constitute a limitation of this analysis.

Scenario analyses addressed some of the limitations related to 
model inputs. Scenario 1 addressed the limited efficacy data available 
by using results from a second indirect treatment comparison of 
apomorphine sublingual film and levodopa inhalation powder. 
Scenario 2 relaxed an assumption regarding the functional form of 
utility. Scenario 3 addressed uncertainty with regard to the relevant 
time horizon, given the advanced age of patients and that many patients 
will discontinue treatment or die within 5 years. Finally, scenario 4 
included cost differences related to informal caregiving. Informal 
caregiving included care provided by nonprofessional caregivers (ie, 
family and friends) and not institutional caregivers (ie, long-term care 
facilities, including skilled nursing facilities). While informal caregiver 
costs were not borne by payers, they reflected a real burden to families. 
Differences in “OFF” times across treatments were related to caregiver 
burden in this scenario.

CONCLUSIONS

The results of this cost-effectiveness analysis model suggest that, from 
a US payer perspective, apomorphine sublingual film represents a cost-
effective option compared with apomorphine hydrochloride injection 
and levodopa inhalation powder for the treatment of “OFF” episodes 
in patients with PD.

Acknowledgments: Medical writing and editorial assistance were provided 
by Shelley Batts, PhD, an employee of Analysis Group, Inc. (Boston, MA, 
USA), and Robert Schupp, PharmD, CMPP, and Edwin Thrower, PhD, of 
The Lockwood Group (Stamford, CT, USA). Support for this assistance was 
provided by Sunovion Pharmaceuticals Inc. (Marlborough, MA, USA).

Funding Source: Support for this study was provided by Sunovion 
Pharmaceuticals Inc. (Marlborough, MA, USA).

Disclosure of Conflicts of Interest: AT, EP, and GRW are employees of 
Sunovion Pharmaceuticals Inc. (Marlborough, MA, USA) and hold stock/



119Thach A, et al.

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH

options. NK, MLZ, and ID are employees of Analysis Group, Inc. (Boston, 
MA, USA), which has received consulting fees from Sunovion Pharmaceuticals 
Inc.

Data Sharing Statement: Data for this study will be made available upon request 
via the Clinical Study Data Request site (http://clinicalstudydatarequest.com).

REFERENCES

1.	 Davie CA. A review of Parkinson’s disease. Br Med Bull. 
2008;86:109-127. doi:10.1093/bmb/ldn013

2.	 Lang AE, Lozano AM. Parkinson’s disease. Second of two 
parts. N Engl J Med. 1998;339(16):1130-1143. 
doi:10.1056/NEJM199810153391607

3.	 Chaudhuri KR, Healy DG, Schapira AH; National Institute 
for Clinical Excellence. Non-motor symptoms of Parkinson’s 
disease: diagnosis and management. Lancet Neurol. 
2006;5(3):235-245. doi:10.1016/S1474-4422(06)70373-8

4.	 Jankovic J. Parkinson’s disease: clinical features and 
diagnosis. J Neurol Neurosurg Psychiatry. 2008;79(4):368-
376. doi:10.1136/jnnp.2007.131045

5.	 de Lau LML, Breteler MM. Epidemiology of Parkinson’s 
disease. Lancet Neurol. 2006;5(6):525-535. 
doi:10.1016/S1474-4422(06)70471-9

6.	 Singleton AB, Farrer MJ, Bonifati V. The genetics of 
Parkinson’s disease: progress and therapeutic implications. 
Mov Disord. 2013;28(1):14-23. doi:10.1002/mds.25249

7.	 Klein C, Schlossmacher MG. Parkinson disease, 10 years 
after its genetic revolution: multiple clues to a complex 
disorder. Neurology. 2007;69(22):2093-2104. 
doi:10.1212/01.wnl.0000271880.27321.a7

8.	 Pringsheim T, Jette N, Frolkis A, et al. The prevalence of 
Parkinson’s disease: a systematic review and meta-analysis. 
Mov Disord. 2014;29(13):1583-1590. 
doi:10.1002/mds.25945

9.	 Van Den Eeden SK, Tanner CM, Bernstein AL, et al. 
Incidence of Parkinson’s disease: variation by age, gender, 
and race/ethnicity. Am J Epidemiol. 2003;157(11):1015-
1022. doi:10.1093/aje/kwg068

10.	 GBD 2016 Parkinson’s Disease Collaborators. Global, 
regional, and national burden of Parkinson’s disease, 
1990-2016: a systematic analysis for the Global Burden of 
Disease Study 2016. Lancet Neurol. 2018;17(11):939-953. 
doi:10.1016/S1474-4422(18)30295-3

11.	 Marras C, Beck JC, Bower JH, et al.; on behalf of the 
Parkinson’s Foundation P4 Group. Prevalence of Parkinson’s 
disease across North America. NPJ Parkinsons Dis. 
2018;4:21. doi:10.1038/s41531-018-0058-0

12.	 Balestrino R, Martinez-Martin P. Reprint of 
“Neuropsychiatric symptoms, behavioural disorders, 
and quality of life in Parkinson’s disease”. J Neurol Sci. 
2017;374:3-8. doi:10.1016/j.jns.2017.01.026

13.	 Thach A, Jones E, Pappert E, Pike J, Wright J, Gillespie A. 
Real-world assessment of the impact of “OFF” episodes on 
health-related quality of life among patients with Parkinson’s 
disease in the United States. BMC Neurol. 2021;21(1):46. 
doi:10.1186/s12883-021-02074-2

14.	 Fox SH, Katzenschlager R, Lim S-Y, et al. International 
Parkinson and movement disorder society evidence-
based medicine review: update on treatments for the 
motor symptoms of Parkinson’s disease. Mov Disord. 
2018;33(8):1248-1266. doi:10.1002/mds.27372

15.	 Olanow CW, Kieburtz K, Rascol O, et al. Factors predictive 
of the development of Levodopa-induced dyskinesia 
and wearing-off in Parkinson’s disease. Mov Disord. 
2013;28(8):1064-1071. doi:10.1002/mds.25364

16.	 Ahlskog JE, Muenter MD. Frequency of levodopa-related 
dyskinesias and motor fluctuations as estimated from the 
cumulative literature. Mov Disord. 2001;16(3):448-458. 
doi:10.1002/mds.1090

17.	 Thanvi BR, Lo TC. Long term motor complications of 
levodopa: clinical features, mechanisms, and management 
strategies. Postgrad Med J. 2004;80(946):452-458. 
doi:10.1136/pgmj.2003.013912

18.	 Rizos A, Martinez-Martin P, Odin P, et al. Characterizing 
motor and non-motor aspects of early-morning off periods 
in Parkinson’s disease: an international multicenter study. 
Parkinsonism Relat Disord. 2014;20(11):1231-1235. 
doi:10.1016/j.parkreldis.2014.09.013

19.	 Abeynayake I, Tanner CM. The economic impact of OFF 
periods in Parkinson disease. Am J Manag Care. 2020;26(12 
Suppl):S265-S269. doi:10.37765/ajmc.2020.88518

20.	 Abeynayake I, Marinucci LN, Klingler M, Roberts H. Impact 
of OFF periods on aspects of employment for people with 
Parkinson’s disease. Parkinsonism Relat Disord. 2020;79(Suppl 
1):e89. doi:10.1016/j.parkreldis.2020.06.323

21.	 Abeynayake I, Klingler M, Roberts H. The financial burden 
of Parkinson’s disease is greater for caregivers of people 
experiencing OFF periods. Parkinsonism Relat Disord. 
2020;79(Suppl 1):e86. 
doi:10.1016/j.parkreldis.2020.06.313

22.	 DeMaagd G, Philip A. Parkinson’s disease and its 
management: part 4: treatment of motor complications. P 
T. 2015;40(11):747-773.

23.	 Armstrong MJ, Okun MS. Diagnosis and treatment of 
Parkinson disease: a review. JAMA. 2020;323(6):548-560. 
doi:10.1001/jama.2019.22360

24.	 APOKYN® (apomorphine hydrochloride injection). 
Prescribing information. Louisville, KY, USA: US 
WorldMeds, LLC; 2020. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2017/021264s014lbl.pdf. Published 
2004. Accessed March 3, 2021.

25.	 KYNMOBI® (apomorphine hydrochloride) sublingual film. 
Prescribing information. Marlborough, MA, USA: Sunovion 
Pharmaceuticals Inc.; 2020. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2020/210875lbl.pdf. Published 
2020. Accessed March 3, 2021.

26.	 INBRIJA® (levodopa inhalation powder). Prescribing 
information. Ardsley, NY, USA; Acorda Therapeutics, Inc; 
2020. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2018/209184s000lbl.pdf. Published 2018. Accessed 
March 3, 2021.

27.	 Yang W, Hamilton JL, Kopil C, et al. Current and projected 
future economic burden of Parkinson’s disease in the US. 
NPJ Parkinsons Dis. 2020;6:15. 
doi:10.1038/s41531-020-0117-1

28.	 Thach A, Jones E, Pappert E, Pike J, Wright J, Gillespie A. 
Real-world assessment of “OFF” episode-related healthcare 
resource utilization among patients with Parkinson’s disease 
in the United States. J Med Econ. 2021;24(1):540-549. 
doi:10.1080/13696998.2021.1913009

29.	 Findley LJ, Lees A, Apajasalo M, Pitkänen A, Turunen 
H. Cost-effectiveness of levodopa/carbidopa/entacapone 
(Stalevo) compared to standard care in UK Parkinson’s 



120 Thach A, et al.

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH

disease patients with wearing-off. Curr Med Res Opin. 
2005;21(7):1005-1014. doi:10.1185/030079905X49653

30.	 Olanow CW, Factor SA, Espay AJ, et al.; for the CTH-
300 Study investigators. Apomorphine sublingual film for 
off episodes in Parkinson’s disease: a randomised, double-
blind, placebo-controlled phase 3 study. Lancet Neurol. 
2020;19(2):135-144. 
doi:10.1016/S1474-4422(19)30396-5

31.	 Goetz CG, Poewe W, Rascol O, et al. Movement Disorder 
Society Task Force report on the Hoehn and Yahr 
staging scale: status and recommendations. Mov Disord. 
2004;19(9):1020-1028. doi:10.1002/mds.20213

32.	 United States Centers for Disease Control and Prevention. 
United States Life Tables. https://www.cdc.gov/nchs/
products/life_tables.htm. Accessed March 3, 2021.

33.	 LeWitt PA, Hauser RA, Grosset DG, et al. A randomized 
trial of inhaled levodopa (CVT-301) for motor fluctuations 
in Parkinson’s disease. Mov Disord. 2016;31(9):1356-1365. 
doi:10.1002/mds.26611

34.	 Pietzsch JB, Garner AM, Marks WJ Jr. Cost-effectiveness of 
deep brain stimulation for advanced Parkinson’s disease in 
the United States. Neuromodulation. 2016;19(7):689-697. 
doi:10.1111/ner.12474

35.	 Thach A, Zichlin ML, Kirson N, et al. Indirect comparison 
of apomorphine sublingual film versus levodopa inhalation 
powder for “OFF” episodes in Parkinson’s disease. Mov 
Disord. 2021;36(suppl 1):S197.

36.	 LeWitt PA, Hauser RA, Pahwa R, et al. Safety and efficacy of 
CVT-301 (levodopa inhalation powder) on motor function 
during off periods in patients with Parkinson’s disease: a 
randomised, double-blind, placebo-controlled phase 3 trial. 
Lancet Neurol. 2019;18(2):145-154. 
doi:10.1016/S1474-4422(18)30405-8

37.	 Dewey RB Jr, Hutton JT, LeWitt PA, Factor SA. A 
randomized, double-blind, placebo-controlled trial of 
subcutaneously injected apomorphine for parkinsonian 
off-state events. Arch Neurol. 2001;58(9):1385-1392. 
doi:10.1001/archneur.58.9.1385

38.	 Liou HH, Wu CY, Chiu YH, et al. Mortality of Parkinson’s 
disease by Hoehn-Yahr stage from community-based 
and clinic series [Keelung Community-based Integrated 
Screening (KCIS) no. 17)]. J Eval Clin Pract. 2009;15(4):587-
591. doi:10.1111/j.1365-2753.2008.01041.x

39.	 United States Bureau of Labor Statistics. Consumer Price 
Index (medical component). https://www.bls.gov/cpi/data.
htm. Published 2019. Accessed March 3, 2021.

40.	 Pfeiffer RF, Gutmann L, Hull KL Jr, et al.; the APO302 Study 
Investigators. Continued efficacy and safety of subcutaneous 
apomorphine in patients with advanced Parkinson’s 
disease. Parkinsonism Relat Disord. 2007;13(2):93-100. 
doi:10.1016/j.parkreldis.2006.06.012

41.	 Clinical Review Report: Apomorphine (Movapo): (Paladin 
Labs Inc.): Indication: The acute, intermittent treatment of 
hypomobility “off” episodes (“end-of-dose wearing off” and 

unpredictable “on/off” episodes) in patients with advanced 
Parkinson’s disease. Ottawa (ON): Canadian Agency for 
Drugs and Technologies in Health. In: CADTH Common 
Drug Review. https://www.ncbi.nlm.nih.gov/books/
NBK534020/. Published 2018. Accessed March 2, 2021.

42.	 IBM Micromedex. RED BOOK. http://www.
micromedexsolutions.com. Published 2019. Accessed 
January 11, 2018.

43.	 Palmer CS, Nuijten MJ, Schmier JK, Subedi P, Snyder 
EH. Cost effectiveness of treatment of Parkinson’s disease 
with entacapone in the United States. Pharmacoeconomics. 
2002;20(9):617-628. 
doi:10.2165/00019053-200220090-00005

44.	 United States Bureau of Labor Statistics. Employer costs for 
employee compensation. National Compensation Survey, 
March 2004-September 2018. https://www.bls.gov/ect/. 
Published 2019. Accessed March 2, 2021.

45.	 Lowin J, Bergman A, Chaudhuri KR, et al. A cost-
effectiveness analysis of levodopa/carbidopa intestinal gel 
compared to standard care in late stage Parkinson’s disease in 
the UK. J Med Econ. 2011;14(5):584-593. 
doi:10.3111/13696998.2011.598201

46.	 Dams J, Balzer-Geldsetzer M, Siebert U, et al. Cost-
effectiveness of neurostimulation in Parkinson’s disease with 
early motor complications. Mov Disord. 2016;31(8):1183-
1191. doi:10.1002/mds.26740

47.	 Dams J, Siebert U, Bornschein B, et al. Cost-effectiveness of 
deep brain stimulation in patients with Parkinson’s disease. 
Mov Disord. 2013;28(6):763-771. doi:10.1002/mds.25407

48.	 Eggington S, Valldeoriola F, Chaudhuri KR, Ashkan K, 
Annoni E, Deuschl G. The cost-effectiveness of deep brain 
stimulation in combination with best medical therapy, 
versus best medical therapy alone, in advanced Parkinson’s 
disease. J Neurol. 2014;261(1):106-116. 
doi:10.1007/s00415-013-7148-z

49.	 van Boven JFM, Novak A, Driessen MT, Boersma C, 
Boomsma MM, Postma MJ. Economic evaluation of 
ropinirole prolonged release for treatment of Parkinson’s 
disease in the Netherlands. Drugs Aging. 2014;31(3):193-
201. doi:10.1007/s40266-013-0150-4

50.	 Walter E, Odin P. Cost-effectiveness of continuous 
subcutaneous apomorphine in the treatment of Parkinson’s 
disease in the UK and Germany. J Med Econ. 2015;18(2):155-
165. doi:10.3111/13696998.2014.979937

51.	 Kalabina S, Belsey J, Pivonka D, Mohamed B, Thomas 
C, Paterson B. Cost-utility analysis of levodopa carbidopa 
intestinal gel (Duodopa) in the treatment of advanced 
Parkinson’s disease in patients in Scotland and Wales. J Med 
Econ. 2019;22(3):215-225. 
doi:10.1080/13696998.2018.1553179

52.	 Arias E, Heron M, Xu J. United States Life Tables, 2014. 
Natl Vital Stat Rep. 2017;66(4):1-64.


