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Abstract
Objectives

Motor fluctuations and non-motor disorders not manageable by first-line
treatments in advanced Parkinson's disease require continuous dopaminergic
stimulation strategies such as subcutaneous infusions of apomorphine (APO) or
foslevodopa/foscarbidopa (FLD/FCD). A Budget Impact Analysis (BIA) was
performed to estimate the cost difference between both treatments assuming

equivalent clinical efficacy and safety.
Material and methods

The efficacy results of pivotal clinical trials at 12 and 52 weeks of treatment and
the safety profile of APO vs FLD/FCD were compared, based on latest scientific
publications and other available clinical data. A comparative BIA was
performed, based on estimated annual drug treatment costs at Spanish published

prices.
Results

The efficacy of APO (16 h/day) and FLD/FCD (24 h/day) in reduction of OFF
hours (2.47 vs 2.75, 12 weeks; 3.66 vs 3.50, 52 weeks; respectively) and
increase of ON hours without disabling dyskinesias (2.77 vs 2.72, 12 weeks;
3.31 vs 3.80, 52 weeks; respectively) could be considered clinically equivalent,

as well as their safety profiles.

However, a significant discrepancy is observed in the costs of the
aforementioned alternatives. Considering published prices and the average dose
reported in the literature, in Spain the annual cost of APO would be €13,980
compared to €55,198 for FLD/FCD. Consequently, the financial resources
required for the treatment of FLD/FCD would enable the treatment of
approximately three to four patients with APO. The BIA indicated the potential

for annual savings in more than €2,500 million, considering a total target
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population of over 60,000 patients per year. Finally, an univariant sensitivity analysis was performed,
considering a scenario in which the hospital acquisition cost of FLD/FCD decreased between 20%-
30% (€44,159- €38,638/year). In this scenario, the total annual savings range between €1,875-€1,532

million per year.
Conclusions

Overall APO is more efficient than FLD/FCD, as it provides similar clinical efficacy at a lower treat-
ment cost. The selection of an appropriate treatment option is to be determined by clinical criteria and
patient characteristics, but cost evaluation should be considered to select the most cost-effective thera-

peutic option.
Introduction

Neurodegenerative diseases (ND) are significant causes of mortality and morbidity worldwide, espe-
cially in the elderly population. Among these, Parkinson’s disease (PD) is the second most common
ND after Alzheimer’s disease (AD)' and affects around 160,000 people in Spain®. As PD prevalence
increases with age, and given the growing life expectancy, the number of people affected by PD is
expected to rise substantially in the future®. In fact, within the ND considered in the Global Burden of
Disease, Injuries and Risk Factors Study, PD showed the fastest growth in terms of prevalence,

disability and deaths®.

The average age of onset is 60 years old and the mean duration of the disease from diagnosis to death
is 15 years'. PD is clinically defined by the presence of bradykinesia and other cardinal motor symp-
toms. However, most PD patients suffer from non-motor symptoms as well, which significantly con-
tribute to overall burden. Cognitive dysfunction, depression and autonomic failure are some of the

most common and relevant non-motor related problems’.

Oral dopaminergic replacement, including levodopa (LD) and/or other antiparkinsonian drugs, is con-
sidered the gold standard first line for the treatment of PD. However, as the disease progresses, plas-
ma bioavailability of oral antiparkinsonian drugs may be altered, which leads to an unpredictable re-
sponse to treatment. Consequently, motor and/or non-motor fluctuations may occur whereby patients
alternate between achieving adequate symptom control (“ON” time) or inadequate control (“OFF”
time). LD-related fluctuations in PD are associated with disease progression and non-physiological,
discontinuous, or pulsatile stimulation of striatal dopaminergic receptors; and may result in unwanted
motor symptoms known as dyskinesias®. At this time of the evolution of the disease, infusion therapies
become an alternative to oral medication for patients with advanced PD when symptoms are inade-
quately controlled, as recent European Academy of Neurology/Movement Disorder Society guidelines
indicate’.

In these cases, management of the disease requires the use of second-line therapies or Device-Aided
Therapies (DAT) such as apomorphine (APO) or foslevodopa/foscarbidopa (FLD/FCD) subcutaneous

infusions, among others.

PD, as the second most prevalent ND, leads to high health care costs in the Spanish population. The
severity of the disease and the degree of disability caused by both motor and non-motor symptoms
contribute significantly to an increase in health-related costs. In this context, the evaluation of the use
of advanced therapies in PD becomes critical®. Thus, the aim of this analysis was to assess the budget
impact considering the drug costs of APO compared to that of FLD/FCD in patients with advanced
stage of PD in Spain.
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Methods
Study design and model structure

A Budget Impact Analysis (BIA) is a type of economic evaluation to estimate the financial conse-
quences of adopting a new medicinal product versus the current treatment, showing potential costs or
savings for the healthcare system. Costs or savings depend not only on direct costs but also on the ex-

pected utilization and uptake of the new intervention.

For performing our BIA, a computer model was designed to assess treatment costs among PD patients
treated with APO compared to those treated with FLD/FCD. The base scenario included a three-year
time horizon where the payer’s perspective was considered (mainly cost for the Spanish National

Healthcare System -SNHS- and patients through minimum co-payment).

The number of patients with PD in Spain is estimated to be around 160,000% based on the data from
the Spanish Society of Neurology. To calculate the number of patients with advanced PD, the preva-
lence rate was taken from the PARADISE Study’, carried out between 2017 and 2019. The study esti-
mated a prevalence rate of 38.2%, based on data from patients treated in the SNHS. Therefore, our
model estimated that the target population for these treatments could reach between 61,000 - 62,000
patients in the next 3 years, according to the expected population increase in Spain'’(see Table 1). In
this model, we are assuming a theoretical scenario in which every advanced PD patient could be treat-
ed, among all available DAT, specifically with APO or FLD/FCD.

Table 1. Target population. APO: apomorphine; FLD/FCD: foslevodopa/foscarbidopa; PD: Parkinson’s disease.
Year 1 Year 2 Year 3

Total population of Spain"’ 47,795,625 48,186,421 48,574,152

No. of patients with PD* 160,000 161,308 162,606

% of advanced PD patients’ 38% 38% 38%

APO and FLD/FCD target population 61,136 61,636 62,132

The model has been designed as a virtual calculator which includes several variables, such as the num-
ber of patients and their daily dose in miligrams (mg) or mililiters (ml); the number of infusion units
per year; the number of packages per year; the package Public Price (VAT — Value Added Tax- includ-
ed) for APO, or the package hospital acquisition cost for FLD/FCD at EX-Factory (EXF) price; and

finally, the annual cost in euros for each treatment option.
Clinical comparison between APO and FLD/FCD

In order to ensure clinical consistency in the comparative analysis of the cost of the two therapies, a
comprehensive comparison of the profiles of the patients included in the pivotal clinical trials was con-
ducted'""?. These patients were deemed to be clinically equivalent with respect to the most significant
parameters, including age, time since diagnosis of PD, number of daily OFF hours, number of daily ON

hours without disabling dyskinesias, and daily dose in LD equivalents (see Table 2). Since these pa-
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Table 2. Comparison of the profile of PD patients included in the clinical trials. PD: Parkinson’s disease.
APO (n=53)" FLD/FCD (n=74)"

Age (years) 63.6 66.3

Males (%) 64 68

Time since diagnosis of PD (years) 11.80 8.38

Daily OFF time (hours) 6.69 6.34

Daily ON time without disabling dyskinesias (hours) 8.52 9.20

Levodopa daily dose (mg) 920 1,050

tients were treated with APO or FLD/FCD in their respective (and different) clinical trials, a statistical

comparison of sample sizes was not appropriate.

In terms of clinical comparison, although there is lack of direct comparative trials of the clinical out-
comes of APO over those of FLD/FCD, both have shown satisfactory efficacy and safety results in

their respective published pivotal randomized, double-blind, controlled clinical trials.

The efficacy of APO (16 h/day perfusion) and FLD/FCD (24 h/day perfusion) in reducing hours of
OFF time (2.47"" vs 2.75'%, 12 weeks; 3.66' vs 3.50", 52 weeks; respectively) and increasing hours of
ON time without disabling dyskinesias (2.77"" vs 2.72'% 12 weeks; 3.31" vs 3.80", 52 weeks; respec-

tively) could be considered clinically equivalent (see Table 3).

Table 3. Comparison of efficacy between APO and FLD/FCD. APO: apomorphine,; CD: carbidopa; LFD/FCD: foslevo-
dopa/foscarbidopa; LD: levodopa.
12 weeks 52 weeks
FLD/FCD
APO (n=53)" FLD/FCD (n=74)"> | APO (n=84)"
(n=244)"
Daily treatment time (hours) | 16 24 16 24
2.75; (oral LD/CD:
Daily OFF decrease (hours) | 2.47; (placebo: 0.58) 3.66 3.50
0.96)
. . . 2.72; (oral LD/CD:
Daily ON increase without . . i
disabling dyskinesias (hours) 2.77; (placebo: 0.80) 0.97) 3.31 3.80
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Table 4. Comparison of safety between APO and FLD/FCD. APO: apomorphine; FLD/FCD: foslevodopa/forcarbidopa.

12 weeks 52 weeks

FLD/FCD
APO (n=53)"! FLD/FCD (n=74)"> | APO (n=84)"
(n=244)"

Patients with at least one

93 85 98.8 943
adverse effect (%)
Patients with severe/serious

24 17 25.0 51.6
adverse events (%)
Patients withdrawing due to

11 22 16.7 26.2
adverse effects (%)
Skin nodules at infusion site

44 8 54.8 28.7
(%)
Infusion site erythema (%) 17 27 13 52
Hallucinations (%) 2/53=3.8 11/74=15 NR 42/244=17.2
NR: not reported (only adverse events leading to study discontinuation or with > 10% frequency were included)

In terms of safety (see Table 4), we observed some differences in favour of APO in terms of incidence
of severe/serious adverse effects at 52 weeks, treatment withdrawals due to adverse effects at 12 and 52
weeks, infusion site erythema, and hallucinations; and favourable to FLD/FCD in terms of skin nodules

at infusion site.
Posology

The requested dose of APO infusion may vary depending on the needs of each patient. According to
the APO Summary of Product Characteristics (SPC)'°, the dosage of APO is based on the number of
mg per hour that should be continuously infused to achieve the optimal clinical response. Therefore,
the infusion should provide a specific number of mg per day of APO, depending on the perfusion flow
rate, which is expressed in mg per hour, and the number of hours per day of perfusion. In the case of
FLD/FCD, however, it is administered as a continuous subcutaneous infusion with no overnight-pause
intervals, so a 24-hour period has been considered to estimate the daily dose for patients receiving this
alternative. According to the FLD/FCD SPC'®, the dosage is derived from the estimation of the equiva-
lent dose of LD in mg, which needs to be converted to the infusion flow rate of FLD/FCD to optimize
the clinical response, expressed as ml of solution per hour. Consequently, the perfusion provides a pre-

determined volume of solution for FLD/FCD infusion over the course of 24 hours.

Results
Base case and scenario analysis

According to the available literature'', the average daily dosage of APO is 4.68 mg per hour, which at a
daily perfusion rate of 16 hours, equates to an average daily dosage of 74.88 mg per day. From a pay-
er’s perspective, we have to consider that in Spain APO is a pharmaceutical product that is dispensed
through retail pharmacy as for Public Price (VAT included). Since the Public Price (VAT included) of
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a package of APO with 5 infusion units (100 mg of apomorphine per infusion unit) is €255.75", the
average annual cost (365 days) would be €13,980 €. Additionally, considering that the lowest dosage in
APO’s SPC" is 1 mg/hour, the total annual treatment cost would be €2,987. Conversely, the highest
annual treatment cost is calculated according to a maximum dosage of 100 mg/day. In this case, the

total annual treatment cost would amount to €18,670.

For FLD/FCD, we have taken the EXF price (VAT included), as the product is dispensed through the
hospital. Based on data available in published literature', the average dose of FLD/FCD is 1,621.90
mg of LD equivalents. According to FLD/FCD SPC'®, this dose equates to an infusion flow rate of 0.55

ml/h, resulting in a daily administration of 13.2 ml of infusion solution.

The average annual cost of treatment at an EXF price (VAT included) of €801.96 per pack with 7 infu-
sion units (2,400 mg foslevodopa and 120 mg foscarbidopa per infusion unit)'” results in a total annual
cost of €55,198. Moreover, considering that the lowest dosage is 0.15 ml/hour at 24 hour of infusion,
the total annual treatment cost would be €15,054. Conversely, the highest annual treatment cost is cal-
culated according to a maximum dosage of 1.04 ml/h. In this case, the total annual treatment cost
would amount to €104,374 €.

Budget Impact Analysis (BIA)

Table 5. Budget Impact: APO vs FLD/FCD. APO: apomorphine; FLD/FCD: foslevodopa/forcarbidopa.

Year 1 Year 2 Year 3

APO FLD/FCD APO FLD/FCD APO FLD/FCD
Number of patients

61,136 61,636 62,132
(n)
Cost of treatment

€13,980 €55,198 €13,980 €55,198 €13,980 €55,198
(euros)
Total cost (million

€855 €3,375 €862 €3,402 €869 €3,430
euros)
Savings (million

€2,520 €2,540 €2,561
euros)

In our BIAmodel, we have just considered the drug cost and 100% uptake of the new intervention FLD/
FCD versus APO. In this sense, our BIA shows that switching the treatment of advanced PD patients
from FLD/FCD to APO would generate total savings of more than €2,500 million per year, as the cost
of treatment with FLD/FCD is nearly 4 times more expensive than APO (€55,198 vs €13,980). Apply-
ing this impact at an individual level, switching treatments from FLD/FCD to APO would mean an

additional annual saving of €41.218 per patient. See Table 5 for full results.
Sensitivity analysis

Univariant sensitivity analysis has been performed to determine the robustness of the results of this

model. Minimum, maximum, and average annual costs have been considered for both treatments.
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Figure 1. Sensitivity analysis and annual costs for APO and FLD/FCD. APO: apomorphine; FLD/FCD:
foslevodopa/forcarbidopa.

Furthermore, a hypothetical scenario has been explored in which the Net Selling Price (NSP) of the
hospital drug (FLD/FCD) is set at 20 — 30% below the current official list price. In the base case, the
annual treatment cost will range from €15,054 — 104,374 (average €55,198). In the event of a 20% re-
duction in the EXF price, the annual cost of treatment for FLD/FCD would range from €12,043 to
€83,501 (average cost €44,159), whereas a further 30% reduction in the EXF price would result in an-
nual treatment costs for FLD/FCD ranging from €10,538 to €73,062 (average cost €38,638). As illus-
trated in Figure 1, the financial burden of treatment varies according to the specific scenario under con-

sideration.
Discussion

According to our model, treating patients with advanced PD with APO is a cost-efficient strategy, as
SNHS could save and average amount of €42,218 per patient/year considering the administration of
APO instead of FLD/FCD and potential annual savings of more than €2,500 million. In the scenario
that price reductions of 20% / 30% were applied over current EXF price of FLD/FCD, savings will be
of €30,179 / €24,658 per patient/year, respectively. In these scenarios, the total annual savings will

range between €1,875-€1,532 million per year.
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It is noteworthy that a post-hoc analysis of data from APO pivotal clinical trials was conducted along
with an analysis of real-world experience from 13 movement disorders specialists using a questionnaire
that focused on starting patients on APO infusion. The specifications of the clinical trial protocols lim-
ited individual decision making, as centres were not allowed to proceed with dose adjustments after the
first four weeks of double-blind treatment. Nevertheless, real-world data reported that a stable dose of

APO was achieved in most patients within 3 weeks'®.

APO remains the only drug with efficacy comparable to that of LD. In a crossover open-label study, no
difference was observed between APO and LD in all outcome variables, including hand tapping scores,
walking time, severity of tremor, dyskinesia score, and a PD disability scale. This study demonstrated
for the first time that APO shows the same efficacy on motor symptoms compared with LD, but with a

significantly faster onset effect'”.

Although data are available to support the efficacy and safety of both APO and FLD/FCD, not all sci-
entific societies or regulatory organizations position them equally. In fact, according to the National
Institute of Health Care and Excellence (NICE) of United Kingdom (UK) latest guidelines, and in line
with the conclusions of our study, FLD/FCD is recommended only when available medicines for ad-
vanced PD are not working well enough, patients cannot be treated with APO or deep brain stimulation
(DBS), or if these treatments no longer control symptoms’. Similar conclusions have been reached by
the Haute Autorité de Santé (HAS) in France®'.

In Spain, despite the efficacy of APO and FLD/FCD, which could be considered clinically equivalent
in terms of reduction in hours of OFF time (2.47 vs 2.75, 12 weeks; 3.66 vs 3.50, 52 weeks; respective-
ly) and increase in hours of ON time without disabling dyskinesias (2.77 vs 2.72, 12 weeks; 3.31 vs

3.80, 52 weeks; respectively), treatment-costs show significant differences.

A comparative analysis of the safety data published from the pivotal clinical trials, considered compa-
rable in terms of patients” profile, primary endpoints, and other clinically relevant parameters, reveals
differences that could be significantly favourable to APO in terms of reduced incidences of severe/
serious long-term adverse effects, treatment withdrawal due to adverse effects, infusion site erythema,

and hallucinations.

Conversely, according to the published data, FLD/FCD had a lower incidence of skin nodules at infu-
sion site. Anyway, it is noteworthy that the skin nodules incidence related to APO treatment has been
significantly reduced in recent years in routine clinical practice due to the adoption of minimally inva-

sive Teflon needles®.

Moreover, the apparent lower incidence of hallucinations associated with APO is of outstanding clini-
cal relevance. This finding has been postulated to be due to the pharmacological profile of APO as an-
tagonist of the serotonergic 5-HT2A receptor, pointed in a real-world data comparative study>. This
study compared APO with intrajejunal LD/CD infusion (IJLI) and deep brain stimulation of the subtha-
lamic nucleus (STN-DBS). The results showed that APO reduced the perceptual disorders/
hallucinations domain of the NMSS (Non-Motor Symptom Scale) to a greater extent than the other two
advanced therapies (relative change was -50.9, -34.6 and -55.5 for IJLI, STN-DBS and APO, respec-
tively)®. In this regard, it is also noteworthy that APO is a dopaminergic agonist with very low affinity
for the dopaminergic D3 receptor, which has been associated with a lower risk of developing impulse

control disorders**%.

A comparative study was published in 2020 to analyse the costs of DBS, 1JLI, and APO. The method-

ology used was based on real-world data obtained from an integrated healthcare organization in the
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Basque Country (Spain) from 2016 to 2018. The study showed the annual cost over 3 years and the
projected cost for 2 additional years. The total cost for 5 years’ treatment was €53,217 for DBS,
€208,163 for IJLI, and €170,591 for APO, which revealed a considerable higher cost for LD/CD, com-
pared to APO*®. Moreover, although DBS seemed to be the most affordable among the three alterna-
tives, a S-year prospective clinical comparative study between DBS and APO reported a worsening of

the Neuropsychiatric Inventory Questionnaire in the DBS group but not in the APO group?’.

As a chronic progressive disease in which most patients reach an advanced stage after 7 to 10 years

from diagnosis’, PD has a great impact on patients” and caregivers’ lives. PD caused more than 200,000
deaths and 3,2 million disability-adjusted life-years (DALY's) worldwide in 2016, and more than 4,000
deaths and 54,175 DALYSs in Spain4. Moreover, it also involves a substantial social burden and entails
an important economic impact. According to data from Parkinson's Survey Observing the Quality of
Care (EPOCA) Study conducted in Spain, more than half of the patients are diagnosed of PD between 1

-5 years after the first symptom, which means a considerable delay®. These data even further emphasize
the importance of having cost-effective therapies for patients in advanced stages, as many of them are

diagnosed after having already gone through the early stages of the disease.

According to a survey carried out among neurologists attending PD patients in Catalonia area (Spain),
70% stated that they had some limitation for the implementation of second-line therapies, and the main
cause were the lack of resources at their hospital centre (38.1%). Lack of knowledge about second-line
therapies or existing circuits for this purpose were also mentioned, among others. Only 7.1% and 2.4%
of the neurologists considered the following as limitations to establish second-line therapies: possible

side effects or low therapeutic benefit, respectively?®.

Finally, it is also noteworthy that a recently published indirect treatment comparison and cost-
minimisation analysis conducted from a UK healthcare payer’s perspective has reached similar conclu-
sions to ours in terms of comparative efficacy and safety, as well as cost savings of medication, be-
tween APO and FLD/FCD treatments®.

All these previous investigations highlight the importance of access to second-line therapies and the
need for affordable treatments for PD patients in Spanish hospitals, in which cost-effectiveness treat-

ments could significantly increase the number of patients benefited from advanced therapies.

This model presents some limitations. The clinical data used to populate the model have been extracted
from the literature with different timelines and methodologies and not from real-word studies. Further-
more, the costs used in the model are those available at public databases and may not reflect the real
clinical practice or may suffer changes in the future. Moreover, this model does not consider adjuvant
medication costs in advanced PD such as levodopa, catechol-O-methyl-transferase inhibitors (iCOMT),
monoamine oxidase inhibitors (IMAO), or amantadine, among others; healthcare costs; nor indirect
costs; so the indirect savings that APO or FLD/FCD could have achieved in terms of productivity loss

may not be reflected in the current results.
Conclusion

Overall, our APO or FLD/FCD medication cost model suggests that APO can be more efficient than
FLD/FCD in the treatment of advanced Parkison’s disease from the payer’s perspective of SNHS since
treating patients with APO would lead to considerable treatment savings. This goes in line with the
recommendations from the guidelines on pharmacological efficiency, recently published by NICE* or
other similar studies”. Although the selection of an appropriate treatment option is mainly to be deter-

mined by clinical criteria and patient characteristics, the fact that APO is more affordable than FLD/
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FCD should be considered for a wise choice of treatment.
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