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Abstract Advanced-stage Parkinson’s disease (PD)

strongly affects quality of life (QoL). Continuous intradu-

odenal administration of levodopa (IDL) is efficacious, but

entails high costs. This study aims to estimate these costs in

routine care. 10 patients with advanced-PD who switched

from oral medication to IDL were assessed at baseline, and

subsequently at 3, 6, 9 and 12 months follow-up. We used

the Unified PD Rating Scale (UPDRS) for function and

15D for Quality of Life (QoL). Costs were assessed using

quarterly structured patient questionnaires and hospital

registries. Costs per quality adjusted life year (QALY)

were estimated for conventional treatment prior to switch

and for 1-year treatment with IDL. Probabilistic sensitivity

analysis was based on bootstrapping. IDL significantly

improved functional scores and was safe to use. One-year

conventional oral treatment entailed 0.63 QALY while IDL

entailed 0.68 (p [ 0.05). The estimated total 1-year

treatment cost was NOK419,160 on conventional treatment

and NOK890,920 on IDL, representing a cost of NOK9.2

million (€1.18 mill) per additional QALY. The incremental

cost per unit UPDRS improvement was NOK25,000

(€3,250). Medication was the dominant cost during IDL

(45 % of total costs), it represented only 6.4 % of the total

for conventional treatment. IDL improves function but is

not cost effective using recommended thresholds for cost/

QALY in Norway.
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Introduction

Early Parkinson’s disease (PD) usually causes little dis-

ability if optimally treated but in later stages and fluctu-

ating disease, both function and cost increase [5].

Motor fluctuations may be associated with fluctuating

levodopa serum levels [19, 27]. Strategies to avoid fluc-

tuations include use of longer acting oral medications and

levodopa administration with shorter intervals [27, 31].

Other strategies include oral and transdermal prolonged

release preparations and subcutaneous or intestinal drug

administration [30]. Continuous subcutaneous administra-

tion of apomorphine and intraduodenal levodopa adminis-

tration (IDL) are alternatives with proven efficacy in terms

of reducing on–off fluctuations [2, 9]. Both are considered

evidence-based alternatives [11]. Finally, deep brain stim-

ulation, usually in the subthalamic nucleus (STN) is used

[1, 9, 20]. Optimal choice of late stage PD therapy requires

insight into the benefits and side effects of the different

therapies, but also of the costs. While DBS implies high

initial costs because of the device and surgery, IDL with
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Duodopa� is costly in the longer run because the drug has

orphan status [32] and is priced accordingly. Two studies

have been published on the cost effectiveness of intradu-

odenal levodopa therapy with widely diverging results [13,

15]. These studies, however, were based in part on trial

data and modelling, and to our knowledge no studies of

real life costs and outcomes have been published.

The aim of the present study was to estimate the costs

and health consequences of replacing conventional oral

treatment by IDL in late stage PD. We adopted a societal

perspective, attempting to capture all costs and conse-

quences. Because PD strongly influences patients’ quality

of life, we used quality adjusted life years (QALYs) mea-

sured using the 15D instrument as the measure of health

benefit [6].

Methods

Setting

One-year, prospective, open, clinical study of IDL treat-

ment in the Neurology department of a University Hospital

was conducted. We used the patients’ own quality of life

and treatment costs prior to IDL as the control.

Patients

Inclusion criteria:

• Clinical diagnosis of idiopathic PD.

• Motor fluctuations despite optimized oral treatment.

• Suitable for IDL treatment based on overall clinical

assessment of severity of disease [Unified PD Rating

Scale (UPDRS) and Hoehn and Yahr staging] and

efficacy of previous treatment.

• On–off registration supporting improvement of fluctu-

ations by pilot IDL treatment as compared to oral

treatment.

Exclusion criteria:

• Severe dementia, confusion, psychosis or depression.

• Contraindications against levodopa treatment.

Treatment protocol

Patients were clinically assessed as in-patients in the neu-

rology department for possible IDL treatment. On–off

registration was done over at least 24 h on current oral

treatment. Efficacy of IDL treatment was then tested by

infusion through a nasoduodenal tube. IDL administration

was started at a dosage based on previous oral levodopa

dose. Using continued on–off registration, the dosage was

adjusted to achieve optimal on-time and minimize dyski-

nesia over the next few days. Once a stable optimal dose

had been titrated, the nasoduodenal tube was removed and

patients returned to their previous oral medication regime.

Patients who showed improvement compared with the oral

phase were offered long-term IDL treatment and an

application for reimbursement similar to other PD drugs

was submitted to the Norwegian Health Economics

Administration (HELFO).

Patients were released from the hospital and readmitted

after 4 weeks for insertion of a gastrostomy- and jejunal

tube (J-PEG). This ‘‘PEG-week’’ was conducted using a

procedure similar to that used during the test week. Patients

remained hospitalized until the immediate postoperative

phase was over and dosage was considered acceptable.

Patients were released from the hospital and readmitted

briefly after 1 month to check the general postoperative

condition and at 3, 6, 9 and 12 months for functional

assessment, on–off registration and dosage adjustment.

After 12 months the patients left the study but were

allowed to continue IDL treatment if they wished.

Quality of life (15D)

Patients filled in the 15 item, self-administered quality-of-

life instrument 15D at baseline, admission to the PEG week

and at the readmission time points. We translated 15D QoL

data to a utility scale ranging from 0 to 1 by means of the

algorithms published by Sintonen [22–24]. For missing

data we used Last Observation Carried Forward (LOCF)

for time points after the initiation of IDL treatment.

The change in quality adjusted life years (QALYs) from

IDL treatment was estimated as the difference between the

estimated QALY in the last year before IDL treatment

based on the 15D value before inclusion in the study, and

the first year on such treatment. The QALY was calculated

as the area under the curve using the registered scores.

Patient reported health care utilization and 15D data were

collected using structured questionnaires. Patients were

queried about any health care contacts, home nursing or

stays in institutions as well as related travel costs. Infor-

mation about length and reason for institutional stays were

verified using individual patients’ hospital registries. Lost

income for relatives due to care for patients at home was

included as a health-related cost based on average wages in

Norway during the same year.

Costs

Cost of medication was calculated based on actual pre-

scriptions. All costs were measured in 2008 Norwegian

Kroner (NOK). The total cost of PEG (NOK89,892—

€11,566) was based on hospital accounts and included the
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cost of the nasoduodenal test period which was distributed

across the expected duration of DLI treatment (4.2 years

according to [18]). Other sources for cost calculations are

given in Table 1. We included indirect costs based on

patients self-reports.

Analysis

Descriptive data are presented as means and 95 % CI. For

comparison of data on oral treatment and IDL, paired t tests

were used with p \ 0.05 as significant (Bonferroni

corrected, as appropriate). Differences in total costs and

QALYs were tested with bootstrapping.

Ethics

All participants gave written informed consent. The study

was performed based on GCP and the Helsinki protocol.

The relevant ethical, data handling and regulatory institu-

tions approved the study procedures. The study was reg-

istered in the Clinical Trials registry (http://www.

clinicaltrials.gov, Identifier: NCT00272688).

Table 1 Unit costs [2008 Norwegian Kroner (NOK)]

Cost

(NOK)

Unit Source

Inpatient cost at study hospital 11,022 Day Source: comparative data for the specialized health

services (‘‘Samdata Spesialisthelsetjenesten’’) 2009

page 73 (Report 2009—ISBN-nr. 978-82-8081-200-1),

Oslo: Helsedirektoratet 2010

Inpatient cost local hospital 9,865 Day Source: comparative data for the specialized health

services (‘‘Samdata Spesialisthelsetjenesten’’) 2009

page 73 (Report 2009—ISBN-nr. 978-82-8081-200-1),

Oslo: Helsedirektoratet 2010

Inpatient cost nursery home 2,297 Day Source: statistics Norway (http://www.ssb.no/kostra/stt/

index.cgi?nivaa=2&regionstype=kommune)

838,233

Sheltered living 574 Day Estimated (Sønbø Kristiansen)

Consultation private specialist

(neurologist)

960 Consultation The fee schedule for general practice 2009–2010 (in

Norwegian: Normaltariffen 2010–2011, Norwegian

Medical association)

Consultation GP 405 Consultation The fee schedule for general practice 2009–2010 (in

Norwegian: Normaltariffen 2010–2011, Norwegian

Medical association)

Physiotherapy 282 Consultation Norwegian Association of Physiotherapists (previous

contact assumed i.e. not first time cost used)

Psychiatric nurse 318 Consultation Source: statistics Norway (http://www.ssb.no/kostra/stt/

index.cgi?nivaa=2&regionstype=kommune)

572,134

Telephone consultation

Specialist

50 Call The fee schedule for general practice 2009–2010 (in

Norwegian: Normaltariffen 2010–2011, Norwegian

Medical association)

Travelling costs using own car/

taxi

3.65 Km Norwegian state travel regulations (‘‘Statens

reiseregulativ’’)

Neurological outpatient visit 1,223 Consultation DRG pricelist 2010 (in Norwegian: Innsatsstyrt

finansiering). Oslo: Helsedirektoratet 2010

DRG

weight:

0.034

DRG unit

cost:

35,964

Pay loss for relative staying at

home (based on average wage

in Norway)

1,167 Day Source: statistics Norway (http://www.ssb.no/lonn/)

Ambulance transport (based on

average ambulance costs)

11,000 per callout Norwegian ambulance association

Operation costs PEG operation 6,124 Operation Department Surgery Akershus University Hospital

Sick pension 162,813 Year NAV (The Norwegian labour and welfare administration)

http://www.nav.no, mean for 2008

Medication costs Actual

cost

The Norwegian Pharmaceutical Product Compendium

2008
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Results

Patients

Patients’ characteristics are shown in Table 2. All 10

patients had both dyskinesia and off periods. For dyski-

nesia, six patients had a duration of 1–25 % waking hours,

two patients 25–50 % and two more than 50 %. Off-

period duration was 1–25 % for five patients, 25–50 % for

four patients and [50 % for one patient. Nine patients

participated according to protocol for the whole year

while one withdrew consent for the study after 6 months,

but chose to continue on IDL. The mean UPDRS scores as

well as fluctuations improved compared to baseline

(Fig. 1; Table 2). Total levodopa dosage with IDL treat-

ment increased (Fig. 2). This dosage change occurred

during the first 3 months and then remained stable. The

optimal dosage of IDL determined during nasoduodenal

testing was slightly lower than the oral levodopa equiv-

alent dose at baseline (1,047 vs. 1,223 mg, p = 0.039––

not significant compared to Bonferroni-adjusted signifi-

cance limits).

Side effects/safety

The following side effects were seen during IDL: (1) tech-

nical/surgery related: six tube dislocations/leakage, three

local pain around stoma/local chemical peritonitis not

requiring treatment, two tube occlusions, two stoma infec-

tions/secretion from stoma; (2) possibly/probably medica-

tion related: hallucinations four times in same patient, three

minor depressions, one diarrhoea, one leg cramps, one

increased dyskinesia. There were three suspected serious

adverse reactions (SUSARS) reported: (1) paranoid psy-

chotic reaction during nasoduodenal testing (at night with

pump off)––requiring temporary restraining of patient and

antipsychotic medication; (2) atrial flutter, by cardiologist

evaluated as probably unrelated to treatment, not requiring

hospitalization but anticoagulation was initiated; (3) knotted

intestinal tube requiring in-hospital stay overnight and new

gastroscopy. None of the side effects led to termination of

the IDL treatment. The patient who withdrew consent did so

based on the general hassle of participating in the data

collection of the study rather than on side effects.

Quality of life

The mean 15D score on oral treatment at baseline was 0.63

while it was on average 0.68 during 1 year of IDL implying

1-year QALYs of 0.63 and 0.68, respectively (Table 3).

The difference was 0.047 (95 % CI 0.00063–0.097).

Costs

The mean 1-year cost per patient was NOK419,160 on oral

treatment and NOK890,920 on IDL (Table 4), representing

a mean incremental 1-year cost of NOK 471,760 (€60,697).

Table 2 Patient characteristics

Baseline

oral therapy

IDL p value

(paired

t test)

Age 64 (range

58–70)

– –

Gender (M/F) 5/5 – –

PD duration (years) 10 (2) – –

No. of concomitant PD

medications at baseline

3 – –

Levodopa dose

equivalents mg/day,

mean

1,223 (249) 1,739 (412) 0.028*

UPDRS score, mean 48.9 (10.0) 30.2 (5.2) 0.001**

Hoehn and Yahr score,

range

2–3 1.5–3 –

Schwab and England

score (mean)

75 % (3.3) 79 % (5.5) 0.24

On–off (% near normal,

mean)

81 % (10.7) 96 % (3.5) 0.005**

On–off (% off, mean) 7 % (4.7) 2 % (1.0) 0.03*

On–off (% dyskinesia,

mean)

10 % (9.2) 2 % (2.8) 0.044*

Characteristics of participants (numbers in parentheses are 95 % CI

unless otherwise stated, numbers given are with LOCF imputation of

missing values). On–Off registration was based on evaluation by

external trained observers and is not directly comparable to the cor-

responding sections of the UPDRS, percentages denote % of total

awake hours registered spent with functional off, with dyskinesia or in

nearly normal function. Imputation changed none of the significance

levels given

* p \ 0.05, ** p \ 0.01

Fig. 1 UPDRS scores (lower, dashed line) and fluctuations (% time

in near normal function/day as registered in on–off registration by

trained nurses in the neurological ward—upper continuous line) at

specific time points after baseline (0 time) before start of intraduo-

denal levodopa. Error bars are 95 % CI
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The distribution of costs across categories varied sub-

stantially with medication (levodopa) representing the

largest IDL cost component (45 % of total), while non-

medication health-related costs and indirect costs

accounted for the largest proportion of oral treatment

costs (54 and 39 %, respectively) (Table 5). Medications

represented only 6.4 % of total costs of conventional oral

treatment.

Cost effectiveness

With incremental cost of NOK471,760 per patient per year,

and incremental QALY of 0.047, incremental cost per

QALY was NOK9.2 million (€1.18 million). The incre-

mental cost per unit improvement of the total UPDRS score

was NOK25,228 (€3,246).

Sensitivity analysis

In probabilistic sensitivity analysis based on bootstrapping

using the Norwegian recommended value of a QALY

(NOK 500,000), the probability that IDL treatment is cost-

effective is zero.

Due to the large variation of individual costs (Table 4), we

also performed additional sensitivity analyses by removing

the two patients with the highest and lowest cost increase,

respectively. The results suggested incremental costs per

QALY of NOK 6.4–21 million (€0.82–2.7 million).

Discussion

Main results

In this study of IDL, patients improved functional scores

and had less motor fluctuations. Safety was acceptable,

with side effects largely as expected in older patients with

advanced-PD. The cost of IDL is high, and is not cost

effective according to current Norwegian guidelines [21].

Methodological considerations

This study was an open, un-blinded, before–after study

where patients were their own controls. A blinded study of

this invasive treatment would have been impossible to

perform. Patients who are considered for IDL treatment

probably represent a selected group different from those

who remain on oral treatment or have STN stimulation.

The 15D quality of life instrument was chosen because it

is a multidimensional generic instrument that may capture

improvement in QoL even in small patient groups [13, 22–

24]. However, the instrument may miss some Parkinson-

specific symptoms with a bearing on subjective QoL,

Fig. 2 Daily levodopa dosages at specific time points after baseline

(0 time point) before start of intraduodenal levodopa. Error bars are

95 % CI

Table 3 Individual quality of

life scores (15D) at baseline

(oral treatment) and during

1 year on intraduodenal

levodopa treatment

Patient # Baseline 3 months 6 months 9 months 12 months Mean during

follow-up

1 0.72 0.65 0.68 0.74 0.59 0.67

2 0.55 0.64 0.66 0.59 0.63 0.63

3 0.46 0.52 0.49 0.60 0.64 0.56

4 0.57 0.88 0.85 0.79 0.76 0.82

5 0.43 0.60 0.63 0.51 0.48 0.56

6 0.71 0.73 0.74 0.61 0.70 0.70

7 0.63 0.71 0.61 0.73 0.62 0.67

8 0.76 0.84 0.69 0.69 0.69 0.73

9 0.55 0.68 0.55 0.68 0.67 0.65

10 0.87 0.79 0.75 0.83 0.82 0.80

Mean 0.63 0.70 0.67 0.68 0.66 0.68

SD 0.14 0.11 0.10 0.10 0.09 0.09
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especially related to fluctuations [10, 12]. The average

improvement of 0.047 in 15D score is clinically relevant, but

it is not statistically significant due to large variation across

few patients. The improvement in UPDRS scores over time

indicates that IDL leads to a real improvement of the

patients’ lives. Though the 15D has been suggested to be a

good, multidimensional score for comparing costs for dif-

ferent complex health states [25, 26], it was apparently not

able to capture this improvement in a small patient group.

Retrospective recall of costs may be hampered by recall

bias. To reduce recall time we asked patients to register

their use of health care during the three weeks preceding

each visit and then assumed the same cost level for the

previous 3 months. However, costs associated with in-

hospital stays were recorded directly from patient registers

and we expect that they are relatively complete.

Discussion and comparison with results of others

To our knowledge, no previous long-term cost-utility study

based on actual costs and outcomes has been published for

IDL. Functional measures such as the UPDRS score have

been used to assess cost effectiveness [16, 29]. However,

this makes comparisons with non-Parkinson diseases

impossible. Other studies have based estimations on shorter

term QoL assessments extrapolated into the future and

standard costs assumed to be associated with the patients

[13], or on modelling based on QoL (EQ-5D) levels asso-

ciated with patients with different levels of PD function [15].

These approximations may lead to loss of information

regarding individual patients. Our study may be regarded as

a supplement to the above-mentioned studies. There are

probably two reasons why we arrive at a much higher cost

per QALY than other studies with the exception of the study

by Kristiansen and co-workers. First, we used 15D which

may result in more ‘‘conservative’’ QALY gains, and sec-

ond, our 1-year study does not capture future cost savings

from less use of nursing home, etc. It should be noted,

however, that there is little direct evidence of such savings.

Comparison with other treatments

Until now, the choice between IDL, DBS and continuous

apomorphine treatments has been more dependent on the

Table 4 Total individual costs

[2008 Norwegian kroner

(NOK)] for the last 3 months of

oral treatment and for each

3-month therapy on

intraduodenal levodopa

treatment

Values include surgical costs

Patients 3 months prior to IDL 3 months 6 months 9 months 12 months Total during

follow-up

1 46,126 198,259 167,105 165,193 165,193 695,749

2 77,455 398,189 165,820 197,020 178,300 939,329

3 77,051 206,853 363,076 172,080 177,436 919,445

4 143,249 207,282 166,491 164,944 173,346 712,063

5 90,633 217,499 225,446 182,499 205,299 830,743

6 90,301 972,349 172,395 234,025 197,794 1,576,563

7 259,226 218,147 188,083 198,379 317,636 922,244

8 110,438 199,032 165,966 165,966 165,966 696,929

9 108,233 263,711 206,609 229,409 202,401 902,129

10 45,188 197,658 164,592 186,819 164,932 714,001

Mean 104,790 307,898 198,558 189,633 194,830 890,920

SD 61,729 241,336 61,422 25,425 45,825 261,833

Table 5 Cost (2008 Norwegian kroner) during last 3 months prior to intraduodenal continuous levodopa infusion and during subsequent

3 months periods on this treatment, according to type of costs

Baseline 3 months 6 months 9 months 12 months Mean at fu

Travel costs 0.6 (0.6) 0.2 (0.5) 0.2 (0.3) 0.2 (0.3) 2.4 (4.7) 0.7 (1.4)

Health-related costs 54.2 (56.8) 37.3 (114.9) 19.5 (38.8) 15.7 (29.9) 15.7 (30.6) 22.1 (53.5)

Oral medication 6.4 (6.7) 0.1 (0.4) 0.2 (0.4) 0.2 (0.4) 0.2 (0.5) 0.2 (0.4)

IDL 0.0 (0) 31.3 (96.3) 48.5 (96.3) 50.8 (96.3) 49.4 (96.3) 45.0 (96.3)

State pension 38.8 (40.7) 13.2 (40.7) 20.5 (40.7) 21.5 (40.7) 20.9 (40.7) 19.0 (40.7)

Planned study hospitalization 0.0 (0) 17.9 (55.1) 11.1 (22.0) 11.6 (22.0) 11.3 (22.0) 13.0 (30.3)

Total % 100 (104.8) 100 (307.9) 100 (198.6) 100 (189.6) 100 (194.8) 100 (222.7)

Health-related costs include hospitalization, nursing home, consultations with GPs and specialists, nurses/home nursing, physiotherapy, home

care by relatives (reduced pay). Percentages and thousands of NOK (within brackets) given
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expertise of the various treatment centres than on evidence-

based comparisons between them. There are no random-

ized, head-to-head comparisons of these treatment meth-

ods. A non-randomized comparison of the functional

efficacy of IDL, STN stimulation and apomorphine pump

indicated that both IDL and STN stimulation produced

motor improvement, while apomorphine gave inadequate

motor control [7]. The alternative strategies are all asso-

ciated with high costs. In Europe, the estimate of the annual

cost of an average PD patient is between €10,000 and

€20,000 while that of an advanced-phase patient may be as

high as €30,000 [14]. For STN, initial procedure-related

costs have been estimated at €10,000–37,000 [8, 16, 28,

29]. Apomorphine medication costs have been estimated at

between €13,500 and €73,000–91,000 per year [4, 17]. For

IDL, levodopa medication costs alone are approximately

€50,000 per year.

There are no direct cost-effectiveness comparisons

between IDL, DBS and apomorphine infusion. However,

studies have compared DBS or apomorphine infusion with

conventional oral therapy. A study based on probabilistic

decision modelling found an incremental cost-effectiveness

ratio of $49,194 (€37,630) per QALY gained for DBS vs.

best per oral medication. QoL improvement over 18 % was

regarded as probably cost effective (\$50,000/QALY)

[28]. A recent study used the EQ-5D for QALY based

estimations of cost effectiveness of DBS and found a cost-

effectiveness ratio of €34,389 per QALY with a QALY

improvement from 0.54 to 0.76 suggesting cost effective-

ness [29]. However, excluding two patients on apomor-

phine pump treatment from the control group in this study

increased the cost-effectiveness ratio to €62,148 per

QALY, indicating the importance of the cost of expensive

medication and the sensitivity to high costs for few indi-

viduals in the analyses [29].

Our results for IDL are similar to a Swedish study that

also used the 15D instrument and reported a cost-effec-

tiveness ratio of SEK6.1 million (€645,500) per QALY

[13]. A Markov model from the UK, suggested a cost per

QALY for IDL of £36,000 (€41,000) using EQ-5D [15]. [8,

16, 29] It is clear that the results of cost-effectiveness

studies depend critically on methods, not least for mea-

suring QoL.

Policy implications

In Norway, the Directorate of Health has suggested that

society should be willing to pay NOK300,000 to

NOK800,000 per good life year (QALY) [21]. The cost per

QALY in this study is well beyond that threshold. This

raises the question of whether society should be willing to

pay more for orphan drugs than other treatment [3]. Mea-

suring individual costs of an advanced-PD patient group, as

we have here, is expected to give large variations in costs

of care and it is obvious that such variations are larger in a

smaller patient group. However, our results represent real

measured costs in Norway of consecutive patients treated

based on the established clinical indications and sensitivity

analyses suggest them to be valid despite these variations.

Such individual variations need to be considered by policy

makers and associated ethical challenges, such as which

patient groups may be eligible for IDL, whether there

should be a maximum permissible individual cost and how

IDL should be paid for, should be discussed further.

There is little doubt, however, that IDL may substan-

tially improve patients’ lives.
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