
Vol.:(0123456789)

PharmacoEconomics 
https://doi.org/10.1007/s40273-022-01132-y

ORIGINAL RESEARCH ARTICLE

The Cost Effectiveness of Levodopa‑Carbidopa Intestinal Gel 
in the Treatment of Advanced Parkinson’s Disease in England

K. Ray Chaudhuri1 · A. Simon Pickard2 · Ali Alobaidi2,3 · Yash J. Jalundhwala3 · Prasanna L. Kandukuri3 · 
Yanjun Bao3 · Julia Sus4 · Glynn Jones4 · Christian Ridley4 · Julia Oddsdottir5 · Seyavash Najle‑Rahim5 · 
Matthew Madin‑Warburton5 · Weiwei Xu6 · Anette Schrag7

Accepted: 23 January 2022 
© The Author(s) 2022

Abstract
Background Parkinson’s disease is a progressive neurodegenerative disease, which significantly impacts patients’ quality of 
life and is associated with high treatment and direct healthcare costs. In England, levodopa/carbidopa intestinal gel (LCIG) is 
indicated for the treatment of levodopa-responsive advanced Parkinson’s disease with troublesome motor fluctuations when 
available combinations of medicinal products are unsatisfactory.
Objective We aimed to determine the cost effectiveness of LCIG compared to the standard of care for patients with advanced 
Parkinson’s disease in England, using real-world data.
Methods A Markov model was adapted from previous published studies, using the perspective of the English National 
Health System and Personal and Social Services to evaluate the cost effectiveness of LCIG compared to standard of care in 
patients with advanced Parkinson’s disease over a 20-year time horizon. The model comprised 25 health states, defined by a 
combination of the Hoehn and Yahr scale, and waking time spent in OFF-time. The base case considered an initial cohort of 
patients with an Hoehn and Yahr score of ≥ 3, and > 4 h OFF-time. Standard of care comprised standard oral therapies, and 
a proportion of patients were assumed to be treated with subcutaneous apomorphine infusion or injection in addition to oral 
therapies. Efficacy inputs were based on LCIG clinical trials where possible. Resource use and utility values were based on 
results of a large-scale observational study, and costs were derived from the latest published UK data, valued at 2017 prices. 
The EuroQol five-dimensions-3-level (EQ-5D-3L) instrument was used to measure utilities. Costs and quality-adjusted life-
years were discounted at 3.5%. Both deterministic and probabilistic sensitivity analyses were conducted.
Results Total costs and quality-adjusted life-years gained for LCIG vs standard of care were £586,832 vs £554,022, and 
2.82 vs 1.43, respectively. The incremental cost-effectiveness ratio for LCIG compared to standard of care was £23,649/
quality-adjusted life-year. Results were sensitive to the healthcare resource utilisation based on real-world data, and long-
term efficacy of LCIG.
Conclusions The base-case incremental cost-effectiveness ratio was estimated to be within the acceptable thresholds for cost 
effectiveness considered for England.
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1 Introduction

Parkinson’s disease (PD) is a chronic progressive neurode-
generative disease that manifests as bradykinesia, tremor, 
rigidity and postural instability, thereby affecting patients’ 
daily life activities [1, 2]. Although primarily considered 
a movement disorder, PD is associated with non-motor 

symptoms such as autonomic dysfunction, sleep disorders, 
cognitive decline and sensory abnormalities such as anos-
mia, vision problems and pain [3]. Age is a major risk factor 
for PD, which affects approximately 1% of the population 
aged over 60 years, with a continual increase in prevalence 
with advancing age [4, 5]. The global burden of PD has 
increased over the past decades [6]. According to an analysis 
using the Clinical Practice Research Datalink, the estimated 
prevalence of PD in the general population aged 45 years 
or over in the UK in 2018 was 18,641 [7]. Moreover, PD 
imposes a significant economic burden on the healthcare 
system owing to the associated medical costs that increase 
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Key Points for Decision Makers 

Advanced Parkinson’s disease poses a significant burden 
on patients and the National Health System owing to 
decreased quality of life, substantial economic burden 
and limited treatment options.

The economic evaluation adresses several points of 
critique from health technology assessment bodies on 
previous economic evaluations in advanced Parkinson’s 
disease, and applies data from a recent, large, real-world 
dataset.

Our analysis suggests that levodopa/carbidopa intestinal 
gel is likely to be a cost-effective option for patients who 
are unsuitable for, or have not responded to, other treat-
ment options. Levodopa/carbidopa intestinal gel is asso-
ciated with increased costs and gains in quality-adjusted 
life years, compared to standard of care (which includes 
oral treatments and/or treatment with apomorphine), 
resulting an an incremental cost-effectiveness ratio of 
£23,649/quality-adjusted life-year. Uncertainties due to 
limited data availability in advanced Parkinson’s disease 
have been accounted for in sensitivity analyses.

intestinal gel (LCIG) [13, 17, 22]. However, patients who are 
over 70 years of age, cognitively impaired or have dyspha-
gia are not considered suitable for DBS surgery [28]. Apo-
morphine is a dopamine agonist, considered as an abridged 
or rescue therapy, and can be associated with troublesome 
side effects such that it is not suitable for all patients [29]. 
Although used in clinical practice in England [13], its avail-
ability and usage vary between countries. Patients who are 
unsuitable or have failed apomorphine infusion or DBS sur-
gery thus have limited treatment options.

Levodopa/carbidopa intestinal gel includes a combination 
of levodopa and carbidopa for continuous intestinal infu-
sion in patients with aPD who are unresponsive to available 
combinations of pharmacological treatments [30]. Treatment 
is administered directly into the duodenum or upper jeju-
num by a nasogastric or percutaneous endoscopic gastros-
tomy tube with a portable infusion pump [30]. Levodopa/
carbidopa intestinal gel is licensed in Europe for the treat-
ment of levodopa-responsive aPD in individuals experienc-
ing severe motor fluctuations and hyper-/dyskinesia [30], 
and was recommended for routine commissioning by the 
National Health Service (NHS) England in 2015 [31]. In 
England, LCIG is licensed for the treatment of advanced 
levodopa-responsive PD with severe motor fluctuations and 
hyper/dyskinesia when available combinations of medicinal 
products are unsatisfactory [32].

In an RCT comparing LCIG and oral immediate-release 
levodopa among patients with aPD, LCIG significantly 
reduced OFF-time compared with oral levodopa, and addi-
tionally increased ON-time without dyskinesia during the 
day [33]. Other recent clinical studies on the safety and effi-
cacy of LCIG in aPD showed a significant reduction in OFF-
time and an improvement in motor fluctuations, non-motor 
symptoms and consequently, an improvement in patients’ 
quality of life [34–39]. Findings from long-term studies 
show that the benefit of LCIG in reducing OFF-time is main-
tained over 5 years, at least [34–36, 40–42]. The economic 
analysis presented in this study was aligned with a 12-month 
open-label study of LCIG in patients with aPD and severe 
motor fluctuations (NCT00335153) [36].

Previous economic evaluations have analysed the cost 
effectiveness of LCIG with standard of care (SoC) [i.e., oral 
therapy with or without subcutaneous apomorphine infu-
sion, and standard follow-up visits] in patients with aPD 
[20–23, 43]. These evaluations have been reviewed by vari-
ous health technology assessment bodies and several areas 
for improvement have been highlighted, namely, the meth-
odology used for calculating key inputs such as discontinu-
ation rates and health-state transitions, and the lack of avail-
able data sources. For these reasons, an updated model is 
warranted.

This study aims to explore the cost effectiveness of LCIG 
relative to SoC in patients with aPD from NHS England and 

with disease severity [2, 8–10]. A cost analysis of PD in the 
UK found that mean costs attributable to PD rose steadily in 
the years following diagnosis, and were substantially higher 
for patients with indicators of advanced PD (aPD) [11].

The treatment of PD focuses on symptomatic manage-
ment by dopamine replacement, owing to the absence of 
disease-modifying treatments [12–14]. Oral levodopa is the 
most effective and widely used treatment in early PD, and is 
combined with a dopa-decarboxylase inhibitor, carbidopa, to 
prevent the peripheral conversion of levodopa to dopamine 
[14, 15]. Advanced PD, or complex PD [16], is character-
ised by a narrowing therapeutic window and delayed gastric 
emptying, resulting in an unpredictable clinical response that 
presents with motor complications in a patient and increas-
ing OFF-time (expressed as a proportion of the waking day 
when a patient experiences a loss of treatment effect) [17]. 
However, there is a lack of global consensus on the defini-
tion of aPD, with a number of indicators proposed, which 
may result in heterogeneity in care [18, 19]. Previous eco-
nomic evaluations have used a combination of OFF-time, 
and the Hoehn and Yahr (HY) scale, which categorises PD 
according to five clinical stages based on the progression of 
motor symptoms [20–27].

Current management of aPD involves device-aided treat-
ments such as subcutaneous apomorphine infusion, and deep 
brain stimulation (DBS) surgery, and levodopa/carbidopa 
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Personal and Social Services perspective, with an updated 
modelling approach consistent with the National Institute for 
Health and Care and Excellence (NICE) Decision Support 
Unit documents [44], and using a recent real-world dataset 
to inform cost and utility inputs.

2  Methodology

2.1  Population

Patient-level data from NCT00335153 were used to define 
the baseline distribution of patients according to age, sex and 
disease severity. A brief description of this trial is provided 
in the Electronic Supplementary Material (ESM). The trial 
eligibility criteria included severe motor fluctuations defined 
as ≥ 3 h of daily OFF-time, resulting in patients with 6.75 
± 2.35 (mean ± standard deviation) OFF-time in hours/day 
at baseline (N = 354) [36]. In compliance with the licensed 
indication for LCIG, the cost-effectiveness model population 
included patients with aPD and severe motor fluctuations, 
defined on the HY scale as HY ≥ 3 and OFF-time defined as 
> 4 h, or > 25% of a 16-h waking day [30]. The model inputs 
were based on the subgroup that meets these criteria, and 
had complete follow-up data (N = 196). The average age of 
LCIG cohort was 64 years and 59% of the cohort were male 
[36]. For the SoC arm, a hypothetical cohort was created to 
mirror the baseline LCIG cohort.

2.2  Comparator

In line with the current policy in England [32], patients who 
are suitable for LCIG treatment have not responded to or 
are inappropriate candidates for apomorphine infusion and 
DBS treatment. These patients are left with three options: 
reverting back to treatment with oral medications only, retry-
ing apomorphine or initiating LCIG treatment. The model 
therefore compared LCIG with SoC, which includes oral 
PD medications with or without subcutaneous apomorphine 
infusion/injection [20]. Full details of the SoC medications 
included in the analysis are provided in the ESM.

2.3  Model Structure

A Markov model was developed, using NHS England 
and Personal and Social Services perspectives (Fig. 1), to 
determine the average costs, life-years (LYs), and quality-
adjusted life years (QALYs) per patient associated with aPD, 
and thereby calculate the incremental cost-effectiveness 
ratio (ICER). The model structure was based on a previ-
ous model by Lowin et al., exploring the cost effectiveness 
of LCIG in an Irish setting [22]. The model redistributed 

the population into 25 combinations of disease-specific 
health states, comprising stages 1–5 of the HY scale and 
the amount of OFF-time experienced (assuming a 16-h wak-
ing day: OFF 0 = 0%, OFF I = 1–25%, OFF II = 26–50%, 
OFF III = 51–75%, OFF IV = 76–100%), and a death state. 
Patients were followed over a time horizon of 20 years, using 
6-monthly cycles (including half-cycle correction). A dis-
count rate of 3.5% was applied to costs and effects, in line 
with the NICE methods guide [45]. Patients receiving LCIG 
could experience improvement due to their treatment dur-
ing the initial 12-month period, based on clinical trial data, 
but thereafter, they could only move to a more severe HY/
OFF stage as LCIG is not disease modifying. Patients in 
the most severe state (HY5/OFFIV) at the end of the trial 
period were assumed to discontinue LCIG treatment. For all 
cycles, patients receiving SoC could transit to a more severe 
HY/OFF stage or remain in the current health state, as they 
did not experience any improvement over the course of the 
model horizon. This assumption was based on the license 
of LCIG as a treatment for patients who derive no clinical 
benefit from SoC medications [30, 32].

2.4  Clinical Inputs

2.4.1  Health‑State Transitions

The initial treatment effect on improving HY stage and 
OFF time for patients receiving LCIG was estimated based 
on the advanced patient distribution to health state in trial 
NCT00335153 at baseline, 24 weeks (6 months), and 54 
weeks (used for model input at 12 months) [36]. These esti-
mates are based on patients with advanced disease at base-
line (N = 196) with severe motor fluctuations (defined as HY 
≥3 and OFF >25%). This is summarised in Table 1.

Following initial treatment, patients in the LCIG cohort 
move through the Markov model based on the HY transi-
tion probabilities (natural disease progression). The model 
incorporated the long-term benefit of LCIG treatment as 
reduced OFF-state progression, by estimating the relative 
risk of OFF progression for the LCIG cohort compared to 
the SoC cohort. This was calculated as 0.53 based on clini-
cal data by calculating the ratio between the mean decreased 
OFF-time per day in the LCIG arm and the oral SoC arm at 
12 weeks [33]. The assumption that the OFF-time benefit 
for LCIG is sustained over time is supported by clinical 
studies, which show sustained efficacy over 5 years, at least 
[34–36, 40–42].

Transition probabilities (i.e. natural disease progression) 
were applied from cycle 3 in the LCIG cohort and from 
cycle 1 in the SoC cohort. The HY-stage transition prob-
abilities were obtained from a literature review of transition 
times, which were converted to per cycle probabilities [46]. 
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The transition probabilities for OFF stages were estimated 
through weighted linear regression of results from published 
studies [47, 48]. Transitions probabilities for HY stages and 
OFF stages were assumed to be independent of each other.

2.4.2  Safety Data and Discontinuation

Device-specific adverse events associated with LCIG were 
included in the model based on clinical studies [34, 36]. 
Adverse events leading to tube replacement or repositioning 
were included (12.7% and 14.39% for the first two cycles, 
11.9% and 16.4% for the subsequent cycles, for adverse 
events with and without surgery, respectively). For the initial 
12 months, the discontinuation rate was estimated based on 
trial NCT00335153, resulting in a rate of 6.8% per 6-month 
cycle [36]. For the subsequent cycles, a long-term discon-
tinuation rate of 3.5% per cycle was applied [34].

2.4.3  Mortality

Mortality was accounted for using all-cause mortality [49]. 
The model applied a mortality adjustment based on HY 
stage. Hazard ratios were based on published literature (haz-
ard ratios: HY1–HY3 = 1.18, HY4 = 2.37, HY5 = 3.34) 
[46]. No additional mortality associated with OFF-time was 
incorporated.

2.5  Resource Use and Costing

2.5.1  Medication Costs and Associated Administrative 
Costs

Medication use for SoC and concomitant oral medication 
for patients receiving LCIG were obtained from the Adel-
phi Real-World Parkinson’s Disease Specific Programme 
(Adelphi-DSP) 2019 dataset [50]. Adelphi-DSP was a cross-
sectional survey of physicians and patients in a real-world 
clinical setting. The Adelphi-DSP was conducted in seven 
countries (France, Germany, Italy, Japan, Spain, the UK and 
the USA) between 2017 and 2020. The DSP methodology 
has been previously published and validated [51]. Partici-
pating physicians completed a record form for the next 12 
months consecutively for consulting patients meeting the 
eligibility criteria; the physician-reported questionnaire 
form contained questions on patients’ demographics, clinical 
assessments, clinical outcomes, medication use and history, 
healthcare resource utilisation and concomitant conditions. 
Each patient for whom the physician completed a form was 
then invited to complete a patient-reported questionnaire, 
which recorded demographics, current condition, level of 
satisfaction with their treatment and quality of life. If the 
patient had a caregiver, they were also invited to complete a 
form, reporting on demographics and burden of care.

Fig. 1  Schematic of possible 
health states and transitions in 
the advanced Parkinson’s dis-
ease cost-effectiveness model. 
HY Hoehn and Yahr
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The average daily doses of SoC medications as observed 
for UK patients (N = 856) in Adelphi-DSP were used to cal-
culate an average cost per patient, sourced from the Monthly 
Index of Medical Specialties 2020 [50, 52], using the low-
est price available for each formulation. Medication costs 
were further split by regimes containing apomorphine, and 
those taking oral medications only, estimating a proportion 
of patients on SoC treated with apomorphine. The model 
applied the list price of an LCIG cassette from the Monthly 
Index of Medical Specialties [52]. While all other costs in 
this analysis reflect the 2017 valuation year, the medication 
costs are valued at 2019 prices as they were sourced from 
the Monthly Index of Medical Specialties [52] (in the first 
quarter of 2020), which is published monthly.

Other costs associated with LCIG treatment included 
start-up costs, such as nasogastric and percutaneous endo-
scopic gastrostomy tube insertion, titration and monitoring, 
as well as the cost of device-specific adverse events and dis-
continuing treatment, in line with Lowin et al. [21]. Costs 
of healthcare services were obtained from the latest version 
(2017–18) of the NHS reference costs at the time of writing 
[53]. These costs reflect the 2017 valuation year. Resource 
use and cost inputs are summarised in Table 2. Full details 
of concomitant medications are provided in the ESM.

2.5.2  Costs Associated with Health States

Based on the Adelphi-DSP 2019 dataset, a series of regres-
sions were conducted to inform the costs associated with 
the health states, by exploring the relationship between HY 
stage, OFF time and healthcare costs. The unit costs applied 
in the regressions were sourced from NHS and Personal 
Social Services Research Unit costs [53, 54]. These unit 
costs reflected the 2017 valuation year. Health-state-related 
costs included direct medical costs (i.e. hospitalisations, 
emergency room visits, consultations) and direct non-med-
ical costs (i.e. professional caregiver, respite care). Respite 
care costs inputs were based on HY stage only, owing to a 
paucity of data.

The costs regressions were performed to account for data 
paucity, particularly in the more severe OFF states (≥ OFF 
II), in the Adelphi-DSP 2019 UK dataset. The cost regres-
sions were conducted by exploring several generalised linear 
models. The best-fitting model was chosen primarily based 
on the Akaike information criterion, and the significance of 
the coefficients corresponding to HY stage and OFF-time 
was also considered. Because of a large proportion of zero 
observations (i.e. no cost observed or reported for the patient 
during the 12 month study) for most variables considered, 
except consultations, a two-part regression model using a 
probit model was applied in combination with the gener-
alised linear model to estimate the probability of incurring 
costs, as well as the mean positive expenditure. Because of Ta
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data paucity, not all resulting model parameters were sig-
nificant. Therefore, exploratory analyses were conducted by 
applying the regressions to different datasets (the combined 
Adelphi-DSP 2019 and 2012 UK data, the 2019 EU5 data 

and the 2019 G7 data) [50, 55]; dataset descriptions are pro-
vided in the ESM. However these additional analyses did 
not impact the significance of the estimated parameters, but 
resulted in different estimates, and additionally, were less 

Table 2  Resource use and cost inputs for patients treated with LCIG and SoC

COMT catechol-o-methyl transferase, DSP disease-specific programme, LCIG levodopa-carbidopa intestinal gel, MIMS Monthly Index of Medi-
cal Specialties, NG nasogastric, PD Parkinson’s disease, PEG percutaneous endoscopic gastrostomy

Healthcare services Resource use Cost (£) Source

LCIG SoC LCIG SoC

Medication
 LCIG One LCIG cas-

sette daily (10% of 
patients are assumed 
to require 2 cassettes 
[30])

– LCIG cassette: 
£77.00

Equivalent to 
£30,916 annu-
ally

– Adelphi Real-World PD 
DSP 2019 [50]

MIMS 2020 [52]

 Other medications Concomitant oral 
medications, includ-
ing COMT inhibitors

Oral medication, 
including 2.26% 
patients taking apo-
morphine

£319.21 annually £1222.28 annually 
(average including 
2.26% of patients 
taking apomorphine)

LCIG start-up
 NG tube insertion 1 – £695.53 – Lowin 2011 [21]

NHS National Schedule 
of Reference Costs 
2017–18 [53]

 PEG tube insertion 1 – £1015.26 –
 Titration and moni-

toring (5 days)
1 – £3262.56 –

Follow-up visit
 Per visit follow-up 

consultant led, 
multi-professional 
(outpatient, neurol-
ogy)

Year 1: 5
Year 2+: 1

– £206.73 – Previous versions of 
the model applied 
the resource use from 
Lowin 2011 directly 
[21]. This has been 
updated to include 
only additional follow-
up visits for the LCIG 
cohort, compared 
to the SoC cohort, 
after the first year, 
as applied by Lowin 
et al. [21]. General 
consultation costs 
are estimated using 
a linear regression, 
and are dependent on 
health state

NHS National Schedule 
of Reference Costs 
2017–2018 [53]

 Per visit follow-up 
consultant led

– Year 1: 2
Year 2+: 0

£148.01

 Per visit follow-up 
non-consultant led

Year 1: 1
Year 2+: 0

Year 1: 2
Year 2+: 0

£138.06 £138.06

Adverse event
 Replace/reposition 

tube with surgery
1 – £785.67 – NHS National Schedule 

of Reference Costs 
2017–2018 [53] Replace/reposi-

tion tube without 
surgery

1 – £502.85 –

Discontinuation
 PEG tube removal 1 – £594.66 – NHS National Schedule 

of Reference Costs 
2017–2018 [53]
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sensitive to changes in OFF states. Therefore the original 
regressions were used to inform health-state costs. The cost 
regression outputs, showing the resulting estimated mean 
cost per patient used in the model are summarised in Fig. 2. 
The total cost represents the combined costs for all vari-
ables. A great proportion of the total cost was associated 
with professional care (comprising home help, therapists and 
nursing home staff, with the cost of nursing home staff being 
the most significant factor). Detailed outputs are provided 
in the ESM.

2.6  Utility Inputs

2.6.1  Health‑State Utilities

Because of a paucity of data for some health states, the util-
ity estimates applied in the model were estimated from a 
linear mixed-model regression analysis. The analysis was 
based on EQ-5D-3L values (mapped to the UK-specific 
tariff [56]), from a combination of studies, which resulted 
in an increased sample size, improving the accuracy of the 
regression. The studies included the Adelphi-DSP study, 
combining both 2012 and 2019 UK datasets, LCIG clini-
cal studies (NCT00335153, NCT00357994/NCT00660387, 
NCT00141518 [DAPHNE]) [33, 36, 57] and an LCIG obser-
vational study (the GLORIA registry) [35, 58], brief descrip-
tions of the LCIG studies are provided in the ESM. This 
resulted in a combined dataset of 3862 patients. The outputs 
of the regression analysis indicated that an increase in HY 
stage or OFF stage is associated with a utility decrement of 

0.110 and 0.071, respectively. Detailed outputs are provided 
in the ESM.

2.6.2  Caregiver Disutility

The impact of caregiver disutility associated with informal 
care was included in the model based on regression mod-
els, using combined Adelphi-DSP 2012 and 2019 datasets. 
First, the proportion of the patients in the dataset with an 
informal caregiver by each HY stage was estimated using a 
probit model. Second, the associated utility decrement was 
estimated based on a linear regression model, using patients’ 
HY stage and EQ-5D data. An increase in HY stage was 
estimated to result in a utility decrement of 0.023. Detailed 
outputs are provided in the ESM.

2.7  Handling of Uncertainty

2.7.1  Deterministic Sensitivity Analyses

Scenario analyses and one-way sensitivity analyses were 
conducted to assess the impact of uncertainties surrounding 
core model outputs. Key parameters were varied to iden-
tify the key drivers of the results (Fig. 3). The analysis was 
conducted using a net monetary benefit, using a willing-
ness-to-pay (WTP) threshold of £30,000/QALY. Scenario 
analyses explored in the study included: (1) using alternative 
modelled cohorts: i.e. HY3/OFFI+ and HY3/OFFIII+; (2) 
assuming 20% of patients receiving SoC are treated with 
apomorphine to be consistent with a previous LCIG study 
[20]; (3) HY5/OFFIV patients allowed to continue LCIG 

Fig. 2  Cost regression outputs used in the model. ER emergency room, HY Hoehn and Yahr
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treatment after the trial period; (4) excluding the caregiver 
disutilities from the analyses; and (5) making alternative 
assumptions regarding the long-term benefit, after the first 5 
years in the model: i.e. assuming no benefit to LCIG cohort 
and progression rates are equal to the SoC cohort (a relative 
risk of 1 from year 6 onwards), and, alternatively, assum-
ing the benefit of LCIG gradually wanes (the relative risk 
increases linearly from year 6 to year 20 from 0.53 to 1). 
Upper and lower limits for the univariate analyses applied 
95% confidence intervals for the analysis where available. 
For parameters where there was no information regarding 
the uncertainties surrounding the source data, ranges varying 
from ±20% of the base-case values were applied. Summary 
tables for the deterministic sensitivity analyses are provided 
in the ESM.

2.7.2  Probabilistic Sensitivity Analysis

A probabilistic sensitivity analysis (PSA) was conducted to 
assess uncertainty related to model parameter values and 
to test the robustness of the model. Appropriate distribu-
tions were used (e.g. gamma for costs, beta for probabili-
ties). Because of the non-linearity in the cost regression, 
health-state costs were varied uniformly within 20% of the 
estimated mean. The PSA was run over 10,000 iterations. 
For each iteration, the sampled values for each parameter 
generated a single estimate of expected costs, effects and 
net benefits. The costs and QALYs, generated in the PSA 
are presented (Fig. 4), as well as the proportion of analy-
ses resulting in LCIG being cost effective at different WTP 
thresholds (Fig. 5).

2.8  Validation

Both internal and external validation were considered. With 
respect to internal validation, the current analysis is based on 
a well-established existing model structure; both the model 
structure and associated assumptions (described above) have 
been validated in previous studies [20–26]. Similarly, the 
model inputs have generally been validated in previous stud-
ies [20–22]. Where there are differences in inputs these are 
attributable either to updated data sources, or alternate meth-
ods for generating inputs, in an effort to improve internal 
validity. Therefore, the utility and resource-use inputs in the 
current analysis make use of the latest real-world evidence 
(Adelphi-DSP 2019) [50], and mortality and unit cost inputs 
are based on the latest respective UK data [49, 52, 53]. Simi-
larly, as discussed above, both the natural history (OFF state) 
transition probabilities, and treatment effect (relative risk of 
OFF-state progression) associated with LCIG are based on 
updated methodologies. External validation was conducted 

by comparing the results of this analysis with the results of 
previous studies.

3  Results

3.1  Base‑Case Results

In the base-case analysis, as compared to SoC, LCIG was 
associated with an incremental cost of £32,810, a QALY 
gain of 1.39 and a LY gain of 0.36 over a 20-year time hori-
zon. The ICER per QALY gain was £23,649 and the ICER 
per LY gain was £90,349. The base-case results are sum-
marised in Table 3, including a breakdown of the estimated 
costs. Levodopa/carbidopa intestinal gel was estimated to 
be associated with higher drug acquisition and administra-
tion costs than SoC. For all other costs, patients receiving 
SoC were estimated to have higher expenditure. There was 
a substantial cost saving of £157,853 associated with profes-
sional care.

3.2  Deterministic Sensitivity Analysis

The results of the one-way sensitivity analyses are pre-
sented as a tornado diagram in Fig. 3, showing key model 
parameters and scenarios and the incremental net mone-
tary benefit using a WTP threshold of £30,000. Key driv-
ers of the model were long-term efficacy of LCIG (after 
the first year), health-state costs from the cost regres-
sions and the long-term discontinuation rate (after the 
first year).

Notably, LCIG was associated with an ICER of £29,637/
QALY in a scenario analysis using a wider population 
(HY3+/OFFI), thus remaining cost effective at a WTP 
threshold of £30,000/QALY. Assuming a higher propor-
tion of the SoC cohort were treated with apomorphine in 
addition to oral treatments impacted the results substan-
tially in favour of LCIG, resulting in an ICER of £3970/
QALY. The results remained relatively stable in response 
to assumptions regarding the long-term efficacy of LCIG 
(after 5 years). Assuming the effectiveness of LCIG and 
SoC are equal after 5 years results in an ICER of £31,801/
QALY, and assuming a gradual waning in the effectiveness 
of LCIG after 5 years eventually (leading to parity with 
SoC by the end of the time horizon) results in an ICER of 
£25,390/QALY.

3.3  Probabilistic Sensitivity Analysis

Cost-effectiveness pairs generated in the PSA are shown in 
Fig. 4, and a cost-effectiveness acceptability plot is shown 
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in Fig. 5. Most cost-effectiveness pairs lie in the north-east 
quadrant, where LCIG is associated with higher costs and 
greater QALY gain. Results also fall within the south-east 
quadrant, where LCIG is cost saving. This variability is 
largely due to varying the health-state costs, which are a 
key driver of the model. At a WTP threshold of £20,000, 
LCIG had a 40% probability of being cost effective, and at 
a WTP threshold of £30,000, LCIG had a 55% probability 
of being cost effective.

3.4  Validation

A comparison of the results of this analysis with previous 
analyses [20–22] showed consistency in terms of an increase 
both in costs and QALYs for LCIG compared with SoC, 
although there was an expected difference in the magnitude 
of the results. This is further discussed in Sect. 4.

4  Discussion

This study builds on methodologies employed by previously 
published models using a well-established model structure 
in aPD [20–26]. In the base case, it was estimated that LCIG 
was associated with higher QALYs and higher direct costs 
compared with SoC, resulting in an ICER of £23,649/QALY, 
which falls within the £20,000–30,000 cost-effectiveness 
threshold range specified by NICE [45]. Levodopa/carbidopa 
intestinal gel was overall associated with higher treatment 
costs, which accounted for the proportion of patients requir-
ing a second cassette. However, a recent study showed that 
the average daily dose may be reduced with opicapone treat-
ment [30]. The benefit of LCIG is driven by the slower OFF-
time disease progression, and the initial treatment effect dur-
ing the first year as estimated from clinical data, as patients 
spend more time in less severe health states. This results in 
higher utilities, and lower health-state-related costs (includ-
ing hospitalisations, emergency room visits, consultations, 
respite care and professional care) over the time horizon. 
Treatment with LCIG resulted in great savings in profes-
sional care (in line with previous findings [59–61]), but other 
variables were less impactful.

The PSAs showed the result was generally robust. How-
ever, driven by the sensitivity of the ICER to changes in 
health-state costs, there were notable variations around 
the incremental overall costs that ranged from positive to 
negative (Fig. 4). The cost-effectiveness acceptability plot, 
therefore, showed that at a WTP threshold of £20,000, 
LCIG had a 40% probability of being cost effective, and at 
a WTP threshold of £30,000, LCIG had a 55% probability 
of being cost effective (Fig. 5). These findings are expected 
given that health-state costs are the primary contributor to 
the overall costs, accounting for 98% of the total cost for Ta
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SoC, and 61% of the total cost of LCIG, notably profes-
sional care cost accounts for 89% of total costs for SoC, and 
57% of the total costs for LCIG. Therefore, small variations 
in these costs result in considerable changes to the model 
results (Fig. 3). While a 40–55% probability of being cost 
effective (at the £20,000–£30,000 WTP threshold) is not 
high, reimbursement decision are not made purely based 
on cost effectiveness. Other factors, for example, disease 
burden, unmet needs and other socioeconomic factors (e.g. 
caregiver burden) are all considered during the decision-
making process.

There is a lack of consensus on the definition of aPD, 
with a number of indicators suggested, based on uncon-
trolled motor and non-motor symptoms, and functional 
impairments [18, 62–66]. Studies have proposed ≥ 2 h 
OFF-time (i.e. 12.5% of waking time) as a key indicator 
that is measured in clinical practice [18, 19, 64–66]. Pre-
vious economic evaluations have used OFF-time > 8 h 
(50% of waking time) [20–22], and found LCIG to be cost 

effective compared with SoC. This analysis explored a wider 
population compared with those of the previously published 
studies, considering patients with OFF-time > 4 h (25% of 
waking time). This model cohort is a closer estimation of 
the trial NCT00335153 population: 78% of the total popu-
lation match the current HY/OFF criteria (HY3+/OFFII+), 
compared with 26% in previous studies (HY3+/OFFIII+) 
[20–22]. In addition, scenario analyses estimated that LCIG 
was cost effective at a £30,000 WTP threshold for a wider 
population of HY3+/OFFI+, defined as having OFF-time 
>0%.

Previous analyses have estimated an increase in both 
costs and QALYs for LCIG compared with SoC. However, 
there is some variation in the magnitude due to various input 
sources. The cost-effectiveness analysis of LCIG vs SoC 
from the UK NHS perspective published in 2011 resulted in 
an ICER of £36,024/QALY for LCIG with a QALY gain of 
1.10, while an adaptation published in 2018 for Scottish and 
Welsh settings resulted in an ICER of £52,110/QALY with 

Fig. 3  Tornado diagram generated in the one-way sensitivity analysis. CI confidence interval, HY Hoehn and Yahr, LCIG levodopa/carbidopa 
intestinal gel, SoC standard of care, WTP willingness to pay
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a QALY gain of 1.26 [20, 21]. However, it should be noted 
that these analyses considered a more severe starting popula-
tion of HY ≥ 3/OFF > 8 h compared with the current analy-
sis (base case: HY ≥ 3/OFF > 4 h). Furthermore, by virtue 
of the use of the most recent Adelphi 2019 dataset [50], the 
health-state costs in the current analysis are generally higher 
compared with the two previous studies referenced. [20, 21]. 

In addition to using the most recent Adelphi dataset for costs 
and utilities, other influential inputs have been updated based 
on feedback from health technology assessment bodies; the 
methodology for estimating the OFF-stage transition prob-
abilities was updated to account for missing data, and the 
LCIG treatment discontinuation rate was re-calculated to 
account for mortality. Overall, the current analysis is data 

Fig. 5  Cost-effectiveness 
acceptability curve generated 
in the probabilistic sensitivity 
analysis. ICER incremental 
cost-effectiveness ratio

Fig. 4  Cost-effectiveness pairs generated in the probabilistic sensitivity analysis. CI confidence interval, QALYs quality-adjusted life-years
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driven and conservative where possible, for example, the 
percentage of patients receiving apomorphine treatment, in 
addition to oral SoC treatments, was estimated based on the 
overall cohort (including less severe HY and OFF stages) in 
the UK Adelphi dataset but this percentage may be higher 
for the severe cohort. A summary table of all previous cost-
effectiveness analyses is provided in the ESM [13, 20–23, 
43].

The costs and utilities associated with disease health 
states used in the model were informed by a novel analy-
sis using the large, real-world, Adelphi-DSP 2019 dataset. 
This was considered the best available source available, and 
because of a paucity of data in the more severe health states, 
a regression analysis was considered the most appropriate 
method to inform these states. This is an established meth-
odology to obtain information owing to a lack of data [67].

The cost-effectiveness analysis, however, has some 
limitations:

• The assumption that SoC treatment has no benefit has 
been highlighted as a limitation by health technology 
assessment bodies. However, as the patient cohort con-
sidered are patients with severe disease who are left with 
no options other than LCIG, in line with the clinical path-
way in England [13], these patients are therefore unlikely 
to accrue benefit from oral treatment. Based on this, the 
assumption that they follow natural disease progression 
was made and considered reasonable.

• The assumption that OFF-time progression benefits asso-
ciated with LCIG treatment are sustained long term has 
been noted as a source of uncertainty. However, long-
term studies have demonstrated improvements in OFF-
time after the initial 12 months, up to at least 5 years 
after baseline [34–36, 40–42]. In order to identify the 
impact of different scenarios of long-term efficacy of 
LCIG (from year 5 onwards), the model was tested for 
two more conservative scenarios:

1. The effectiveness of LCIG and SoC are equal after 
5 years: this scenario results in an ICER of £31,801/
QALY (where the incremental QALY gain is 1.3 
and the incremental cost is £41,305).

2. A gradual waning in the effectiveness of LCIG after 
5 years eventually leads to parity with SoC by the 
end of the time horizon: this scenario results in 
an ICER of £25,390/QALY (where the incremen-
tal QALY gain is 1.37 and the incremental cost is 
£34,678).

 Although in both scenarios the QALYs gained 
are less than those gained in the base case, the 
ICER remains relatively insensitive. Given the 
sensitivity of results to assumptions regarding 
the long-term efficacy of LCIG after the initial 

12-month period (Fig. 3), the relative insen-
sitivity of results to long-term efficacy after 
5 years suggest that result sensitivity is based 
more on the short-term outcomes. This is con-
sistent with the fact that this model includes, 
and is sensitive to, constant treatment discon-
tinuation (Fig. 3); meaning that a large propor-
tion (~ 30%) of patients discontinue treatment 
before 5 years, and are unaffected by assump-
tions regarding LCIG efficacy after 5 years. In 
addition, the scenario assuming same effective-
ness of LCIG as SoC after year 5 is an unlikely 
‘worst-case’ scenario.

• Because of the nature of aPD, there are limited data avail-
able. Thus, there is uncertainty in the model as a result of 
limited data. For health-state costs in particular, there are 
very few observations in the Adelphi-DSP 2019 dataset 
for the more severe OFF-time states (≥ OFF II). Fur-
thermore, the health-state costs are a key model driver 
(Fig. 3). In particular, the model is driven by the cost of 
professional care, which poses a significant burden in PD 
(in line with previous findings [64]), and is the largest 
proportion of the mean cost per patient in this analysis 
(89% of the total cost in the SoC arm, Table 3). If health-
state costs are overestimated, given the effectiveness of 
LCIG modelled in this analysis, and the sensitivity of the 
results to health-state costs (Fig. 3), the ICER will be sig-
nificantly underestimated (because of an increased cost 
saving for patients using LCIG in terms of health-state 
costs), and vice-versa. In an effort to mitigate against 
this uncertainty, regression analyses were performed, 
as already described. However, the limitation here is 
that some parameters estimated in the regressions were 
not significant. Because of few datapoints for the more 
severe states, the regression was highly dependent on 
the observed costs in these states, which also resulted 
in uncertainty and wide confidence intervals. In order to 
increase the number of data points, additional analyses 
were conducted on the combined UK Adelphi-DSP 2019 
and 2012 dataset, as well as the 2019 EU5 and G7 data-
sets. These analyses did not impact the significance of the 
estimated parameters, but resulted in different estimates, 
and additionally, were less sensitive to changes in OFF 
states. Researchers have begun attempting to address the 
issue of estimating health-state costs in the more severe 
PD health states [68]; however, this is still an area that 
future analyses may wish to focus on as robust evidence 
is not yet available.

As the nature of disease progression in patients with 
PD varies considerably based on individual characteristics 
and treatment history, future analyses may wish to consider 
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developing an individual patient-based simulation, allowing 
for individual patient histories to be recorded. Despite many 
advantages associated with this, to date, no PD models have 
been published using this approach because of greater data 
requirements. Populating these models may become feasible 
if more data become available.

5  Conclusions

The ICER of LCIG compared to SoC among patients with 
aPD was estimated to be within the WTP thresholds and 
deemed cost effective in the base case based on NICE cri-
teria. The analysis estimated that LCIG treatment resulted 
in a substantial quality-of-life gain compared with SoC, and 
increased costs per patient, but with lower costs associated 
with disease severity.

The cost-effectiveness estimates are based on the best-
available evidence. An increased evidence base on advanced 
PD may support future work. In particular, the availability of 
robust long-term outcome data, and data regarding the costs 
associated with more severe health states, in PD will reduce 
uncertainties associated with the analysis.

In England, LCIG is currently the only treatment option 
for patients with complex aPD who have not responded to, 
or are unsuitable for, apomorphine and DBS. The current 
economic analysis was conducted for a wider population 
than considered in previous LCIG cost-effectiveness studies. 
These findings may support the undertaking of further inves-
tigations of the benefits of earlier access to LCIG, in par-
ticular, for a less severe population than the current practice.
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