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RANDOMIZED DELAYED-START TRIAL OF LEVODOPA IN EARLY PARKINSON’S DISEASE

Outcome* Early-start group 
(n=207)

Delayed-start 
group (n=210)

Difference between 
mean scores (95% CI)

P value

Primary outcome: change from baseline to week 80 UPDRS score
Baseline
Week 80
Difference

28.0±11.2
27.0±14.8
-1.0±13.1

29.0±11.8
27.0±14.3
-2.0±13.0

1.0 (-1.5 to 3.5) 0.44†

Secondary outcome measures‡
Progression of symptoms, as 
evaluated by an increase in 
UPDRS score per week
	 Between wk 4 and wk 40 
	 Between wk 44 and wk 80

0.04±0.23
0.10±0.25

0.06±0.34
0.03±0.28

-0.02 (-0.07 to 0.03)§
0.07 (0.03 to 0.10)¶

Median disability score at 80 
wk, as assessed with the ALDS 
(IQR)

89.5 (88.7 to 89.5) 89.5 (88.7 to 89.5) 0.10 (-1.21 to 1.41) ||

Median global cognitive 
functioning score at 80 wk, 
as assessed with the MMSE 
(IQR)

29.0 (28.0 to 30.0) 29.0 (28.0 to 30.0) 0.12 (-0.21 to 0.45) ||

Median depression score at 
80 wk, as assessed with the 
BDS-II (IQR)

6.0 (3.0 to 10.0) 6.0 (3.0 to 10.0) 0.18 (-0.78 to 1.10) ||

Median disease-related quality 
of life at 80 wk, as assessed 
with the PDQ-39 (IQR)

7.7 (3.2 to 14.7) 8.3 (3.8 to 14.7) -0.39 (-2.09 to 1.27) ||

Table 2. Primary and secondary outcomes.
* Plus–minus values are means ±SD.
† The P value was calculated with the use of a two-group t-test.
‡ Because of the lack of a plan for adjustment for multiplicity, the secondary outcomes are 
presented as point estimates with unadjusted 95% confidence intervals and cannot be used 
for clinical inferences.
§ The 95% confidence intervals are based on a linear mixed model that included trial group, 
time (4, 22, and 40 weeks), and an interaction between these two variables. Dependency of 
repeated measures was taken into account by including a random intercept for each patient, 
and maximum likelihood was used as the estimation method.
¶ The prespecified noninferiority margin was 0.055 points on the UPDRS. Because of the 
use of noninferiority testing, a two-sided 90% confidence interval is reported (95% one-sided 
confidence interval). The confidence interval is based on a linear mixed model that included 
trial group, time (44, 56, 68, and 80 weeks), and an interaction between these two variables. 
Dependency of repeated measures was taken into account by including a random intercept 
for each patient, and maximum likelihood was used as the estimation method.
|| Values were calculated with the use of the bootstrap method (information on bootstrapping 
specifications can be found in the Supplementary Appendix).

During the first 40 weeks of the trial, the incidence of nausea was higher in the 
early-start group than in the delayed start-group (23.0% vs. 14.3%, P=0.02) (Table 
3). At 80 weeks, the percentage of patients with motor complications, including 
dyskinesias and fluctuations in motor response, did not differ significantly (Table S5 
in the Supplementary Appendix). The results of the other secondary outcomes are 
shown in the Supplementary Appendix.

3
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Figure 2. Unified Parkinson’s Disease Rating Scale and Parkinson’s Disease Questionnaire-39 
Scores during the Trial.
The analyses were based on the intention-to-treat population. Mean Unified Parkinson’s 
Disease Rating Scale (UPDRS) total scores (Panel A) and Parkinson’s Disease Questionnaire-39 
(PDQ-39) scores (Panel B) for each trial group are shown. UPDRS scores range from 0 to 
176, with higher scores indicating more severe disease; the scale includes subscales of mental 
function, activities of daily living, and motor function. PDQ-39 scores range from 0 to 100, with 
higher scores indicating a lower disease- related quality of life. I bars denote 95% confidence 
intervals.
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List of Levodopa in EArlier Parkinson’s disease (LEAP) study 
investigators and affiliations
Steering committee: R.M.A. de Bie, MD, PhD, principal investigator, Department 
of Neurology, Amsterdam University Medical Centers, Academic Medical Center, 
University of Amsterdam, Amsterdam; M.G.W. Dijkgraaf, chief biostatistician, 
MsC, Clinical Epidemiology, Biostatistics and Bioinformatics, Amsterdam University 
Medical Centers, University of Amsterdam, Amsterdam; J.J. van Hilten, MD, PhD, 
senior project coordinator, Department of Neurology, Leiden University Medical 
Center, Leiden University, Leiden; T. van Laar, MD, PhD, senior project coordinator, 
Department of Neurology, University Medical Center Groningen, University of 
Groningen; B. Post, MD, PhD, senior project coordinator, Department of Neurology, 
Donders Institute for Brain, Cognition and Behavior, Radboud University Medical 
Center, Nijmegen; G. Tissingh, MD, PhD, senior project coordinator, Department of 
Neurology, Zuyderland Medical Center, Heerlen.

Participating treating investigators: Amsterdam University Medical Centers, 
Academic Medical Center, University of Amsterdam, Amsterdam, R.M.A. de Bie; 
Albert Schweitzer Hospital, Dordrecht, M.A. van Rijn; Alrijne Ziekenhuis, Leiden, 
J.L.A. Eekhof; Amphia Hospital, Breda, J.C.M. Zijlmans; Amstelland Hospital, 
Amstelveen, D.S.M. Molenaar; Antonius Hospital, Sneek, J.M.T.H. Oen; Bravis 
Hospital, Bergen op Zoom, C. den Hartog; Canisius-Wilhemina Hospital, Nijmegen, 
C.C.P. Verstappen; Catharina Hospital, Eindhoven, A.J. Vermeij; Deventer Ziekenhuis, 
Deventer, H.J.M.M Lohmann; Diakonessenhuis, Utrecht, C.M. Pleizier; Elizabeth Two 
Cities Hospital, Tilburg, J. Th. van Asseldonk; Elkerliek Hospital, Helmond, R. van 
Koningsveld; Erasmus Medical Center, Rotterdam, A.J.W. Boon; Flevoziekenhuis, 
Almere, J.P. Blankevoort; Gerle Hospitals, Apeldoorn, E. van Wensen; Haaglanden 
Medical Center, The Hague, R. Rundervoort and M.C.F. Gerrits; HagaZiekenhuis, 
The Hague, A. Mosch; Hospital De Tjongerschans, Heerenveen, R.D. Duyff; Hospital 
Rivierenland, Tiel, T.A. Hoogendoorn; Isala Clinics, Zwolle, M.E. van Kesteren; Isala 
Diaconessenhuis, Meppel, J.E.S. Hartono; Laurentius Hospital, Roermond, G.G.C. 
Korten; Leiden University Medical Center, Leiden, J.J. van Hilten; Maas Hospital 
Pantein, Boxmeer, L. van Winsen; Maasstad Hospital, Rotterdam, M. Westerink; 
Maastricht University Medical Center, Maastricht, M. Oosterloo; Martini Hospital, 
Groningen, A.F.W. Ruttgers; Meander Medical Center, Amersfoort, M.M. Ponsen; 
Medical Center Leeuwarden, Leeuwarden, B. van Harten; Medical Spectrum 
Twente, Enschede, L.D.A. van Dorresteijn; Northwest Hospital Group, Alkmaar, 
H.S. Winogrodzka; Ommelander Hospital Group, Scheemda, A.D. van As; Onze 
Lieve Vrouwe Gasthuis, Amsterdam, J.L.W. Bosboom and A.A.M. Vlaar; Radboud 
University Medical Center, Nijmegen, B. Post; Reiner de Graaf Gasthuis, Delft, D.J. 
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Kamphuis; Rijnland Hospital, Leiden, A.E.W.M. Ruys-van Oeijen; Rijnstate, Arnhem, 
E.M. Hoogerwaard; Rivas Zorggroep, Beatrix Hospital, Gorinchem, E. Geiger; 
Saxenburgh Group, Röpcke Zweers Hospital, Hardenberg, J.E. Lütke Farwick; Sint 
Anna Zorggroep, Geldrop, C.J.M. van Boheemen; Sint Antonius Hospital, Nieuwegein, 
J.I. Hoff; Sint Jans Gasthuis, Weert, H. Lövenich; Sint Jansdal Hospital, Harderwijk, 
P.L.J.A. Bernsen; Sint Franciscus Hospital, Rotterdam, G.J. de Jong; Sionsberg, 
Dokkum, G.A. Sulter; Slotervaart Hospital, Amsterdam, L.M.L. de Lau; Spaarne 
Gasthuis, Haarlem, A.G. Munts; Tergooi Hospitals, Blaricum, P.M. Laboyrie; Treant 
Zorggroep, Hoogeveen and Stadskanaal, P.G. Oomes and M.J.H. Langedijk; University 
Medical Center Groningen, Groningen, T. van Laar; VieCuri Medical Center, Venlo, 
F.G. Opstelten; Amsterdam University Medical Centers, VU University Medical 
Center, Amsterdam, E.M.J. Foncke; Westfries Gasthuis, Hoorn, P.J. Nederveen; 
Wilhelmina Hospital, Assen, J.N. Wessel; Zorggroep Twente, Almelo, A.A.A.C.M. 
Wertenbroek; Zuyderland Medical Center, Heerlen, G. Tissingh. All abovementioned 
hospitals are located in The Netherlands.
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Information on statistical analyses and missing data

Statistical approaches to model fitting
ANCOVA analyses
ANCOVA analyses were performed including Unified Parkinson’s Dissase Rating 
Scale (UPDRS)1  score at 80
weeks as the dependent variable and including study group and baseline UPDRS 
scores as independent variable/covariate.

Linear mixed model analyses for main outcome UPDRS score at 80 weeks
The linear mixed model on UPDRS score included study group, time (baseline, 4, 
22, 40, 44, 56, 68, 80 weeks), and the interaction between these two. Dependency of 
repeated measures was taken into account by including a random intercept for each 
patient and maximum likelihood was used as the estimation method.

Linear mixed model analyses phase I
The linear mixed model on UPDRS scores in phase I included study group, time 
(4, 22, 40 weeks), and the interaction between these two. Dependency of repeated 
measures was taken into account by including a random intercept for each patient, 
and maximum likelihood was used as the estimation method.

Linear mixed model analyses phase II
The linear mixed model on UPDRS scores in phase II included study group, time (44, 
56, 68, 80 weeks), and the interaction between these two. Dependency of repeated 
measures was taken into account by including a random intercept for each patient, 
and maximum likelihood was used as the estimation method.

Subgroup analyses
ANCOVA analyses were performed including UPDRS score at 80 weeks as the 
dependent variable and including either type of hospital, age, or symptom duration, 
in addition to study group and baseline UPDRS scores as independent variables/
covariate. We tested for interaction between study group and either type of hospital, 
age, or symptom duration. Interaction terms were not significant. We report the 
difference between mean scores (95% CI) of the study groups for either type of 
hospital, age, and symptom duration using separate models for each category of these 
variables (ANCOVA including UPDRS score at 80 weeks as the dependent variable, 
study group as independent variable, and baseline UPDRS scores as covariate).

3
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Bootstrap
Mean differences between the groups and bias-corrected and accelerated 95% CI’s 
in Table 2 for the AMC Linear Disability Scale scores (ALDS)2, Mini Mental State 
Examination (MMSE)3, Beck Depression Inventory II (BDI-II)4 and Parkinson’s 
Disease Questionnaire 39 (PDQ-39) were calculated using bootstrapping. Bootstrap 
specifications include: Mersenne Twister (default value SPSS), 5000 samples, 95% 
CI, bias-corrected and accelerated CI type, and stratified on the following baseline 
variables; type of hospital (academic or community hospital), age (below 65 years or 
65 years and older), symptom duration (shorter than 0.5 year or 0.5 year and longer), 
and study group.

Missing data on the primary outcome measure and multiple imputation
Regarding the UPDRS scores a total of 5.4% (193 scores) were missing over all 8 visits. 
The table below provides information on the number of missing scores for each visit 
by each study group.

Missing values on UPDRS score
Visit Early-start group

(n=222)
Delayed-start group
(n=222)

Visit 1 (baseline) 0 0
Visit 2 8 (3.6%) 1 (0.4%)
Visit 3 10 (4.5%) 4 (1.8%)
Visit 4 12 (5.4%) 10 (4.5%)
Visit 5 13 (5.9%) 22 (9.9%)
Visit 6 18 (8.1%) 19 (8.5%)
Visit 7 25 (11.3%) 23 (10.3%)
Visit 8 (primary outcome) 15 (6.8%) 13 (5.8%)

To address the issue of missing data, we additionally performed linear mixed model 
analyses for our primary outcome, as well as for secondary analyses; phase I and 
phase II. We performed multiple imputation on the primary outcome. Twenty-
eight UPDRS scores were missing at 80 weeks (15 in the early start group, 13 in the 
delayed start group). Baseline age, disease duration, UPDRS scores, study group, 
and gender were included as covariates in the imputation model. None of these 
covariates had missing values. The imputation was therefore only confined to the 
missing UPDRS scores at 80 weeks. Twenty datasets were created. Subsequently, 
a t-test was performed to assess the difference between the groups in change from 
baseline to 80 weeks in UPDRS scores.
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Figure S1. Unified Parkinson’s Disease Rating Scale scores of patients that followed the study 
per protocol.
Per-protocol analysis, mean (±95% CI) UPDRS scores for each study group. Bars indicate 
95% CI.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function. activities of daily living, and motor function, with higher scores indicating 
more severe disease).1

Figure S2. AMC Linear Disability Scale scores.
Intention-to-treat analysis, mean (±95% CI) ALDS scores for each study group. Bars indicate 
95% CI.
ALDS = AMC Linear Disability Scale (0 to 100, lower scores indicate more disability).2

3
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Figure S3. Scores of patients in the highest quartile of baseline UPDRS scores that followed 
the study per protocol.
Per-protocol analysis, mean (±95% CI) UPDRS scores for each study group. Bars indicate 
95% CI.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1
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End point Early-start 
group

Delayed-start 
group

Difference between 
mean scores (95% CI)

Estimated means (±SE) UPDRS 
scores at 80 weeks for early (n=207) 
and delayed-start (n=210) groups, 
ANCOVA*

27.3±0.9 26.7±0.9 0.6 (-1.8 to 3.0)

Estimated means (±SE) UPDRS scores 
at 80 weeks for early (n=222) and 
delayed-start (n=223) groups, linear 
mixed model†

27.2±0.9 27.5±0.9 -0.3 (-2.8 to 2.1)

Follow-up difference in mean (±SE) 
UPDRS scores between baseline 
and 80 weeks for early (n=222) and 
delayed-start (n=223) groups, after 
imputation,‡ two-group t-test

-1.2±0.9 -2.0±0.9 0.8 (-1.7 to 3.3)

Table S1. Additional intention-to-treat analyses of primary outcome.
* ANCOVA analyses were performed including UPDRS-score at 80 weeks as the dependent 
variable and including study group and baseline UPDRS scores as independent variabele/ 
covariate.
† The linear mixed model on UPDRS-score included study group, time (baseline, 4, 22, 40, 44, 
56, 68, 80 weeks), and an interaction between these two. Dependency of repeated measures was 
taken into account by including a random intercept for each patient and maximum likelihood 
was used as the estimation method.
‡ Multiple imputation was used and 28 missing UPDRS scores were imputed at 80 weeks 
using baseline age, disease duration, UPDRS-score, study group, and gender as variables in 
the imputation model (20 datasets were created).
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1

3
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End point * Early-start group Delayed-start group Difference between
mean scores (95% CI)

Estimated means (±SE) UPDRS 
scores at 80 weeks
university medical center
non-university medical center

28.3±1.6 (n=57)
26.9±1.0 (n=150)

27.6±1.5 (n=63)
26.3±1.1 (n=147)

0.7 (-3.6 to 5.0)
0.6 (-2.3 to 3.5)

Estimated means (±SE) UPDRS 
scores at 80 weeks 
age < 65
age ≥ 65, ANCOVA*

23.5±1.2 (n=87)
30.0±1.2 (n=120)

24.3±1.2 (n=92)
28.5±1.2 (n=118)

-0.8 (-4.2 to 2.6)
1.5 (-1.8 to 4.8)

Estimated means (±SE) UPDRS 
scores at 80 weeks
symptom duration < 0.5 year
symptom duration ≥ 0.5 year

23.9±2.6 (n=22)
27.7±0.9 (n=185)

26.8±2.6 (n=22)
26.6±0.9 (n=188)

-2.9 (-10.3 to 4.4)
1.1 (-1.4 to 3.6)

Table S2. Subgroup analyses by type of hospital, age, and symptom duration.
* ANCOVA analyses were performed including UPDRS score at 80 weeks as the dependent 
variable and including either type of hospital, age, or symptom duration, in addition to 
study group and baseline UPDRS scores as independent variables/covariate. We tested 
for interaction between study group and either type of hospital, age, or symptom duration. 
Interaction terms were not significant. We report the difference between mean scores (95% 
CI) of the study groups for either type of hospital, age, and symptom duration using separate 
models for each category of these variables (ANCOVA including UPDRS score at 80 weeks 
as the dependent variable, study group as independent variable and baseline UPDRS scores 
as covariate).
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1
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End point Early-start 
group

Delayed-start 
group

Difference between 
mean scores (95% CI)

Change from baseline to 80 weeks in mean 
(±SD) UPDRS scores for early (n=149) 
and delayed-start (n=103) groups

-2.3±11.7 -1.4±12.0 -0.9 (-3.8 to 2.1)

Estimated means (±SE) UPDRS scores at 
80 weeks for early (n=149) and delayed-
start (n=103) groups, ANCOVA*

23.9±0.9 25.1±1.1 -1.1 (-3.9 to 1.6)

Estimated means (±SE) UPDRS scores at 
80 weeks for early (n=149) and delayed-
start (n=103) groups, linear mixed model†

23.8±0.9 25.3±1.1 -1.5 (-4.4 to 1.3)

Progression of symptoms (increase of 
UPDRS score per week) for early (n=149) 
and delayed- start (n=103) groups between
- Weeks 4 and 40 (mean, ±SD)‡
- Weeks 44 and 80 (mean, ±SD)§

0.01±0.23 
0.10±0.22

0.14±0.28 
0.02±0.28

-0.13 (-0.19 to -0.07)
0.09 (0.04 to 0.13)¶

Table S3. Additional per protocol analyses.
* ANCOVA analyses were performed including UPDRS score at 80 weeks as the dependent 
variable and including study group and baseline UPDRS scores as independent variable/
covariate.
† The linear mixed model on UPDRS score included study group, time (baseline, 4, 22, 40, 44, 
56, 68, 80 weeks), and an interaction between these two. Dependency of repeated measures was 
taken into account by including a random intercept for each patient and maximum likelihood 
was used as the estimation method.
‡ The linear mixed model on UPDRS score in phase 1 included study group, time (4, 22, 40 
weeks), and an interaction between these two. Dependency of repeated measures was taken 
into account by including a random intercept for each patient and maximum likelihood was 
used as the estimation method.
§ The linear mixed model on UPDRS score in phase 2 included study group, time (44, 56, 
68, 80 weeks), and an interaction between these two. Dependency of repeated measures was 
taken into account by including a random intercept for each patient and maximum likelihood 
was used as the estimation method.
¶ Because of non-inferiority testing using a significance level of 0.05 a two-sided 90% CI is 
reported.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1

3

175681_Verschuur_BNW-proef V3.indd   57175681_Verschuur_BNW-proef V3.indd   57 06-02-2025   11:0606-02-2025   11:06



58 

CHAPTER 3

End point Early-start 
group (n=38)

Delayed-start 
group (n=28)

Difference 
between mean 
scores (95% CI)

Change from baseline to 80 weeks in 
mean (±SD) UPDRS scores

-8.7±13.1 -5.6±13.5 -3.1 (-9.7 to 3.5)

Estimated means (±SE) UPDRS scores at 
80 weeks, ANCOVA*

31.8±2.0 35.4±2.3 -3.6 (-9.7 to 2.5)

Estimated means (±SE) UPDRS scores at 
80 weeks, linear mixed model†

31.8±1.6 35.5±1.9 -3.7 (-8.6 to 1.2)

Progression of symptoms (increase of 
UPDRS score per week) between
- Weeks 4 and 40 (mean, ±SD)‡
- Weeks 44 and 80 (mean, ±SD)§

-0.08±0.29
0.09±0.30

0.18±0.29
-0.01±0.28

-0.26 (-0.39 to -0.13)
0.9 (-0.01 to 0.20)¶

Table S4. Additional per-protocol analyses for patients in highest quartile of UPDRS scores 
at baseline.
* ANCOVA analyses were performed including UPDRS score at 80 weeks as the dependent 
variable and including study group and baseline UPDRS scores as independent variable/
covariate.
† The linear mixed model on UPDRS score included study group, time (baseline, 4, 22, 40, 44, 
56, 68, 80 weeks), and an interaction between these two. Dependency of repeated measures was 
taken into account by including a random intercept for each patient and maximum likelihood 
was used as the estimation method.
‡ The linear mixed model on UPDRS score in phase 1 included study group, time (4, 22, 40 
weeks), and an interaction between these two. Dependency of repeated measures was taken 
into account by including a random intercept for each patient and maximum likelihood was 
used as the estimation method.
§ The linear mixed model on UPDRS score in phase 2 included study group, time (44, 56, 
68, 80 weeks), and an interaction between these two. Dependency of repeated measures was 
taken into account by including a random intercept for each patient and maximum likelihood 
was used as the estimation method.
¶ Because of non-inferiority testing using a significance level of 0.05 a two-sided 90% CI is 
reported.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1
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End point Early-start 
group (n=207)

Delayed-start 
group (n=210)

P value*

Dyskinesia at 80 weeks measured with items 32 to 35 of 
UPDRS part IV, number (%)

UPDRS item 32. What proportion of the waking day are 
dyskinesias present?
None
1-25%
26-50%
51-75%
76-100%

UPDRS item 33. How disabling are the dyskinesias?
Not disabling
Mildly disabling
Moderately disabling
Severely disabling
Completely disabled

UPDRS item 34. How painful are the dyskinesias?
No painful dyskinesias
Slight
Moderate
Severe
Marked

UPDRS item 35. Presence of Early Morning Dystonia
No
Yes

187 (90.3)
16 (7.7)
4 (1.9)
0 (0)
0 (0)

204 (98.6)
2 (1.0)
1 (0.5)
0 (0)
0 (0)

203 (98.1)
2 (1.0)
2 (1.0)
0 (0)
0 (0)

142 (68.6)
65 (31.4)

185 (88.1)
21 (10.0)
2 (1.0)
1 (0.5)
1 (0.5)

209 (99.5)
0 (0)
1 (0.5)
0 (0)
0 (0)

209 (99.5)
0 (0)
1 (0.5)
0 (0)
0 (0)

151 (71.9)
59 (28.1)

0.46

0.31

0.17

0.46

Table S5. Motor complications at 80 weeks
* P values based on chi-squared test. Considering empty cells, we dichotomized the UPDRS 
items into those experiencing the symptom versus those not experiencing the symptom.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1

3
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Table S5 continued

End point Early-start 
group (n=207)

Delayed-start 
group (n=210)

P value*

Levodopa-induced motor response fluctuations at 80 
weeks, items 36 to 39 of the UPDRS part IV, number 
(%)

UPDRS item 36. Are “off” periods predictable?
No
Yes

UPDRS item 37. Are “off” periods unpredictable?
No
Yes

UPDRS item 38. Do “off” periods come on suddenly, 
within a few seconds?
No
Yes

UPDRS item 39. What proportion of the waking day 
is the patient “off” on average?
None
1-25% of day
26-50% of day
51-75% of day
76-100% of day

192 (92.8)
15 (7.2)

202 (97.6)
5 (2.4)

199 (96.1)
8 (3.9)

186 (89.9)
18 (8.7)
1 (0.5)
2 (1.0)
0 (0)

193 (91.9)
17 (8.1)

204 (97.1)
6 (2.9)

207 (98.6)
3 (1.4)

188 (89.5)
20 (9.5)
1 (0.5)
1 (0.5)
0 (0)

0.74

0.78

0.12

0.91

Table S5. Motor complications at 80 weeks
* P values based on chi-squared test. Considering empty cells, we dichotomized the UPDRS 
items into those experiencing the symptom versus those not experiencing the symptom.
UPDRS = Unified Parkinson’s Disease Rating Scale (0 to 176 points and includes subscales of 
mental function, activities of daily living, and motor function, with higher scores indicating 
more severe disease).1
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End point Early-start group Delayed-start group
Patients asked at week 4 (%)
	 Correct assumption
	 Wrong assumption
	 Did not know
Patients asked at week 44 (%)
	 Correct assumption
	 Wrong assumption
	 Did not know

61 (28.5)
59 (27.6)
94 (43.9)

79 (38.4)
68 (33.0)
59 (28.6)

121 (54.8)
18 (8.1)
82 (37.1)

149 (74.5)
22 (11.0)
29 (14.5)

Table S6. Patients’ assumption regarding allocation.

3
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A B S T R AC T

Background	� In the Levodopa in EArly Parkinson’s disease (LEAP) study, 445 
patients were randomized to levodopa/carbidopa 100/25 mg three 
times per day for 80 weeks (early-start) or placebo for 40 weeks 
followed by levodopa/carbidopa 100/25 mg three times per day for 
40 weeks (delayed-start).

Objective	 This paper reports the results of the economic evaluation performed  
	 alongside the LEAP study.

Methods	� Early-start treatment was evaluated versus delayed-start treatment, 
in which the cost-effectiveness analysis (CEA) and the cost-utility 
analysis (CUA) were performed from the societal perspective, 
including health care costs among providers, non-reimbursable out-
of-pocket expenses of patients, employer costs of sick leave, and 
lowered productivity while at work. The outcome measure for the 
CEA was the extra cost per unit decrease on the Unified Parkinson’s 
Disease Rating Scale 80 weeks after baseline. The outcome measure 
for the CUA was the extra costs per additional quality adjusted life 
year (QALY) during follow-up.

Results	� 212 patients in the early-start and 219 patients in the delayed-start 
group reported use of health care resources. With savings of €59 per 
patient (BCa 95% CI: -829, 788) in the early-start compared to the 
delayed-start group, societal costs were balanced. The early-start 
group showed a mean of 1.30 QALYs (BCa 95% CI: 1.26, 1.33) versus 
1.30 QALYs (BCa 95% CI: 1.27, 1.33) for the delayed-start group. 
Because of this negligible difference, incremental cost-effectiveness 
and cost-utility ratios were not calculated.

Conclusion	� From an economic point of view, this study suggests that early 
treatment with levodopa is not more expensive than delayed 
treatment with levodopa.
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I N T RO D U C T I O N

In the randomized delayed-start Levodopa in EArly Parkinson’s disease (LEAP) 
study, levodopa/carbidopa 100/25 mg three times per day had a beneficial effect on 
symptoms in early Parkinson’s disease (PD) without a disease-modifying impact in 
the follow-up period of 80 weeks.1 Considering the absence of a difference in side 
effects at the end of the follow-up period and the low costs of levodopa, these results 
leave room for answering the question whether the start of treatment with levodopa 
in early PD may be cost-effective. If so, this would be an argument in favor of starting 
levodopa early after the diagnose has been made.

This paper reports the results of the economic evaluation that was performed 
alongside the LEAP study. The cost-effectiveness (CEA) and cost-utility (CUA) 
analyses can be used in support of health care policy stakeholders to set treatment 
priorities, respectively to allocate scarce resources to distinct disease populations, 
diagnostic and interventional strategies, and health care sectors.

M ET H O DS

General design
To separate possible disease-modifying effects from the direct symptomatic effect of 
levodopa, a multi-center, randomized delayed-start, double-blind placebo-controlled 
trial design was used. Patients with early PD whose functional health did not yet 
warrant initiation of PD-medication were randomized to either 80 weeks of treatment 
with levodopa/carbidopa 100/25 mg three times per day (early-start group) or to 40 
weeks placebo followed by levodopa/carbidopa 100/25 mg three times per day for 
40 weeks (delayed-start group). A total of eight study-visits were performed. To be 
able to detect a minimal clinically important difference of four points on the Unified 
Parkinson’s Disease Rating Scale (UPDRS)2 at 80 weeks, 446 patients needed to 
be included.3 This prospective study was approved by the Amsterdam University 
Medical Centers Institutional Ethics Committee under number 2011_057.

Early levodopa treatment was economically evaluated versus delayed-start levodopa 
as the current standard of care in patients of the LEAP study, where CEA and CUA 
were performed from the societal perspective. The societal perspective included the 
health care costs among providers, the non-reimbursable out-of-pocket expenses of 
patients, and the employer costs of sick leave from work (‘absenteeism’) and lowered 
productivity while at work (‘presenteeism’). As the UPDRS is frequently used in PD 
trials to assess treatment efficacy, the extra cost per unit decrease on the UPDRS 80 
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weeks after baseline was chosen as the CEA outcome measure. The extra costs per 
additional quality adjusted life year (QALY) during follow-up was chosen as the CUA 
outcome measure. The time horizon was restricted to the planned period of clinical 
follow-up of 80 weeks as patients from the early and delayed-start groups clinically 
did not differ significantly at this point, and no marked differences in resource use 
could be observed during the last half year of follow-up. Therefore, projections from a 
lifetime perspective based on modelling of the future disease course were considered 
obsolete. With a horizon of more than one year, the costs and effects during the 
weeks that fell in the second year of follow-up were discounted against 4% and 1.5% 
respectively – these yearly discount rates are common in Dutch health care research.

Cost components and resources
We included the health care costs of (a) levodopa treatment, including pharmacy 
delivery costs, (b) consultations by the neurologist, psychiatrist, rehabilitation 
specialist, general practitioner, company physician, emergency care, psychologist, 
Parkinson nurse, physiotherapist, occupational therapist, speech therapist, and social 
worker, (c) hospital day care treatment or inpatient stay, (d) institutionalized care 
other than hospitals, like a nursing home or rehabilitation center, (e) formal home 
care, and (f) devices supporting a patient’s autonomy, like walking aids or an adjusted 
telephone. Out-of-pocket expenses concerned over-the-counter medication for extra, 
private help and adaptations at home. Questionnaires were used to collect data 
regarding the impact of early levodopa treatment on sickness leave from work. Both 
work absenteeism and presenteeism were questioned to be able to study productivity 
losses.

Measurements took place at weeks 22, 40, 56, 68 and 80. The recall period in the 
questionnaires was four weeks. The results were generalized to the period in-
between successive measurements by multiplying the reported data with the length 
of the preceding time interval in weeks divided by four. Whether this led to an 
over- or underestimation was qualitatively assessed by a separate question on the 
representativeness at the individual patient level of the use of resources during 
the recall period being substantially below, somewhat below, somewhat above or 
substantially above average.

Unit costs and costing
Unit costing was done in accordance with the most recent Dutch guideline on costing 
in health care research.4 Units of volume measurement and unit costs are shown 
in Table 1. All unit costs were expressed for the reference year 2017 after price-
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indexing with general consumer price-index figures for the Netherlands, if sources 
with different base years were used.

Resource Unit Unit costs in 2017 
euros*

Source

Levodopa
Monthly costs
Pharmacy costs

standard dose
delivery

11.40
6.37

www.medicijnkosten.nl
Menzis

Consultations
Neurologist
Psychiatrist
Rehabilitation specialist
General practitioner
Company physician
Emergency care
Psychologist
Parkinson nurse
Physiotherapist
Occupational therapist
Speech therapist
Social worker

visit
visit
visit
visit
visit
visit
visit
visit
visit
visit
visit
visit

101.28
96.16
156.52
33.76
45.84
264.98
96.16
66.50
33.76
33.76
30.69
66.50

DCM-2015
DCM-2015
DCM-2015
DCM-2015
DCM-2015/ expert opinion
DCM-2015
DCM-2015
DCM-2015
DCM-2015
DCM-2015
DCM-2015
DCM-2015

Out-of-pocket expenses
Over-the-counter medication
Private home help

mean monthly costs
mean monthly costs

reported
reported

patient
patient

Productivity loss hour 35.55 DCM-2015

Table 1. Dutch unit costs (€) for resources used.
DCM: Dutch Costing Manual for health care research.
* After price-indexing, based on yearly general consumer price indices for the Netherlands

The costs of levodopa/carbidopa treatment were based on prototyping, assuming an 
overall mean 100/25 mg three times per day dose per patient, including pharmacy 
dispensing fees depending on the mean total length of drug use during the follow-
period per study group, starting with a higher fee for a first prescription and lower 
fees for each subsequent one at quarterly intervals. Unit costs for a consultation of 
the Parkinson nurse-specialist were aligned with unit costs of a social worker. Out-
of-pocket expenses were gathered as reported by patients as monthly averages at the 
time of completion of the questionnaire.

In order to quantify productivity losses resulting from absenteeism and from 
presenteeism at work, we first determined the number of daily working hours for each 
patient with a paid job. Absenteeism was costed by multiplying the number of days 
absent from work with the patient’s daily working hours. In case of presenteeism the 
score between 0 (could not do the work at all) and 10 (worked us usual) was used to 

4
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derive the patient’s daily working hours lost. The elasticity between hours absent and 
productivity is implicitly included in the valuation in Table 2. In case of sick leave, the 
average unit costs per lost working hour were taken, irrespective of age and sex. Costs 
were calculated as the sum of products of the volumes of resources used and their 
respective unit costs. Volumes of resource use and the costs are reported separately.

Patient outcomes
EQ-5D-3L health status data were gathered at baseline and at weeks 22, 40, 56, 68 and 
80.5 The health utility of each EQ-5D health status scoring profile was determined 
by applying the available Dutch valuation algorithm.6 The algorithm was based on 
the time trade-off elicitation technique of health state preferences during interviews 
with adults from the general population. The number of QALYs a patient generated 
during the 80 weeks of follow-up was determined by interpolation between 
successive measurements and taking the area under the curve as the best estimate, 
weighted for the lengths of the periods between measurements and accounting for 
periods with utilities below zero. If only one of two neighboring measurements 
was available, no interpolation was performed and the available measurement was 
considered to represent the interpolated value. Because of the weighting by period 
length, this approach effectively restores interpolation for each triple of successively 
planned measurements of which the middle one is missing. Only in case of two non-
available successive measurements interpolated data were missing. The patients’ final 
scores were calculated by taking the weighted mean of available period scores. The 
maximum number of QALYs a patient could generate during 80 weeks of follow-up 
was 80/52.175 or 1.533 (undiscounted), or 79.58/52.175 or 1.525 (discounted).

Analyses
The health economic analyses were based on the intention-to-treat analysis data set. 
Results on costs, patient outcomes and differences between treatment groups are 
reported along with bias-corrected and accelerated 95% confidence intervals (BCa 
95% CI). These confidence intervals were derived by drawing 2,500 samples of the 
same size as the original samples and with replacement, stratified by treatment group, 
academic versus non-academic hospital, age below or at least 65 years, and symptom 
duration shorter than or at least six months. P-values for differences by types of 
resources used are not reported, as p-values for the corresponding costs are identical.

No incremental cost-effectiveness and cost-utility ratios were calculated for the extra 
costs per extra unit decrease in UPDRS score or the extra costs per additional QALY. 
Both health outcome measures showed a near zero absolute difference between the 
study groups – see Results. Consequently, incremental analyses easily render into 
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positive or negative infinity, leaving the health care policy maker and the interested 
medical professional in doubt whether early levodopa treatment should be regarded 
as respectively an inefficient or efficient alternative to delayed-start treatment. This 
could be overcome if a substantial cost difference was to be observed with a clear 
preference for one strategy over the other. In absence of a disease modifying effect 
of levodopa however, the hopes of observing such contrast were low.

R E S U LT S

Patients
In the LEAP study, 445 patients were assessed at baseline after initial enrolment, 
with 222 and 223 patients randomly assigned to the early-start, respectively delayed-
start group. The CONSORT flow-diagram and descriptions of the demographic and 
baseline clinical characteristics of patients are reported elsewhere with the study 
groups showing similar profiles at baseline.1

Resources use and costs
Use of health care resources was reported by 212 patients in the early-start group 
and 219 patients in the delayed-start group. The other 14 patients did not complete 
any questionnaire on health resource use during follow-up and were considered 
drop-outs for the cost analyses. Including drop-out, data were missing for 51 of 1110 
originally planned periods (4.59%, or 4.05% of person-years of follow-up) in the early-
start and for 35 of 1115 originally planned periods (3.14%, or 2.67% of person-years of 
follow-up) in the delayed-start group. Between 96.3% and 98.6% of patients at the 
successive measurements over time indicated that the use of resources during the 
recall period of the latest four weeks was similar to the preceding period.

Table 2 shows the mean use of resources by study group. Table 3 shows the 
corresponding costs. Tables 2 and 3 do not contain data on inpatient stays at a hospital 
ward, rehabilitation center or nursing home, because admissions in this cohort were 
rare, which is expected in early PD. Informal care from neighboring care givers was 
also still limited in scale. Walking aids and adjusted telephones too yet had to become 
popular in use.

4
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Early
treatment

Delayed treatment Difference*
early minus delayed

(Nmax=212) (Nmax=219)
Mean volume
(BCa 95% CI)

Mean volume
(BCa 95% CI)

Mean volume†
(BCa 95% CI)

Health care
Levodopa see text see text see text
Neurologist 3.5 (3.0, 4.1) 4.3 (3.7, 5.0) -0.8 (-1.6, 0.0)
Psychiatrist 0.1 (0.0, 0.3) 0.2 (0.0, 0.5) -0.1 (-0.4, 0.2)
Rehabilitation specialist 0.2 (0.1, 0.3) 0.6 (0.3, 1.0) -0.4 (-0.9, 0.0)
General practitioner 1.4 (1.0, 1.8) 1.7 (1.2, 2.2) -0.3 (-1.0, 0.4)
Company physician 0.6 (0.3, 0.9) 0.6 (0.3, 0.9) -0.0 (-0.4, 0.4)
Emergency care 0.0 (0.0, 0.1) 0.1 (0.0, 0.2) -0.1 (-0.2, 0.0)
Psychologist 0.8 (0.4, 1.2) 1.1 (0.7, 1.6) -0.4 (-1.0, 0.3)
Parkinson nurse 1.7 (1.3, 2.0) 2.2 (2.6, 3.3) -0.5 (-1.2, 0.1)
Physiotherapist 26.1 (21.2, 31.3) 33.3 (28.6, 38.3) -7.3 (-14.5, -0.2)
Occupational therapist 1.0 (0.5, 1.4) 2.7 (1.6, 3.8) -1.8 (-3.3, -0.4)
Speech therapist 0.7 (0.3, 1.1) 1.7 (0.9, 2.6) -1.1 (-2.0, -0.1)
Social worker 0.5 (0.2, 0.9) 1.0 (0.4, 1.7) -0.5 (-1.4, 0.3)
Productivity loss in hours
Absenteeism 25.7 (15.3, 37.4) 11.3 (5.9, 18.0) 14.4 (1.8, 27.8)
Presenteeism 15.2 (9.6, 21.3) 16.1 (8.7, 25.2) -1.0 (-11.4, 9.3)

Table 2. Mean use of resources by treatment group.
* Differences rounded to zero keep their sign.
† P-values are reported in Table 3.

Patients in the early-start group used levodopa for the full length of the follow-up 
period of 80 weeks. In the delayed-start group, 61% of patients started treatment in 
week 41; 17.9% already started with levodopa treatment between weeks 22 and 40 and 
were assumed to be on treatment for an average of 49 weeks; 21.1% already started 
with levodopa between weeks 4 and 22 and were assumed to be on treatment for an 
average of 64 weeks.

Patients in both treatment groups received most attention from the neurologist, 
Parkinson nurse, general practitioner, occupational therapist, psychologist, and, most 
dominantly, the physiotherapist. Patients in the delayed-start group more often visited 
the physiotherapist (28%), occupational therapist, speech therapist, neurologist, 
Parkinson nurse, and social worker. This was the main reason that the mean health 
care costs (Table 3) were lower in the early-start group, saving on average €517 
(undiscounted, P=0.017; discounted, €512 saved) per patient, despite the €105 higher 
levodopa drug costs in this group. The out-of-pocket expenses by patients for over-
the-counter medication and extra help at home were limited in this relatively healthy 
Parkinson population and were similar for both study groups.
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Early
treatment

Delayed treatment Difference*
early minus delayed

(Nmax=212) (Nmax=219)
Mean costs (euro’s)
(BCa 95% CI)

Mean costs (euro’s)
(BCa 95% CI)

Mean costs (euro’s)
(BCa 95% CI; p-value)

Health care 1888 (1676, 2102) 2405 (2099, 2779) -517 (-1007, -118; 0.017)
Discounted 1863 (1651, 2076) 2375 (2074, 2743) -512 (-998, -118; 0.016)
Levodopa 257 151 105
Neurologist 357 (303, 415) 439 (375, 510) -82 (-167, 5; 0.071)
Psychiatrist 12 (4, 22) 18 (2, 45) -6 (-40, 18; 0,72)
Rehabilitation specialist 28 (8, 54) 91 (40, 157) -62 (-143, 1; 0.13)
General practitioner 46 (33, 60) 56 (41, 74) -10 (-34, 12; 0.38)
Company physician 28 (15, 42) 28 (16, 44) -1 (-21, 19; 0.96)
Emergency care 9 (0, 19) 34 (12, 62) -25 (-57, 5; 0.12)
Psychologist 73 (34, 119) 107 (63, 158) -34 (-100, 33; 0.36)
Parkinson nurse 111 (88, 135) 146 (115, 178) -35 (-80, 8; 0.11)
Physiotherapist 880 (716, 1,057) 1125 (965, 1293) -246 (-489, -8; 0.047)
Occupational therapist 30 (15, 46) 89 (54, 130) -60 (-111, -14; 0.025)
Speech therapist 20 (9, 33) 52 (29, 81) -32 (-63, -4; 0.039)
Social worker 36 (15, 63) 67 (29, 115) -31 (-91, 20; 0.26)
Out-of-pocket expenses 36 (18, 60) 55 (27, 88) -19 (-64, 22; 0.39)
Discounted 35 (18, 59) 55 (26, 88) -19 (-63, 22; 0.38)
Over-the-counter drugs 20 (9, 38) 14 (7, 22) 6 (-9, 26; 0.52)
Private help 16 (6, 30) 42 (14, 74) -25 (-70, 10; 0.21)
Productivity loss 1453 (958, 2014) 976 (585, 1445) 477 (-195, 1169; 0.18)
Discounted 1439 (951, 1992) 968 (580, 1433) 472 (-192, 1157; 0.18)
Absenteeism 914 (544, 1329) 402 (211, 639) 512 (65, 987; 0.046)
Presenteeism 539 (342, 757) 574 (309, 897) -35 (-405, 330; 0.86)
Societal costs 3377 (2819, 4008) 3436 (2889, 4052) -59 (-829, 788; 0.89)
Discounted 3338 (2787, 3957) 3397 (2856, 4004) -59 (-821, 782; 0.89)

Table 3. Mean costs by treatment group.
* Differences rounded to zero keep their sign.

At baseline, 24% indicated to have a paid regular job (early-start group: 23.9%; delayed-
start group: 24.2%). More patients in the early-start group (N=24; 10.8%) worked as 
an entrepreneur, compared with the delayed-start group (N=9; 4%). Patients in the 
early-start group generated 14.4 hours more productivity losses due to absenteeism 
than patients in the delayed-start group during the follow-up period 80 weeks. These 
extra two days of absence from work were averaged over all patients, meaning that 
the difference in the subpopulation with paid employment may be about 6 extra 
working days of productivity lost during 80 weeks of follow-up. On average, the 
costs of productivity loss because of absenteeism were €512 (undiscounted, P=0.046) 
higher in the early-start group. The costs of productivity losses due to presenteeism 
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were similar for the two groups. The societal costs of early-start levodopa were similar 
to the costs of delayed-start levodopa: –€59 (P=0.89) per patient.

Health outcomes
Total UPDRS-scores at 80 weeks were available for 207 patients in the early-start 
group and 210 patients in the delayed-start group. The mean total UPDRS-score was 
26.97 (BCa 95% CI: 25.10, 28.88) in the early-start group and 27.00 (BCa 95% CI: 25.11, 
28.87) in the delayed-start group, a non-significant difference of -0.04 (BCa 95% CI: 
-2.76, 2.74; P=0.99).

QALY scores for the follow-up period of 80 weeks could be calculated for all patients. 
Patients in the early-start group generated a weighted mean of 1.30 (BCa 95% CI: 
1.26, 1.33) QALYs during follow-up versus 1.30 (BCa 95% CI: 1.27, 1.33) QALYs for 
patients in the delayed-start group, the difference of 0.00 (BCa 95% CI: 0.05, 0.04; 
P=0.89) QALYs being negligible. The discounted QALY results were quite identical 
(not shown).

D I S C U S S I O N

In the LEAP study, there was no significant between-group difference on the UPDRS 
at week 80 between the early- and delayed-start groups. In the current sub-study, the 
societal costs were well balanced between the groups and no difference in QALYs 
was observed. From a strict economic point of view, early-start treatment with low 
dose levodopa in early PD can neither be regarded as a more, nor as a less efficient 
intervention than delayed-start treatment. When only the costs were studied for 
resources used after the first year of follow-up up to week 80 in a confirmatory 
sensitivity analysis, the differences between the study groups shrank disproportionally, 
and tended towards an even smaller range of differences in costs – from savings of 
€65 for physiotherapy in favor of the early-start group (€181 in the first year) to 
respectively extra costs of €89 due to absenteeism from work (€423 in the first year) 
for the early-start group. Discounting the costs generated during the final 28 out of 
80 weeks of the observation period did not influence the interpretation of the data.

On average, the delayed treatment group showed a higher use of physiotherapy 
per patient during the 80 weeks of follow-up than the early treatment group with a 
relative increase in the number of visits by 28% (95% CI 1% – 56%). If staff capacity 
is limited, early treatment may be part of a lean management strategy.
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Because of the recall period of four weeks, which was chosen to mitigate a recall bias 
as much as possible, differences between groups could possibly have been amplified 
during longer intervals between measurements, despite the study being randomised 
and thus equally distributing any errors in measurements. However, the most direct 
impact of intermittent measurement over time with multipliers to achieve full 
coverage of the calendar period is the widening of the confidence interval of between-
group differences. As a result, fewer between-group differences will be detected, if 
present – qualifying the approach as conservative. More measurements could have 
been done to minimize this conservatism, but because of the risk of attrition bias, only 
the minimum number of measurements necessary to be able to perform the primary 
clinical analysis were done. Further, more measurements would have meant more 
costs, which might have been problematic since the LEAP study was an investigator-
initiated trial on a relatively tight budget.

The fact that the early-start group included relatively more patients that were 
entrepreneurs (self-employed) among the patients with a paid job – which can only 
be explained by the randomization being unbalanced in this respect – might have 
affected the study results in favor of delayed treatment. If so, an explanation for 
this could be that when a somewhat higher labour participation of entrepreneurs 
is assumed, PD symptoms could possibly negatively influence the productivity in a 
relatively earlier stage than when having a lower labour participation. An explanation 
for this could be that entrepreneurs will not be able to work those extra hours or 
have earlier problems with combining work with appointments with a doctor or 
physiotherapist. A related explanation could be that entrepreneurs are by definition 
more focused on their productivity, which might result in a recall bias with a higher 
reported rate of absenteeism. However, patient numbers were too small for a thorough 
exploratory post-hoc subgroup analysis.

The observation that 39% of the patients in the delayed start-group started with 
levodopa in the placebo-controlled first 40 weeks could have resulted in reducing a 
difference between the early-start and delayed-start group. Per protocol, starting with 
levodopa in the first 40 weeks was allowed when patients experienced limitations 
in functional health. This closely resembles the way patients are treated in clinical 
practice. It further demonstrates that while ‘starting early’ is possible by indication, it 
is not predetermined how much early one actually will have started at the individual 
patient level.

From an economic point of view, this study suggests that early treatment with 
levodopa is not more expensive compared to delayed treatment with levodopa, but 
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also, that the clinically relevant effect of a low levodopa dose is not accompanied by 
a net reduction of costs, therefore seemingly not influencing the clinical decision 
whether to start early or later after diagnosis of PD. However, as treatment with 
levodopa is inexpensive, and patients in the early start-group showed improvement 
of symptoms and health-related quality of life and did not have a different side-effects 
profile at the end of the study,1 there are more arguments in favor of than against 
starting with levodopa early after diagnosis of PD. Furthermore, as patients in our 
study necessarily had insufficient disability to warrant treatment with Parkinson 
medication, it is possible that early treatment simply could not improve the capacity 
to work – consequently limiting the possibility of showing cost-effectiveness of early 
treatment with levodopa.

Although the possible typically Dutch phenomenon where there is a well-integrated 
network of, for example, physiotherapists for the care of PD-patients, may be 
different from the situation for patients in other, less-developed counties in the world, 
we hypothesize that the results of this study probably can well be extrapolated to 
other countries, as patients in the placebo-controlled first 40 weeks of the study 
showed an improvement in symptoms and disease-related quality of life. To further 
investigate this, costing based on the guidelines of a specific country should be applied 
to our data. Finally, we expect that the unique data presented in this manuscript will 
function as a point of reference for clinicians and policymakers when comparing 
costs of current and future treatments for PD compared to the standard treatment 
with levodopa.
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A B S T R AC T

Introduction	� Organizing and executing a large clinical trial is a complex 
process, and often recruitment targets are not met. We describe the 
organization of the Levodopa in Early Parkinson’s disease (LEAP) 
trial and the results of an external assessment of the recruitment 
process.

Methods	� Several strategies were used to ensure that recruitment for the 
trial was effective and efficient. We analysed patterns in referrals, 
inclusions and non-inclusions to investigate whether there were 
bottlenecks in the referral and inclusion process. For the external 
assessment of the recruitment process the QuinteT Recruitment 
Intervention (QRI–Two) was used retrospectively, focusing on 
finding possible issues impeding recruitment that are less easily 
recognized.

Results	� Recruitment took 57 months, which was 27 months longer than 
initially expected. 6.8% of the estimated eligible patients in the 
Netherlands were included. The number of referrals differed widely 
between participating centers and regions in the Netherlands, with 
the region of the principal study center having the most referrals. 
Reasons of exclusion varied across regions, as in some regions more 
patients already started, wanted to start or did not want to start with 
Parkinson medication compared to other regions.

Discussion	� Executing a large, investigator-initiated clinical trial on a 
limited budget still remains possible by focusing on minimizing 
administrative and organizational procedures. Our study suggests 
that centers with closer institutional ties to a principal study center 
tend to have a higher referral rate. The review of the LEAP trial 
recruitment strategies and data using the QRI-Two suggested that 
the variations in referrals and reasons of non-inclusion could indicate 
the presence of issues related to clinical equipoise, patient eligibility, 
or study presentation. Integrating a recruitment intervention could 
have explored issues with study presentation and equipoise that 
might have increased recruitment efficiency.
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BAC KG RO U N D

Before patient recruitment for a trial can be started, a complex and intensive process 
has preceded: a sound trial plan has to be designed, and a myriad of practical questions 
have to be answered concerning patient recruitment, execution of assessments, 
developing a database, organizing trial and data monitoring, and obtaining funds. 
Unfortunately, recruitment targets are often not met, resulting in an underpowered 
trial or an extended recruitment period, with only partially answered or unanswered 
questions, and a waste of resources. In a Cochrane Review, it was estimated that these 
problems occur in more than 50% of trials,1 and a review of trials funded by two large 
public funding agencies in the United Kingdom showed that only 31% of those trials 
successfully completed their recruitment target.2 Hence, there is a need to learn from 
clinical trials that managed to recruit the desired number of patients and, moreover, 
succeeded in this on a limited budget.

For the motor symptoms of Parkinson’s disease (PD), levodopa is the mainstay of 
therapy because it is very efficacious in relieving symptoms and it is inexpensive.3 
From the 1980’s until the 2010’s, many neurologists tended to delay initiation and 
timely adjustments of levodopa because of concerns that levodopa could be toxic4 – 
although this was never supported by the results of clinical studies – and that an early 
start with levodopa would induce more severe motor fluctuations and dyskinesias 
later.5 Because it is important to know whether levodopa has a disease modifying 
effect in Parkinson’s disease in addition to its symptomatic effect, we initiated the 
Levodopa in Early Parkinson’s disease (LEAP) trial. Trial design and its results have 
been published previously.6,7

In this paper, we describe the organization of the trial, including strategies to tackle 
anticipated recruitment and retainment challenges. In addition, the results of an 
external assessment of the recruitment process are presented.

M ET H O DS

Trial design
To separate possible disease-modifying effects from the direct symptomatic effect of 
levodopa, a multi-center, randomized delayed-start, double-blind placebo-controlled 
trial design was used. Patients with early PD whose functional health did not yet 
warrant initiation of PD-medication were randomized to either 80 weeks of treatment 
with levodopa/carbidopa or to 40 weeks placebo followed by levodopa/carbidopa 
for 40 weeks. A total of eight study visits were necessary to be able to adequately 
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measure progression of symptoms. To be able to detect a minimal clinically important 
difference of 4 points on the Unified Parkinson’s Disease Rating Scale at 80 weeks, 
446 patients needed to be included.6

Inclusion feasibility
Planning for the trial took place in the beginning of 2010. To complete recruitment 
in a reasonable timeframe of a few years, we estimated the number of potentially 
eligible patients in the Netherlands, as this would indicate how many centers were 
needed to refer patients for the trial. In December 2009, the population in the 
Netherlands aged between 55 and 75 numbered 3,541,977 people.8 The incidence 
of parkinsonism in this age group is 2.67 per 1000 per year.9 De Lau and colleagues 
found that 51% of these patients fulfilled the criteria for PD, and of those 61% had 
visited a neurologist.9 In the Netherlands, almost exclusively neurologists diagnose 
PD. Accordingly, we estimated that each year approximately 2,942 patients were 
diagnosed with PD by a neurologist in the Netherlands. In the Comorbidities and 
Aging in Rehabilitation Patients: the influence on Activities (CARPA) study, which 
was initiated to assess the long-term course of functional status in newly diagnosed 
PD patients from outpatient clinics of six non-academic hospitals in the Netherlands, 
31.6% did not use symptomatic treatment at the time of inclusion.10 Based on this 
study, we anticipated that 930 patients would be eligible for the LEAP trial each year 
and that, in 30 months, 446 patients of the estimated 2325 available patients with early 
PD should be included, which is 19.2%. Therefore, all hospitals in the Netherlands 
– also those with general neurologists, usually less prone to participate in studies – 
were asked to help recruiting patients. After approaching about 90 centers in the 
Netherlands by telephone and e-mail in 2010, 62 centers signed the ‘Intention to 
Participate’ Statement (IPS). These centers were spread throughout the Netherlands, 
and consisted of almost all hospitals in the Netherlands. Because in the Netherlands 
PD care almost exclusively takes place in the setting of the outpatient clinic in a 
hospital, the trial could potentially recruit patients from almost the whole country. 
Interestingly, at the time these centers estimated the total number of eligible patients 
at 793 per year. This would imply an inclusion ratio of 22.5% per year.

To verify whether our estimated inclusion ratio was expected to be realistic, we 
also examined other relevant studies. As the TEMPO, ELLDOPA and ADAGIO 
trials all had similar target populations – recruiting patients with early PD in mostly 
western countries in a randomized clinical trial (RCT) using a placebo – these trials 
could be examined to verify whether the projected inclusion ratios of 19.2 and 22.5% 
were realistic.3,11,12 Unfortunately, the ADAGIO and ELLDOPA trial did not report 
the number of referred or screened patients prior to inclusion, and in the TEMPO 
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trial, an inclusion rate of 85,4% was reported – very high for any trial – raising the 
question if there may have been a non-reported preselection of patients. Patients in 
the TEMPO trial furthermore only gave consent for the 26-week trial, and not yet 
to the later added open-label extension of the trial, thus making a known inclusion 
ratio less relevant. Based on the sparse knowledge at hand and the fact that no other 
trial recruited patients from our target population, we expected that an inclusion 
time frame of 30 months was reasonable.

Recruitment and assessment logistics
The trial infrastructure consisted of five regional main study centers strategically 
spread throughout the Netherlands, of which one was the principal study center. At 
each of the five centers a trained research nurse was stationed. When a neurologist 
diagnosing PD thought a patient was eligible, the trial was briefly introduced, printed 
trial information was provided, and permission was asked to send contact information 
to the principal study center. This information consisted of the date of referral, 
name of the referring neurologist and center, a filled in checklist with inclusion and 
exclusion criteria, and the patient’s name, date of birth, address and phone number.

After the contact information was registered at the principal study center, the 
research nurse at the patient’s regional main study center was automatically informed 
by e-mail. Within three working days, the referred patient was contacted by phone 
to answer possible initial questions of the patient, and an appointment was made 
to further explain the trial. All procedures – informing the patient, inclusion, 
randomization and assessments – were performed by the research nurse at the 
patient’s local center or home, and supervised by the researcher in the regional main 
study center. Patients were compensated for travel costs. When an assessment was 
performed in a local center, it only had a facilitating role in providing an outpatient 
clinic room, as all necessary equipment was brought by the research nurse. As a result, 
time investment for referring neurologists was kept minimal, continuity of research 
nurses for patients was guaranteed at a high degree, research nurses could focus on 
the LEAP trial because of the large number of assessments that were scheduled, and 
personnel costs were low. The referring neurologist remained the treating and main 
responsible neurologist for the patient during the study.

Trial awareness and communication
Considerable effort was directed to raising trial awareness before and during the 
trial. The communication strategies primarily targeted neurologists in all centers 
that signed the IPS, since these could refer patients for the trial. All communication, 
management and administrative tasks were executed by the coordinating research 
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nurse at the principal study center, principal investigator, two PhD-students, the 
research nurses at the regional main study centers, and occasional administrative 
help from medical students.

(a)	Before trial initiation
Before starting the trial, the main contact person of a center received a scripted 
phone call to explain the trial, emphasizing that the results of the trial would have 
clinical consequences, and that time investment for checking study eligibility and 
referral was kept to a minimum – having in mind the busy schedule of a general 
neurologist. Answers to questions were prepared beforehand. Six months before 
starting recruitment, a kick-off presentation was given to explain the trial in all 
centers that signed the IPS. During this presentation, it was explained how the trial 
team thought what would be the least confronting method to introduce the trial 
by the neurologist – often very soon after diagnosis: first, it was advised to inform 
the patient that there is a large trial in the Netherlands for patients with early PD 
investigating when to start with PD-medication, and that the neurologist thinks 
the patient could be eligible for the trial. Second, the patient could be asked if they 
consented that contact information was sent to the principal study center in order 
for a research nurse to contact the patient and further explain the trial. Furthermore, 
as the trial team did not budget reimbursements for recruiting neurologists, it was 
explained how the trial team minimized the time and administrative burden for 
participating neurologists, and that the main contact person of referring center was 
included in the LEAP Study Group – and with that in the main article publishing 
the results of the trial. If it was not possible to plan a presentation, the center was not 
allowed to refer patients because of an expected lack of commitment.

Finally, a study website (leapamc.nl) was developed by a professional website 
designer, and accounts at Facebook and Twitter were set up to regularly share trial 
news. Pocket-cards and posters with the inclusion and exclusion criteria and the 
registration process were handed out for the offices in the outpatient clinics of all 
referring centers.

(b)	During the trial
To reraise awareness and receive feedback concerning the logistics of the trial, the 
main contact person of all referring centers was called on a regular basis, asking 
them to keep the trial under the attention of his or her colleagues, how we could 
further accommodate the neurologists at that center, whether there were any issues 
in relation to the clinical follow-up of included patients, and to again explain how 
the trial team thought what would be the best way to introduce the trial.
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Monthly e-mails were sent targeting all participating neurologists to inform about 
the trial progress using a dashboard with an overview of the inclusion progress. Each 
time an important inclusion milestone was met, a newsletter was sent to all referring 
centers, combined with a large cake, pens or mugs – all having the LEAP logo clearly 
visible. Approximately one year after the start of enrollment, all centers that actively 
referred patients were approached for a second presentation to give an update about 
the trial progress and reraise awareness of the trial. Two times, a presentation was 
allowed during the yearly congress of the Dutch Movement Disorders Working 
Group.

(c)	Patients
To bring the trial to the attention of possibly eligible patients with early PD, a 
presentation was given at a large patient congress early in the course of the trial, and 
two lay publications explaining the trial were published in the magazine of the Dutch 
PD patient association. Before initiation of the trial and during the trial, all research 
nurses were trained at several teambuilding meetings on the study procedures during 
the contacts leading up to inclusion of a patient. During these trainings, instructions 
were given about the best, neutral ways to present trial information to an eligible 
patient – having in mind that patients were necessarily asked to participate in a trial 
at an emotionally difficult moment soon after being diagnosed with PD.

Medication logistics
Safe manufacturing, packaging, labelling, storing and shipment of trial medication 
is highly specialized and time-consuming, and administrative demands concerning 
accountability are equally demanding – even for levodopa, the most commonly used 
PD medication for several decades. The trial team contracted ACE Pharmaceuticals 
and ACE Apothecary (Zeewolde, the Netherlands, Good Manufacturing Practice 
accredited) to execute all trial-medication related issues, instead of conventionally 
contracting the pharmacies of all referring centers or those at the main study centers. 
Much time and effort were saved for the trial team in this way, and probably made 
the risk of trial medication-related mistakes smaller. After the digital randomisation 
by a research nurse, an e-mail was automatically generated by the database and sent 
to ACE Pharmaceuticals and ACE Apothecary. Subsequently, the trial medication 
was shipped to the patient’s home. This ensured that the principal study center only 
had one professional partner responsible for all trial medication-related issues.

5
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Medical Ethical Committee-approval
According the Dutch law, Medical Ethical Committee approval was obtained at the 
principal study center. As neurologists only referred patients for the trial, the Medical 
Ethical Committees of just the four other regional main study centers had to approve 
local execution of the trial; all referring centers were given notice of this mode of 
conduct with a standard letter.

Trial funding
To cover the costs of executing this investigator-initiated trial, a total of about one 
million Euro was obtained from The Netherlands Organization for Health Research 
and Development (Dutch governmental fund for health research, project number 
0-82310-97-11031, approximately EUR 660,000), Stichting Parkinsonfonds, Stichting 
Parkinson Nederland (both Dutch charitable funding organization for PD research), 
and Parkinson Vereniging (Dutch patient organization). Trial medication in the 
first 42 weeks of the trial costed approximately EUR 250,000; a large part of other 
expenses went to the research nurses’ salaries. Funding for the research nurses in 
the five main study hospitals was provided on the basis of included patients. Thus, 
per included patient, there were enough resources for that hospital to perform all 
measurements. The contract with the pharmaceutical company providing the study 
medication was on the basis of a fixed contract price. Therefore, no extra funding 
was needed for the study duration extension.

External assessment of recruitment process
For this goal, a version of the QuinteT Recruitment Intervention was used. A QRI 
is usually integrated with an RCT from the design stage to optimize recruitment, 
but a QRI-Two has been designed to be applied to RCTs that are underway by 
reviewing trial materials (protocol and patient information) alongside recruitment 
monitoring data.13 In this study, the QRI-Two focused on finding issues that had 
inhibited recruitment that are less easily recognised – called ‘hidden challenges’ – in 
addition to the ‘clear obstacles’, which are organizational barriers that are anticipated 
and known by the trial team.14,15 ‘Hidden challenges’ usually relate to deep-seated 
issues such as clinician equipoise, strong patient preferences, or issues with the way 
the trial is presented.13-16 The QRI was developed and refined over 15 years with 
over 60 RCT’s with severe recruitment difficulties, and as there is observational 
evidence of significantly increased recruitment rates and completion of recruitment 
in an evaluation of five completed QRIs,17 we were interested to learn whether a 
retrospective review of the LEAP trial could identify hidden challenges that might 
have impeded recruitment. An experienced independent QRI researcher (J.L.D.) 
reviewed LEAP trial recruitment strategies and recruitment data.
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Data gathering
During the study, we registered data concerning all referrals and inclusion, which 
included the following: name and date of birth of the patient, referral date and 
center, referring neurologist, date of inclusion, when and which trial personnel was 
employed, when and which actions were undertaken aiming to improve referral or 
inclusion rate, and reason of non-inclusion.

Data analyses
For the QRI-Two review, we analyzed the following. Based on the registered data we 
calculated the ratio of referred patients versus possible eligible patients, based on the 
population at the moment the trial started including patients nationwide in January 
2012. To investigate whether there were effects on referral- and inclusion rate of 
seasons, vacations, sending cakes at inclusion milestones or the change of a research 
nurse, we visually inspected graphs showing referral- and inclusion rates. Finally, 
we analyzed variations across centers in reasons why patients were not included. 
Analyses are descriptive; no statistical tests were done.

R E S U LT S

The prospective recruitment strategies mostly focused on the organizational and 
logistical issues, which the LEAP trial team anticipated and addressed to complete 
recruitment to the trial.

Referral rate
There were 62 centers that signed the IPS. Seven academic and fifty non-academic 
centers participated in referring patients for the LEAP trial (Table 1); five centers 
eventually did not refer patients. There was a large difference in the ratio of estimated 
eligible patients versus referred patients of the Northwest and Southwest regions, 
being similar regions with respect to composition of its population.

In 57 months, 766 patients were referred for the trial, averaging 13.4 patients per 
month (Table 2). A lower-than-expected number of patients were referred, with large 
variations amongst regions. When analyzing the ratio of referred versus estimated 
eligible patients, the high ratio of 29.9% in region Southeast is of note, which we 
attribute to the fact that the region consisted of only a few centers that relatively 
referred many patients. Furthermore, the referral ratio was notably low (5.3%) in the 
most populous region Southwest, and high (19.3%) in region Northwest, the region 
of the principal study center. Both regions are similarly highly urbanized and densely 
populated (Table 1). Referral numbers differed widely between centers (range 1 to 86, 
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mean 12.4 patients for the whole inclusion time per center). We could not discern a 
pattern in the number of referrals during seasons, vacation periods or in the periods 
after we distributed cakes to participating centers. Interestingly, we did not see a 
change in referral rates of referring centers during the trial. Friendships between 
neurologists working in the principal study center and other centers did not result 
in a higher referral rate (data not shown).

Number of centers Included patients 
(% of total patients)

Mean number 
included patients/ 
center

Academic center 7 111 (24.9) 15.9 (range 3-40)
Non-academic center 50 335 (75.1) 6.7 (range 1-48)
1 included patient/ center 13 13 (2.9) 1
2-5 included patients/ center 22 68 (15.2) 3
6-10 included patients/ center 7 52 (11.7) 7
11-20 included patients/ center 10 131 (29.4) 13.1
>20 included patients/ center 5 182 (40.8) 36.1
# of centers of 15 best including 
centers in main study region

8 out of 15

Table 1. Inclusion per type of center

Inclusion rate
The first patient was included on 17 August 2011 and the last on 17 May 2016, 
amounting to a recruitment period 27 months longer than anticipated. 446 patients 
were included (average 7.8 patients per month), which is 6.8% of the estimated 
eligible patients. The overall ratio of included versus referred patients was 58.2%, 
with only the northeast region having a somewhat lower inclusion ratio of 49.5% 
(Table 2). During the trial, inclusion ratios were constant for each region, with slight 
differences between research nurses, also noticeable when regional research nurses 
changed in the Northwest and East region (data not shown). The variation in the 
number of referrals resulted in slight variations in inclusion rate over time, as the 
inclusion ratio did not change during periods with lower referrals (data not shown).

Although a large number of centers indicated their intention to participate, inclusion 
of patients occurred mostly in a quarter of these centers: 70.2% of the included 
patients was referred from only 15 centers, compared to 13 centers from which only 
one patient was included: 2.9% of all included patients (Table 1). Eight out of the 15 
centers from which the most patients were included, were situated in the region of the 
principal study center (region Northwest), including a total of 170 patients – 38.1% 
of the total 446 patients (Table 2).
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Referrals and inclusions*

Total Northwest Northeast East Southeast Southwest Unknown

Estimated population on 1/1/2012 aged 
50-79 in all five regions†

5,284,676 1,316,362 945,173 1,295,626 211,983 1,515,531

Estimated eligible patients during trial‡ 6589 1641 1178 1615 264 1890

Referred (% estimated eligible) 766 (11.6) 317 (19.3) 103 (8.7) 166 (10.3) 79 (29.9) 100 (5.3) 1

Included patients (% included of 
referred)

446 (58.2) 190 (59.9) 51 (49.5) 97 (58.4) 47 (59.5) 61 (61.0)

Not included

Reason (% of not included patients)

Unknown § 133 (41.6) 35 (10.9) 20 (6.3) 59 (18.4) 9 (2.8) 9 (2.8) 1 (0.3)¶

Exclusion criterion || 53 (16.6) 24 (7.5) 9 (2.8) 4 (1.3) 8 (2.5) 8 (2.5)

Too taxing** 41 (12.8) 15 (4.7) 9 (2.8) 2 (0.6) 7 (2.2) 8 (2.5)

Patient wanted to start with 
medication**

39 (12.2) 20 (6.3) 8 (2.5) 1 (0.3) 1 (0.3) 9 (2.8)

Patient did not want medication** 35 (10.9) 24 (7.5) 1 (0.3) 2 (0.6) 3 (0.9) 5 (1.6)

Afraid of side-effects** 6 (1.9) 3 (0.94) 3 (0.94)

Patient could not be reached || 4 (1.3) 2 (0.6) 1 (0.3) 1 (0.3)

Research nurse did not receive referral** 2 (0.6) 2 (0.6)

Participation in other clinical research || 2 (0.6) 1 (0.3) 1 (0.3)

Extended stay outside Netherlands || 2 (0.6) 1 (0.3) 1 (0.3)

Patient not convinced of PD-diagnosis** 1 (0.3) 1 (0.3)

Only wants to participate if unblinded** 1 (0.3) 1 (0.3)

Time to contact patient took too long** 1 (0.3) 1 (0.3)

% of unknown reason relative to number 
of non-inclusion

41.6% 27.6% 38.5% 85.5% 28.1% 23.1%

Table 2. Referrals and inclusions.
* The Netherlands was divided in five regions from which all regional study procedures 
were performed by a main study center. These were: Academic Medical Center (Northwest), 
University Medical Center Groningen (Northeast), Radboud University Medical Center 
(East), Zuyderland Medical Center (Southeast), and Leiden University Medical Center 
(Southwest)
† Source: Demografische kerncijfers per gemeente 2012, ISBN: 978-90-357-2092-3
‡ Source: reference number 9
§ Possible partially able to include; total 41.6% of not included patients
¶ One patient withdrew from the trial after inclusion but before baseline measurements and 
randomisation, and wanted its records to be destroyed
|| Not possible to include; total 19.1% of not included patients
** Patient not convinced to participate, so possibly able to include; total 39.4% of not included 
patients

Non-inclusion
In this study, 19.1% of the referred patients that were not included turned out not to be 
eligible, mostly (77.4%) because before the first contact with the research nurse PD-
medication was already started – suggesting that there may not have been equipoise 
for these patients. Other reasons of non-inclusion were clearer, in that the patient 
could not be reached, already participated in another trial, or because of extended 
stays outside the Netherlands. However, there were 41.6% excluded for ‘unknown’ 
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reasons, which may reflect poor reporting or ‘hidden’ issues with eligibility/
equipoise.15 A further 39.4% of the reasons for non-inclusion were related to the 
patients’ wishes, for example wanting to be included in the placebo or treatment-
arm of the study, fear of the study being too taxing, or fear of side effects. Further, 
although numbers are small, in the Northeast and Southwest region more patients 
were excluded because they had either started or wanted medication compared with 
those who did not want medication (Table 2).

‘Hidden’ challenges
The review of recruitment and monitoring data found some indications of potential 
issues with eligibility, equipoise, and study presentation. These included variations in 
the contributions of centers to enrollment even when populations were similar, the 
reporting of patient preferences for one treatment or another (not the trial) among 
39% of potential participants, and patients not eligible for the trial because they had 
already been started on medication.

The LEAP trial team reported that while the topic of the trial was of great clinical 
interest, and there was sufficient ‘community equipoise’ to launch the trial, 
contemporaneous notes and monitoring data indicated that some centers favored 
treatment with medication and others with delaying medication either when they 
joined or during recruitment. Together, these are all clues to potential issues with 
equipoise, eligibility and managing patient preferences in some centers or among 
some clinicians.14

D I S C U S S I O N

The LEAP trial was a large, successful, investigator-initiated landmark medication 
trial answering a burning clinical question on a limited budget. It showed that in early 
Parkinson’s disease, levodopa/carbidopa 100/25 mg TID had no disease-modifying 
effect over 80 weeks.7 However, it did take more than two years longer than planned 
to deliver recruitment.

The clinical relevance of the trial and the minimal effort required meant that general 
neurologists throughout the Netherlands could be enthused to take part, which was 
reflected in the high number of centers participating in the trial. Because general 
neurologists usually tend not to participate in trials, we mark their participation and 
the formation of an informal research network as a key spin-off achievement of the 
LEAP trial. The LEAP team developed and implemented a large number of strategies 
to optimize recruitment, including a) efficiently streamlining trial procedures such 
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as centralizing medication provision and Medical Ethical Committee-approval, b) 
raising trial awareness among neurologists, c) ensuring trial processes were easy to 
complete and took as little time as possible, d) supporting centers when they started 
to recruit with frequent communication and rewards for success, and e) ensuring 
participation was easy and as pleasant as possible for patients by liaising with patient 
groups and having home visits and continuity of nursing staff. The administrative 
burden was diminished greatly by only having to obtain Medical Ethical Committee-
approval in the five main study centers, while patients were being referred from 57 
centers, and because all trial medication-related tasks were outsourced to one central 
party. Therefore, the research team in the principal study center could be kept small 
and focused on trying to improve recruitment and inclusion rate and maintaining an 
up-to-date trial administration. The combination of all these factors resulted in the 
low costs for this large trial, including the cost-neutral extension of the trial. Funding 
for the research nurses was provided per included patient, and as recruitment lagged, 
research nurses were seldom occupied with the trial on a full-time basis, and also had 
some other work in their respective hospitals. The contract with the pharmaceutical 
company that provided the study medication was on the basis of a fixed contract 
price; therefore, no extra funding was needed for the trial extension.

As the referral rate was considerably lower than expected, the extended recruiting 
period has been partly compensated by the high inclusion ratio of 58.2% of the referred 
patients. One of the key contributors of the high inclusion ratio may have been 
the combination of optimal training of research nurses, ample time for face-to-face 
contact for the patient with mostly the same research nurse and the convenience that 
assessments could take place at the location of the patients’ preference.18 Although 
the LEAP team implemented many different strategies to improve the referral and 
inclusion rate, it remains unclear what the contribution to the inclusion rate was for 
each intervention. For an investigator-initiated trial, every spent hour counts heavily 
as the budget is usually limited. It would be very helpful to know which strategies in 
different study contexts work best to raise referral and inclusion rates; if more funding 
would have been available, we could, for example, have hired more supporting staff 
to further pursue these strategies.

Despite the fact that the LEAP trial completed its inclusion goal, it took over two 
years longer than expected, even though a large number of centers participated in 
the study. Reviewing the recruitment data, we noted that a relatively small number15 
of the participating centers referred the majority of patients (70.2%). In contrast, 
a similar number – 13 centers – only referred one patient. The inclusion criteria 
required that patients had to be referred shortly after being diagnosed with PD – 
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often an emotional moment, which could have influenced the willingness for a patient 
or neurologist to discuss referral for a study – suggesting the possible involvement 
of a ‘hidden challenge’ such as equipoise or issues with study presentation in some 
of the centers. The aimed for inclusion ratio of all estimated eligible patient of about 
20% proved to be too ambitious, although prior to the study, we did not possess data 
to have a more realistic estimation. It is a key priority for future investigator-initiated 
trials to have better data to estimate recruitment rates.19

In this context, the steady referral rate of all participating centers throughout the 
trial is of interest, particularly despite the efforts to improve it – as this also suggests 
that there may have been other factors at work. Trial teams need to decide whether 
to focus resources on improving inclusion ratios or referral rate to enable as many 
eligible patients as possible to consider participation.13

Furthermore, as a majority of the centers from which the most patients were included 
were situated in the region of the principal study center, this shows that this is 
apparently a factor that boosts the willingness to participate in referring patients. 
The large difference in the ratio of estimated eligible patients versus referred patients 
of the Northwest and Southwest regions supports this opinion. These centers had 
interns, residents, or neurologists previously trained at the principal study center, 
suggesting that these centers could have a higher commitment to the trial. Previous 
QRIs also suggest such variations might also signal that sites varied in their assessment 
of eligibility and/or equipoise.19,20

In our trial, 39.4% of the not included patients did not participate because of 
reasons related to the patients’ opinion, possibly leaving room for improvement 
of the inclusion ratio. The presence of patient preferences distributed across the 
interventions is often an indicator of underlying difficulties with equipoise that are 
reflected in the way the trial is presented to patients.21 Finally, the fact that in the 
Northeast and Southwest region many more patients were excluded because they 
had either started or wanted medication compared with those who did not want 
medication, could further reflect issues with equipoise or study presentation noted 
above.14,16,21

Since QRI research has shown that clinicians who are more comfortable with 
equipoise can present the study more effectively, a QRI integrated prospectively 
would have investigated the reasons of neurologists to refer patients, and the way 
they and the research nurses presented the trial to patients.16 Without recordings, 
it is unknown whether this issue played a role in the LEAP trial, but it could help 
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to understand why there were differences in referral and inclusion rates. If a QRI 
had been integrated in the LEAP trial, more comprehensive data would have been 
collected about patient screening, eligibility assessment, whether patients were 
approached, and then accepted or declined randomization – using the Screened, 
Eligible, Approached Randomised (SEAR)-framework.19 This would have provided 
evidence about the issues that might have inhibited recruitment, helping finding 
strategies to improve referral and inclusion rates and reducing any center variations.13 
The QRI-Two review was limited by being undertaken after completion of 
recruitment.

This study has shown that the LEAP trial – an investigator-initiated medication trial 
studying a neurodegenerative disease in an early stage – was successful in achieving 
the aimed for sample size. This was achieved on a limited budget by focusing on 
minimizing administrative and organizational procedures. However, the trial did take 
two years longer than anticipated to complete recruitment. A review of recruitment 
processes and monitoring data showed that centers with closer institutional ties to a 
principal study center tended to have a higher referral rate, and variations in referrals 
and reasons of non-inclusion suggested the presence of ‘hidden’ challenges related to 
clinical equipoise, patient eligibility, or study presentation. Integrating a recruitment 
intervention such as a QRI prospectively could have explored the hidden challenges 
and found solutions that could have increased recruitment efficiency.

5
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A B S T R AC T

Introduction	� Data concerning real-life treatment preferences for the treatment of 
PD is scarce. The objective of this paper was to investigate attitudes 
towards the treatment of PD among neurologists in the Netherlands 
in 2010, and whether these attitudes have changed a decennium later.

Methods	� In January 2010 and in October 2021, the same digital questionnaire 
concerning treatment preferences for PD was sent to neurologists 
working in the Netherlands.

Results	� In 2010 and 2021, respectively 568 and 753 neurologists in the 
Netherlands were contacted. In 2010, 287 (50.5%) neurologists 
and in 2021, 321 (41.4%) neurologists filled in the questionnaire. In 
2010, 84.7% of the neurologists indicated to advise pharmacological 
treatment for PD when the patient experiences disability compared 
to 80.9% in 2021 (p=0.24). In 2010, 40.1% of the neurologists indicated 
to advise to start pharmacological treatment with levodopa for 
patients aged below 60 years, and 43.6% advised to start treatment 
with a dopamine agonist. In 2021, this pattern changed with 
respective percentages of 86.2% of and 10.3% (comparison between 
2010 and 2021; p<0.001). In 2010, 38.2% of the neurologists indicated 
it to be justifiable to start treatment with levodopa for patients aged 
below 55 years, whereas in 2021 72.4% of the neurologists indicated 
it to be justifiable (comparison between 2010 and 2021; p<0.001).

Conclusion	� The results of this study show that between 2010 and 2021, there was 
a change towards a more favorable opinion of the use of levodopa 
for the treatment of PD in the Netherlands, in line with current 
literature on this subject.
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I N T RO D U C T I O N

In 2011, recruitment for the Levodopa in early Parkinson’s disease (LEAP) study 
was started. The goal of the study was to answer the clinical burning question 
whether levodopa has any disease-modifying effect beyond its immediate benefit on 
symptoms in Parkinson’s disease (PD).1 On the one hand there were concerns that 
levodopa could be neurotoxic – even though this was never supported by the results 
of clinical studies – and on the other hand there were the results of the landmark 
ELLDOPA study that suggested levodopa could have a beneficial disease-modifying 
effect.2 Before starting the LEAP study, we investigated how the contradictory views 
towards the possible disease-modifying properties of levodopa resulted in variations 
in the treatment of early PD by neurologists in the Netherlands. We also investigated 
how preferences of advanced treatment options for PD were distributed among 
neurologists. We surveyed all neurologists in the Netherlands on these topics in 2010; 
the information was used in the applications for funding of the LEAP study and the 
Infusion versus stimulation (INVEST) study.3 To evaluate whether these preferences 
had changed, we again surveyed all neurologists in the Netherlands in 2021, roughly a 
decennium later and a few years after the publication of the results of the LEAP study. 
Data concerning real-life treatment preferences for the treatment of PD is scarce.

M ET H O DS

In January 2010 and in October 2021, a cross-sectional survey was executed using 
the same anonymous digital questionnaire. This was sent by e-mail to all neurologists 
working in hospitals in the Netherlands as PD patients are treated almost exclusively 
by neurologists at the outpatient clinics of these hospitals. In 2010, E-mail addresses 
were gathered by calling the backoffice of the neurology outpatient clinics of all 
these hospitals, checking we had the E-mail address of all the neurologists working 
there. In 2021, these E-mail addresses were retrieved from the website of the Dutch 
Society of Neurology (in Dutch: Nederlandse Vereniging voor Neurologie, NVN). 
With this method, we ensured that we could reach out to probably all neurologists 
treating PD. Reminders to fill out the questionnaire were sent one week and two 
weeks after the initial invitation; after about a month, the questionnaires were closed. 
The questions are shown in Table 1.

6
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2010 2021

Total no. (%) Total no. (%)
Approached individual neurologists 568 753
Respondents 287 (50.5%) 312 (41.4%)
Question Answer P value
1. Did you specialize in movement 
disorders? – answered Yes

81 (28.2%) 119 (38.1%)

2. At what moment do you start with 
medication in PD?

As soon as the diagnosis 
is made

44 (15.3) 60 (19.2)

When the patient 
experiences disability

243 (84.7) 252 (80.8)

When the patient 
experiences severe 
disability

0 (-) 0 (-)

I postpone it as long as 
possible

0 (-) 0 (-)

0.24
3. What is the best medication to start 
with in patients younger than 60 years?

Levodopa 115 (40.1) 269 (86.2)

Dopamine-agonist 125 (43.6) 32 (10.3)
Other 47 (16.4) 11 (3.5)

<0.001
4. At what moment do you start with 
levodopa?

When the patient 
experiences disability

173 (60.3) a 306 (98.1)

When the patient 
experiences severe 
disability

4 (1.4) 3 (1.0)

I postpone it as long as 
possible

0 (-) 3 (1.0)

Missing value 110 (38.3) 0 (-)
0.23

5. Would you consider it justifiable to start 
with levodopa in patients younger than 
55 years?

Yes 110 (38.3) 226 (72.4)

No 174 (60.6) 86 (27.6)
Missing value 3 (1.0) 0 (-)

<0.001
6. Which is your first choice of treatment 
in advanced PD?

CILI 121 (42.2) 90 (28.9)

DBS 100 (34.8) 197 (63.1)
CSAI 62 (21.6) 25 (8.0)
Missing value 4 (1.4) 0 (-)

<0.001

Table 1. Results of surveys of 2010 and 2021.
PD: Parkinson’s disease. CILI: Continuous intrajejunal levodopa infusion. DBS: deep brain 
stimulation. CSAI: continuous subcutaneous apomorphine infusion. * The P-value was 
calculated using the Fisher’s exact test.
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Descriptive statistics were used to summarize the data. Fisher’s exact test was 
used to determine if there was a significant association between the answers to 
the questionnaires in 2010 and 2021. Because of the very long interval between 
questionnaires, independency of observations was assumed. Two-tailed P values 
of <0.05 were considered statistically significant. De-identified data is available for 
academic research upon request by the corresponding author.

In 2010 and 2021, there were respectively 728 and 958 neurologists working in the 
Netherlands. In 2010 and 2021, an invitation for the questionnaire was sent by e-mail 
to respectively 568 and 753 individual neurologists. Of these, respectively 287 (50.5%) 
and 321 (41.4%) filled out the questionnaire.

R E S U LT S

In 2010, 28.2% of the respondents indicated to be specialized in movement disorders 
compared to 38.1% in 2021. Results of the questionnaire are shown in Table 1. In 2010, 
84.7% of the neurologists indicated to advise pharmacological treatment for PD when 
the patient experiences disability in daily life compared to 80.9% in 2021 (p=0.24). In 
2010, 40.1% of the neurologists indicated to advise to start pharmacological treatment 
with levodopa for patients aged below 60 years, and 43.6% advised to start with a 
dopamine agonist. This pattern had changed by 2021, when 86.2% of the neurologists 
advised to start pharmacological treatment with levodopa and 10.3% advised to start 
treatment with a dopamine agonist for patients aged below 60 years (comparison 
between 2010 and 2021; p<0.001). In 2010, 60.3% of the neurologists indicated to 
advise to start with levodopa as soon as the patient experienced disability compared 
to 98.1% in 2021 (p=0.23); in 2010 there is a high number of missing values for this 
question (38.3%). In 2010, 38.2% of the neurologists indicated it to be justifiable to 
start treatment with levodopa for patients aged below 55 years. In 2021, 72.4% of the 
neurologists considered it justifiable to start treatment with levodopa if younger than 
55 years of age (comparison between 2010 and 2021; p<0.001). For the treatment of 
PD motor response fluctuations, neurologists indicated that continuous intrajejunal 
levodopa infusion (CILI) was the treatment of first choice (42.2%), followed by 
deep brain stimulation (DBS) (34.8%) and continuous subcutaneous apomorphine 
infusion (CSAI) (21.6%) in 2010. This had changed by 2021, when DBS had become 
the treatment of first choice for motor response fluctuations (63.1%) at the expense 
of a preference for CILI (28.9%), and CSAI (8.0%) (p<0.001).

6
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D I S C U S S I O N

The results show that in the Netherlands in 2010 and in 2021, treatment for PD 
started mostly when patients experience disability, and that in the course of 
only one decennium, levodopa had become the treatment of first choice to start 
pharmacological treatment with, at the expense of for example dopamine agonists. 
At the same time, DBS had become the treatment of first choice of the advanced 
treatment options for PD-related motor response fluctuations.

The higher preference for levodopa could be explained by the fact that there has 
been a gradual shift away from ‘levodopa fear’ in treatment guidelines, for example 
the Dutch guideline for the treatment of PD of 2020 and the ‘Dopaminergic therapy 
for motor symptoms in early Parkinson’s disease practice guideline of the American 
Academy of Neurology of 2021, and other literature on this subject. The results of 
the LEAP study may have contributed to this.1 Historically speaking, this means 
that the mainstay of the treatment of PD now again seems to have shifted towards 
levodopa.4 The results of the EARLYSTIM study may well have contributed to the 
change towards a more favorable opinion of DBS.5

The results add to the scarce data concerning real-life treatment preferences for the 
treatment of PD. Also, we showed that surveying medical specialists with a short 
questionnaire about, for example, treatment preferences is feasible, and can provide 
new insights in treatment preferences.
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CHAPTER 7

I N T RO D U C T I O N

The aim of this thesis, ‘Levodopa in early Parkinson’s disease’ was to investigate  
a) whether levodopa has a beneficial disease modifying effect in Parkinson’s disease 
(PD) in a clinical trial, and to assess the related treatment costs, b) which lessons 
can be drawn from the way the trial has been executed, and c) whether attitudes 
towards treatment of PD have changed after the results of the trial became available. 
In this chapter, I will discuss methodological challenges, place the main findings of 
this thesis in a broader perspective, and give recommendations for clinical practice 
and future research.

T R E AT M E N T P R E F E R E N C E S FO R P D I N T H E 
N ET H E R L A N DS

In 2010 it was unknown whether levodopa has a disease modifying effect in PD. At 
the time, we hypothesized that because of the ongoing discussion about the possible 
disease modifying effect of levodopa for PD, there would be a variation in clinical 
practice by doctors treating people with PD – in the Netherlands almost exclusively 
done by neurologists at outpatient clinics. We thought this information would be 
useful in the applications for funding of the clinical trial we had in mind concerning 
a possible disease modifying effect of levodopa. Real-life data concerning treatment 
preferences for PD could further highlight the clinical need to investigate which 
strategy was best for patients, and also could help inform the way the study was 
best presented to a possible participating center, as a discussion about treatment 
preferences by the residing neurologists could be put in a broader context with the 
data of this survey.

Chapter 6 described that to investigate attitudes towards the treatment of PD among 
neurologists in the Netherlands, a digital questionnaire about treatment preferences 
for PD was sent in January 2010. Respondents indicated that they started treatment 
for PD mostly when patients experienced disability, that levodopa and dopamine 
agonists were equally prescribed for early PD in patients younger than 60 years of 
age, that levodopa was started when patients experience disability, and that most 
neurologists did not find it justifiable to start with levodopa in patients younger than 
55 years of age. These findings confirmed that at the time, there was a considerable 
variation in attitudes towards the treatment of PD, further underlining the need start 
a clinical trial to try to answer whether levodopa had a disease modifying effect. The 
results were shared when presenting the study to possible participating neurologists 
and in funding applications, which helped to convey the clinical need for the study.
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D I S T I N G H U I S I N G A D I S E A S E M O D I F Y I N G E F F EC T 
F RO M A SY M P TO M AT I C E F F EC T

In chapter 2, it was explained that to separate a possible disease modifying effect from 
the direct symptomatic effect of levodopa, a multi-center, randomized, delayed-start, 
double-blind placebo-controlled trial was designed, called the Levodopa in EArly 
Parkinson’s disease (LEAP) study. Patients with early PD whose functional health 
did not yet warrant initiation of PD-medication were randomized to either 80 weeks 
of treatment with 100/25 mg levodopa/carbidopa three times per day (early-start 
group) or to 40 weeks placebo three times per day followed by 100/25 mg levodopa/
carbidopa three times per day for 40 weeks (delayed-start group). Patients in the 
early-start group received a starting schedule of levodopa/carbidopa during weeks 
1 and 2, and the delayed-start group received this during weeks 41 and 42. A total of 
eight study visits were necessary to adequately measure progression of symptoms. 
To be able to detect a minimal clinically important difference of four points on the 
Unified Parkinson’s Disease Rating Scale at 80 weeks, 446 patients needed to be 
included.1

On theoretical grounds, a delayed-stop study arm could have been added to further 
separate a possible disease modifying effect of levodopa from its symptomatic 
effects.2,3 This was not possible because effective symptomatic treatments would 
then have to be withheld from patients needing medication because of progression 
of symptoms.4 In the same line of thought, an extra 80-week placebo-arm could have 
shown the natural course of disease progression,2 but because of similar reasons as 
with a possible delayed-stop study arm, it was not an option to add this to the study 
design. Further, much more patients would have been needed, and the recruitment 
period would consequently have taken much more time to reach its inclusion goals. 
These additional study arms could also result in a relatively low recruitment rate, as 
patients could then be randomized to probably less attractive study arms of 40 weeks 
treatment followed by 40 weeks on placebo or 80 weeks on only placebo. These study 
arms would further probably see a high drop-out rate because of the need of patients 
for symptomatic medication.

The dosage of levodopa/carbidopa 100/25 mg three times per day was chosen as 
a compromise between higher doses, which are associated with a greater risk of 
side effects such as levodopa induced dyskinesia, and lower, less effective doses. In 
the ELLDOPA study, levodopa/carbidopa 100/25 mg three times per day was in 
the middle of the three doses tested, and the results of that study arm supported a 
possible disease modifying effect of levodopa.5 Adding study groups with lower or 
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higher levodopa dosages, as was done in ELLDOPA study, would further have meant 
that recruitment of much more patients would have been necessary. This would 
probably have extended the already expected long recruitment period considerably. 
International cooperation could have been sought to try to solve the abovementioned 
problems – and was considered – but preparation for the trial would then probably 
have taken even more time. These logistical considerations contributed to the decision 
that it was deemed most feasible to try to execute the study in the Netherlands on 
a relatively ‘smaller’ scale as was eventually done. And already then, it was a major 
challenge to execute the study considering that recruitment of the necessary hospitals 
to participate in the study already took more than a year; everything about the study 
was on a large scale.

Theoretically, the execution of a similar study design at a later disease stage could 
also have been investigated. If patients would receive for example a dopamine agonist 
some time beforehand to treat symptoms, this may be possible to execute. However, 
most patients need levodopa later in the course of the disease, and therefore there 
may be a high risk of drop-outs of the placebo-arm of such a possible study. Further, 
a medication-free period of arbitrary length probably would have to be chosen to 
avoid a possible symptomatic or disease modifying effect of the previous medication, 
and during that period patients would then probably experience disabling symptoms 
of their disease, which is not acceptable.

PD pathogenesis has not yet been fully elucidated. Therefore, one could ask whether 
selecting patients with ‘early PD’ is adequate for testing our hypothesis as one 
subgroup of patients could possibly react differently to levodopa than another.3,6 
However, the ELLDOPA study had a similar patient selection as the LEAP study, 
and showed results which can be interpreted as a possible disease modifying effect.5 
As we were looking for effects on a group level, it was reasoned that the patient 
selection of the LEAP study must have been able to show a disease modifying effect 
if there was one, where the results would be relevant for daily practice immediately.

To measure severity of the disease, the Unified Parkinson’s Disease Rating Scale 
(UPDRS) was chosen. At the time of the start of the design of the LEAP study in 
the course of 2009, the updated version of the UPDRS, the Movement Disorders 
Society-UPDRS (MDS-UPDRS), was just developed; a validated Dutch translation 
was not yet available.7 Because of a higher sensitivity for early motor impairment, the 
MDS-UPDRS has a theoretical advantage over the UPDRS because of the patient 
selection in the LEAP study with patients with early PD, but results would then have 
been less comparable with earlier studies which also used the UPDRS.
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No formal OFF and ON measurements were performed. A possible advantage of 
having these additional measurements could have been that all measurements would 
have been better comparable as patients would score their worst and best motor 
score – and not a ‘random’ motor score. However, patients with early PD do not 
necessarily have much more motor symptoms after one or two missed medication 
moments – or after six hours, as the OFF measurements are defined in the Parkinson’s 
Progression Markers Initiative (PPMI)-protocol.4 In fact, for patients in the PPMI-
cohort on levodopa or dopamine-agonists, the difference on the total MDS-UPDRS-
score between OFF and ON measurement was 3.7 points (SD 16,7) at year 1 (p=0.07); 
80% of the OFF-measurements took place after more than 12 hours after the last 
medication. As far as information on the subject of the minimally clinically important 
difference for the total MDS-UPDRS is available, this has been reported as 7.1 points 
for improvement and 6.3 points for worsening,8 and for part III of the 3.3 points for 
minimal improvement and 4.6 points for worsening.9 These results, although not 
available when the LEAP study was designed, support the suggestion made in the 
article of the five year follow-up of patients in the PPMI study of only measuring ON-
score in studies with early PD, and not also measuring OFF-scores.4 The results of the 
ELLDOPA study during the washout phase also support this, as the UPDRS-score 
only worsened about 2 to 3 points in the two washout weeks.5 The increased time 
investment for both patient and research nurse were further reasons to not perform 
OFF and ON measurements – respectively because of a higher patient retention in 
the study and for budgetary reasons.

The advantage of the chosen intention-to-treat analysis compared to a per-protocol 
analysis for the main analysis is a lower risk of attrition bias – making the study groups 
less comparable – and because it most closely reflects routine practice. Therefore, it 
can be argued that the per-protocol analysis could have been removed as a secondary 
outcome measure.10,11 However, because there is no disease modifying treatment 
currently available for PD, and as the LEAP study can be viewed essentially as a 
proof-of-principle study, all information that could possibly shed new light on this 
subject was more than welcome.

The ultimate goal is to find a treatment for PD that at least possesses beneficial disease 
modifying properties, but preferably provides neuroprotection. When investigating 
a possible disease modifying treatment for PD, additional endpoints including 
biomarkers that reflect real-time disease severity and disease progression rate are 
paramount for a better understanding of the investigated treatment. However, as 
these are currently unavailable for PD, the only way of investigating whether a PD 
treatment has disease modifying properties besides its known symptomatic effects 
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currently still seems to be the delayed-start design, including patients with early PD, 
and having clinical primary endpoints. Naturally, if a treatment does not possess a 
symptomatic effect, a ‘simple’ randomized trial suffices.

L E A P S T U DY

After more than two years of preparation, recruitment for the LEAP study was finally 
started in august 2011. In chapter 3, we showed that a total of 445 patients were 
randomly assigned: 222 to the early-start group and 223 to the delayed-start group. 
The results showed that treatment with levodopa/ carbidopa at a dose of 100/25 mg 
three times per day had no disease-modifying effect – either beneficial or detrimental 
– on patients with early PD over the course of 80 weeks.

These results, combined with the improvement in UPDRS-scores, the higher quality 
of life scores in the early-start group – notable because only patients whose functional 
health did not yet warrant initiation of PD-medication were included – and a similar 
rate of dyskinesia and levodopa-related fluctuations at 80 weeks, altogether support 
starting treatment early after diagnosis of PD.

Prior to evaluation for eligibility for the LEAP study, 22% of the entire cohort had 
undergone imaging of the dopamine transporter, which confirmed degeneration of 
substantia nigra neurons.12 This could be an example of selection bias, as the referring 
neurologists may have wanted to be fairly confident of the PD diagnosis in the context 
of patients maybe having less clear symptoms as we were recruiting patients with 
relatively mild symptoms. The rate of abnormal dopamine transporter scans in the 
substudy of the LEAP study was considerably higher compared to routine practice.13 
For the LEAP study this could have led to relatively more patients with actual PD 
included in the study – essentially a positive result in the context of the study.

A possible concern of measuring symptoms with the UPDRS in early PD in a study 
using levodopa is the risk to run into floor effects of the UPDRS – such that the 
symptomatic effect of levodopa may mask a possible small disease-modifying effect.14 
However, as the results showed no significant difference in the UPDRS-score at week 
80 between the early- and late-start group, the study did probably not suffer from 
this possible disadvantage. In comparison, the LEAP study had higher total UPDRS 
scores at baseline than for example the ADAGIO and PROUD studies, and slightly 
higher than the ELLDOPA study; these studies also did not seem to have suffered 
from this floor-effect.5,15,16 Finally, as motor symptoms are relatively overrepresented 
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in the UPDRS, the chance of missing a possible disease modifying effect of levodopa 
– having a large effect on motor symptoms – is probably low.

The main limitation of the LEAP study is that during phase 1 of the trial (the first 40 
weeks), 39% of the patients in the delayed-start group proceeded to receive the phase 2 
trial medication (levodopa), and 11% in the early-start group proceeded to open-label 
treatment with the same dose of levodopa. This resulted in a comparatively shorter 
mean time that treatment with levodopa could exert a possible disease-modifying 
effect in the early-start group than in the delayed-start group. However, the results 
of the per-protocol analyses, which took the switch to levodopa into account, were 
similar to the results of the intention-to-treat analysis. In comparison, 22.2% of the 
placebo group of the ELLDOPA study withdrew from the study before completing 
the follow-up. In the ADAGIO study, 19.6% in the delayed-start 1 mg rasagiline group 
and 20% in the delayed-start 2 mg rasagiline group proceeded to phase 2 of the trial. 
An explanation for these notable differences could be that in the LEAP trial protocol 
and in the communication to patients and their treating neurologists it was made clear 
that patients could start phase 2 medication once they needed more medication at 
the full discretion of the treating neurologist; patients were not in any way ‘pushed’ 
to complete the phase 1 medication for ethical reasons.

With the results of the LEAP study in hand questions still remain about the long 
term. In the first place whether motor fluctuations and dyskinesias develop more 
often in the early-start group in the long term, including a per-protocol analysis 
with only patients with the diagnosis of PD after a longer follow-up. Results of the 
follow-up of the LEAP study are expected in 2024. Of note in the context of the 
abovementioned results is that a pre-specified extended study protocol with regard 
to possible medication regimens after the initial 80 weeks follow-up could have kept 
patient groups more equal with regard to the medication received. This idea was not 
followed through because the referring neurologists may have interpreted this as too 
much interference with their individualized treatment of patients, and thus might 
have led to a lower rate of referral for the LEAP study. In the same line of thought, 
a known very long study duration at the start of the study might have limited the 
patients’ and neurologists’ enthusiasm to participate. Further, by not prescribing 
a study medication regimen, a further follow up would yield results more closely 
resembling routine practice.

Several directions can be envisioned when looking ahead for future research. The 
LEAP study showed that future trials investigating a potential disease modifying 
effect of PD drugs can still include a control group on only placebo – specifically 
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PD patients with insufficient disability to warrant treatment with antiparkinson 
medication, and that a full 40-week period on placebo only for all patients does not 
seem to be a realistic goal. To confirm the results of the LEAP study, a study with 
a similar design as the LEAP study could be designed, perhaps also giving patients 
other doses of levodopa than administered in the LEAP study. When including 
several medication-arms in such a study, this probably only can be executed in an 
international consortium because of the higher number of necessary patients, and 
the otherwise probable long recruitment period. Another interesting path is to see 
whether the combination of the individual patient data of the ELLDOPA and the 
LEAP studies could shed an even more robust and perhaps more detailed light on 
the course of the symptomatic effects of levodopa in early PD. A combination of the 
data of for example the ELLDOPA, ADAGIO, PROUD, TEMPO and LEAP studies 
with a survival analysis of when the patients in the placebo groups were excluded 
(ELLDOPA study) or forwarded to phase 2 medication (ADAGIO, PROUD, 
TEMPO, and LEAP studies) could provide further insights in when patients usually 
‘need’ symptomatic medication.5,12,15,17 A disadvantage of this clinical milestone is that 
it remains somewhat subjective and possibly a reflection of the way medication was 
prescribed at the different points in time of these studies.

At the time of the diagnosis of PD, extensive neurodegeneration has already occurred. 
Consequently, the question lingers whether it would be sensible to repeat the LEAP 
study if PD could be diagnosed at a much earlier, pre-motor-stage, for example when 
a dopamine transporter scan is still fully normal, and then perhaps with a much 
longer placebo phase of several years. However, as long as a clear pathophysiological 
mechanism to support such an endeavor is not available, and with the results of the 
LEAP study in hand, this does not seem to be an obvious step. There are also ethical 
hurdles in this domain. If for example one would include people in such a trial with 
a rapid eye movement-sleep behavior disorder or other ‘prodromal’ symptoms, or 
perhaps by using a biomarker, people would be made ‘sick’ many years prior to a 
possible PD diagnosis. For Alzheimer’s disease, a similar line of thought – trying to 
diagnose and treat the disease ‘preclinically’ – has been put forward, and to date, after 
intensive and costly efforts, that has not brought us much. Finally, recruitment and 
randomization along the lines of a possible future, exact genetic PD-profile could 
be preferable.6
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COS T-E F F EC T I V E N E S S A N D COS T-U T I L I T Y O F 
E A R LY L EVO D O PA I N P D

Considering the absence of a disease modifying effect of levodopa in the main trial, 
no difference in side effects at the end of the follow-up period and the low costs 
of levodopa, the results of the LEAP study left room for answering the question 
whether the early start of treatment with levodopa in early PD may be cost-effective. 
In chapter 4, early-start treatment was evaluated versus delayed-start treatment. 
The cost-effectiveness analysis and the cost-utility analysis were performed from the 
societal perspective, including health care costs among providers, non-reimbursable 
out-of-pocket expenses of patients, employer costs of sick leave, and lowered 
productivity while at work. 212 patients in the early-start and 219 patients in the 
delayed-start group reported use of health care resources. With savings of €59 per 
patient (BCa 95% CI: -829, 788) in the early-start compared to the delayed-start 
group, societal costs were balanced. The early-start group showed a mean of 1.30 
quality adjusted life years (QALYs) (BCa 95% CI: 1.26, 1.33) versus 1.30 QALYs (BCa 
95% CI: 1.27, 1.33) for the delayed-start group. Because of this negligible difference, 
incremental cost-effectiveness and cost-utility ratios were not calculated. From an 
economic point of view, the results suggest that early treatment with levodopa is 
not more expensive than delayed treatment with levodopa. A possible explanation 
can be that as patients in our study necessarily had insufficient disability to warrant 
treatment with Parkinson medication, early treatment simply could not improve the 
capacity to work – consequently limiting the possibility of showing cost-effectiveness 
of early treatment with levodopa.

Because of the recall period of four weeks for patients with regard to their health care 
use – which was chosen to mitigate a recall bias as much as possible – differences 
between groups could possibly have been amplified during longer intervals between 
measurements, despite the study being randomized and thus equally distributing 
any errors in measurements. However, the most direct impact of intermittent 
measurement over time with multipliers to achieve full coverage of the calendar 
period is the widening of the confidence interval of between-group differences. As 
a result, fewer between-group differences will be detected if present, qualifying the 
chosen approach as conservative. More measurements could have made to minimize 
this conservatism, but because of the risk of attrition bias, only the minimum number 
of measurements were made necessary to be able to perform the primary clinical 
analysis. Further, more measurements would have meant increased study costs, 
which was problematic since the LEAP study was an investigator-initiated trial on 
a relatively tight budget.
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The observation that 39% of the patients in the delayed start-group started with 
levodopa in the placebo-controlled first 40 weeks could have resulted in reducing a 
difference between the early-start and delayed-start group. Per protocol, starting with 
levodopa in the first 40 weeks was allowed when patients experienced limitations 
in functional health. This closely resembles the way patients are treated in clinical 
practice.

Patients in the early-start group used levodopa for the full length of the follow-up 
period of 80 weeks. In the delayed-start group, 61% of patients started treatment 
in week 41; 17.9% already started with levodopa treatment between weeks 22 and 
40 and were assumed to be on treatment for an average of 49 weeks (40+9 weeks); 
21.1% already started with levodopa between weeks 4 and 22 and were assumed to 
be on treatment for an average of 64 weeks (40+18+6 weeks). An extra analysis using 
the exact start date of levodopa could have been interesting because in the current 
analyses, the delayed start group could have been ‘favored’ with lower costs if patients 
actually started levodopa later than now assumed. However, differences are already 
small, thus questioning the ratio behind this argument.

The fact that the early-start group included relatively more patients that were 
entrepreneurs (self-employed) among the patients with a paid job – which can only 
be explained by the randomization being unbalanced in this respect – might have 
affected the study results in favor of delayed treatment. If so, an explanation for this 
can be that when a somewhat higher labour participation of entrepreneurs is assumed, 
PD symptoms could negatively influence the productivity in a relatively earlier stage 
than when having a lower labour participation. For example, entrepreneurs will not 
be able to work those extra hours or will have earlier problems with combining work 
with appointments with a doctor or physiotherapist. A related explanation could be 
that entrepreneurs by definition are more focused on their productivity, which might 
result in a recall bias with a higher reported rate of absenteeism. However, patient 
numbers were too small for a thorough exploratory post-hoc subgroup analysis. 
The learning point here can be that when doing an economic analysis alongside a 
trial, randomization by type of work and/ or income could be considered to equally 
distribute these dynamics among groups.

Although it is possible that it is a typically Dutch phenomenon that there is a well-
integrated network of, for example, physiotherapists for the care of PD-patients, 
which may be different from the situation for patients in other, less-developed 
counties in the world, we hypothesize that the results of this study probably can well 
be extrapolated to other countries, as patients in the placebo-controlled first 40 weeks 
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of the study showed an improvement in symptoms and disease-related quality of life. 
Costing based on the guidelines of a specific country could be applied to our data to 
further investigate this. Also, the unique data can function as a point of reference for 
clinicians and policymakers when comparing costs of current and future treatments 
for PD compared to the standard treatment with levodopa.

It remains unknown whether an even earlier start of treatment with levodopa than 
in the current study – thus, in a future situation where a PD-diagnosis can be made 
earlier than currently possible – could influence the outcome of a possible repeated 
study, as literature on this topic reports that patients with PD already tend to work 
less before diagnosis has been made.18 This could be caused at least partly by the 
motor symptoms of the disease, and thus could be influenced by dopaminergic 
treatment. Assuming that probably more patients will still have paid work in an earlier 
– currently ‘pre-symptomatic’ – stage of the disease, starting with dopaminergic 
treatment at that point in time could perhaps be a cost-effective treatment – also 
possibly improving symptoms and health related quality of life, as shown in the early 
start group of the LEAP study. This could be investigated with a similar design as the 
LEAP study, but as noted earlier, an obvious prerequisite is that PD can be diagnosed 
in an earlier, ‘pre-symptomatic’, stage of the disease.

R EV I EW O F T H E R EC RU I T M E N T P RO C E S S FO R T H E 
L E A P S T U DY

Recruitment targets for clinical trials are often not met, resulting in an underpowered 
trial or an extended recruitment period, with only partially answered or unanswered 
questions, and a waste of resources.19,20 This means there is a need to learn from 
clinical trials that managed to recruit the desired number of patients and, moreover, 
succeeded to do this on a limited budget, as the LEAP study was able to do.

Chapter 5 described that the study was a success because the study team focused on 
minimizing administrative and organizational procedures and optimizing recruitment, 
including (a) efficiently streamlining trial procedures such as centralizing medication 
provision and Medical Ethical Committee-approval, (b) raising trial awareness 
among neurologists, (c) ensuring trial processes were easy to complete and took 
as little time as possible, (d) supporting centers when they started to recruit with 
frequent communication and rewards for success, and (e) ensuring participation was 
easy and as pleasant as possible for patients by liaising with patient groups and having 
home visits and continuity of nursing staff. Further, all trial medication-related tasks 
were outsourced to one central party. All these measures taken together resulted in 
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a research team in the principal study center that could be kept small and focused 
on trying to improve recruitment and inclusion rate and maintaining an up-to-date 
trial administration. This resulted in a relative low cost for this large trial, including 
the cost-neutral extension of the trial.

The results convey that centers with closer institutional ties to a principal study 
center tend to have a higher referral rate. The results of an external assessment of 
the recruitment process, focusing on finding possible issues impeding recruitment 
by analyzing patterns in referrals, inclusions and non-inclusions, suggest that 
the variations across the country in referrals and reasons of non-inclusion could 
indicate the presence of issues related to clinical equipoise, patient eligibility, or 
study presentation. This supports the integration of structured methods to analyze 
and continually improve the recruitment process, right from the beginning of a new 
trial.21,22 This will lead to higher running costs of a trial. However, in the long run 
this could well lead to an accelerated recruitment rate, a shorter duration of trials, 
and thus lower total costs. In addition, a professional trial bureau tied to the research 
organization could help minimize all administrative and logistical tasks associated 
with trials, further accelerating the design and execution phases of a trial. Although 
it is essential that a part of this work is mastered by junior researchers to help them 
design, execute and supervise their own research later on in their scientific career, it 
could help free up valuable time that can be invested in other tasks. By sharing the 
exact way research is executed between researchers and organizations, analyzing 
and optimizing the associated processes as a standard operating procedure, research 
may be executed faster, at lower costs, helping patients sooner.

C H A N G E S I N N EU RO LO G I S T’S T R E AT M E N T 
P R E F E R E N C E S FO R P D I N T H E N ET H E R L A N DS

Before starting the LEAP study, it was investigated whether the contradictory views 
towards the possible disease-modifying properties of levodopa resulted in variations 
in the treatment of early PD by neurologists in the Netherlands in 2010. To evaluate 
whether these preferences had changed roughly a decennium later and a few years 
after the publication of the LEAP study, we again surveyed all neurologists in the 
Netherlands in October 2021, sending the same digital questionnaire concerning 
treatment preferences for PD.

In chapter 6, we showed that in the Netherlands in 2010 and in 2021, treatment 
for PD started mostly when patients experience disability, and that in the course 
of only one decennium, levodopa had become the treatment of first choice to start 
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pharmacological treatment with, at the expense of for example dopamine agonists. 
At the same time, deep brain stimulation (DBS) had become the treatment of first 
choice of the advanced treatment options for PD-related motor response fluctuations.

Further, we showed that surveying medical specialists with a short questionnaire 
about, for example, treatment preferences is feasible, takes only a short amount of 
time to fill in and helps to provide insight in treatment preferences. The results of 
our surveys add to the scarce data concerning real-life treatment preferences for the 
treatment of PD.23-25

When drawing up the questionnaire, we grappled with the level of detail we should 
incorporate. An ideal survey has a broad reach, in this case, involving as many 
neurologists as possible, and obtains a significant amount of detailed data. With 
a lengthy survey, intending to gather detailed data, many voluntary participants 
tend to discontinue answering the questionnaire, resulting in a lower response 
rate. In the Netherlands, individuals with Parkinson’s disease are usually treated by 
general neurologists in community hospitals – especially in the early stages when 
the decision to initiate medication treatment has to be made – and mostly not by 
highly specialized movement disorder neurologists in specialized, mostly academic, 
hospitals. Therefore, there was a need to widely distribute the survey to ensure a 
representative response of all neurologists treating PD in the Netherlands. It was 
also asked who considered themselves specialists in movement disorders, as they, 
after all, mostly initiate treatment for people with Parkinson’s disease. Because of the 
aim of a high response rate, we drew up a short survey, only asking a short time of 
the neurologist, using concise questions – in fact, the average time taken to fill in the 
questionnaire was only 1 minute. In line with this, we chose not include questions 
about, for example, monoamine oxide B-inhibitors, catechol-O-methyltransferase 
inhibitors, treatment preferences for more age groups, early or later treatment phases, 
or motor complications or non-motor symptoms. However interesting and doing 
more justice to PD as a whole, these options also immediately indicate how much 
longer and more complex the survey would have been, probably resulting in many 
more neurologists discontinuing answering the survey. A parallel, in depth survey 
focused on a smaller group of neurologists could be an option for a next survey to give 
more context to a simultaneous administered short survey such as described above.

The response rates of 50.5% and 41.4% were perceived as being high, keeping in mind 
that only two reminders were sent after the first invitation to complete the survey. 
However, data concerning average response rates to questionnaires similar to ours 
are not available. A small gift that was offered to every 25th entry may have helped to 
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increase response rate, although a randomized trial offering a higher possible reward 
than what we offered in a lottery-construction showed no effect of that incentive 
compared to no incentive on the response rate of a postal healthcare questionnaire 
directed at patients.26 Other literature on this subject shows conflicting results with 
regard to an incentive to fill in a questionnaire.27, 28

In 2021, more e-mail addresses of neurologists were available of neurologists known to 
be specialized in pediatric neurology, possibly partially explaining the lower response 
rate in 2021. Because of the overall high response rate and a large majority of the 
responding neurologists indicated not to be specialized in movement disorders, we 
feel that the presented results are probably from representative samples of neurologists 
in the Netherlands that treat PD. Neurologists that treat less or no patients with PD 
may be less likely to have filled in the questionnaire.

In 2010 it was not mandatory for the respondents to fill in the last three questions of 
the questionnaire; this was noticed only after the survey was closed and the results 
were received. For questions 5 and 6 this luckily resulted in only a few missing values 
(respectively 1.0% and 1.4%), but for question 4 – ‘At what moment do you start 
with levodopa?’ – this resulted in a much higher rate of 38.3% missing values. An 
explanation for this may be that some neurologists did not think this question was 
distinctive enough compared to question 2 – ‘At what moment do you start with 
medication in PD?’ – as for both questions, by far most respondents answered ‘when 
the patient experiences disability’. However, the answer to question 3 – ‘What is the 
best medication to start with in patients younger than 60 years?’ – can be juxtaposed 
to this viewpoint, as in 2010 dopamine agonists and levodopa were both often 
prescribed, possibly also influencing the answer to question 4 by some respondents 
not wanting to answer it because they were reluctant to prescribe levodopa.

The higher preference for levodopa in 2021 could be explained by the fact that 
there has been a gradual shift away from ‘levodopa fear’ in treatment guidelines, for 
example the Dutch guideline for the treatment of PD of 2020 and the ‘Dopaminergic 
therapy for motor symptoms in early Parkinson’s disease practice guideline of the 
American Academy of Neurology of 2021, and other literature on this subject.3 The 
results of the LEAP study may have contributed to this. Historically speaking, this 
means that the mainstay of the treatment of PD now again seems to have shifted 
towards levodopa.29 The results of the EARLYSTIM study may well have contributed 
to the change towards a more favorable opinion of DBS.30 A further possible country 
specific situation is that in the Netherlands at the time of the surveys, all three 
available advanced treatment options for PD – DBS, continuous intrajejunal levodopa 
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infusion and continuous subcutaneous apomorphine infusion – were available across 
the country, and reimbursed by health insurance companies. This possibly nudged 
the treating neurologist to base preference for one or the other advanced treatments 
primarily on patient specific characteristics. This context may make the results less 
comparable to countries with a different availability or reimbursement of advanced 
treatment options for PD, but such a comparison was not a goal of this survey. At the 
time of the surveys, subcutaneous levodopa infusion was not yet available as standard 
treatment, and therefore it was not included in the survey.

As a next step a wider European survey of neurologists or treating physicians could 
be set up, as it is unclear whether the results of the current survey can be extrapolated 
to other countries and treatment settings. Treatment preferences between countries 
could lead to finding clues as to where treatments could be improved, perhaps by 
pushing for a more targeted education of treating physicians or making certain 
treatments more readily available. Because of the internationally highly visible 
network of neurologists investigating Parkinson’s disease in the Netherlands, such an 
initiative could perhaps be led by Dutch researchers, for example under the umbrella 
of European Union funding. To learn how to improve the execution of such surveys 
and response rates, different reward systems for completing a survey or different ways 
of approaching the treating physicians could be included parallel to these surveys.

OT H E R F U T U R E D I R EC T I O N S

As the prevalence of PD is increasing, health care use of PD patients will further 
increase. Because of the current absence of a disease modifying treatment for PD, and 
having the results of the LEAP study in hand, it is encouraging to know that trials 
looking for possible disease modifying properties of medication for early PD with a 
placebo group are still possible.

When starting the preparations for the LEAP study in 2008 to 2010 when graduating 
from medical school, I was very happy to be able to help develop, start and execute 
the large LEAP study; it was big and beautiful, and pushed us to try new and creative 
concepts. All neurologists in the Netherlands seemed to know of the study and 
supported it. Many actually participated in recruiting patients. This was an important 
reason that the LEAP study eventually reached its relatively high recruitment 
target. The scope of the study was the first of its kind in the Netherlands, and the 
results were eagerly awaited internationally. Altogether, this gave me a strong sense 
that, at some point, ‘we’ could be heading towards having an integrated, national 
research agenda for movement disorders and thus, also for PD. I envisioned academic 
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neurology departments working together more closely in a collaborative, highly 
efficiently organized, high output research organization with easy, patient-friendly 
and neurologist-friendly recruitment and inclusion methods, with studies having no 
‘scalping-effect’ on each other. Through this, principal investigators, PhD-students 
and other research staff could greatly benefit from national standard operating 
procedures and excellent logistical support. A first practical step can be to try to set 
up a similar framework of collaborating Dutch hospitals in the context of a trial or 
research project, as was done for the LEAP study, and work on from there. I think 
the Netherlands is in an excellent position to ‘just do this’, or at least ‘just try it’, as it 
is small and has excellent logistical means at its disposal.
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SA M E N VAT T I N G

De ziekte van Parkinson (zvP) is een neurodegeneratieve ziekte die wordt gekenmerkt 
door de progressie van motorische symptomen bestaande uit bradykinesie, tremor 
en stijfheid. Tegelijkertijd ontwikkelt zich een reeks niet-motorische symptomen, 
waaronder hyposmie, Rapid Eye Movement-slaapstoornis, autonome stoornissen 
zoals hypotensie of obstipatie, dementie en psychiatrische symptomen zoals 
angst of depressie. Na de ziekte van Alzheimer is het de meest voorkomende 
neurodegeneratieve ziekte, met een prevalentie van ongeveer 1,6% bij mensen 
ouder dan 65 jaar; incidentiecijfers variëren tussen 8,5 en 19 per 100.000 mensen per 
jaar. De ziekte heeft een grote impact op het dagelijks leven. Veel patiënten werken 
bijvoorbeeld in de jaren vóór het stellen van de diagnose al minder, gaan eerder met 
pensioen en patiënten hebben een kortere levensverwachting.

De motorische symptomen bij de zvP worden veroorzaakt door de degeneratie van 
dopamineproducerende neuronen. Bij Parkinsonpatiënten is al meer dan 50% van 
de dopamineproducerende neuronen aangetast bij de eerste uiting van motorische 
symptomen. De behandeling is symptomatisch en gericht op vervanging van 
dopamine, meestal met de dopamine-precursor levodopa of met direct werkende 
dopamine-receptoragonisten (DA). Motorische symptomen van de zvP verbeteren 
meer met levodopa in vergelijking met DA.

Hoewel levodopa goedkoop en zeer effectief is, zijn er zorgen geuit dat levodopa 
toxisch zou kunnen zijn vanwege de mogelijkheid van dosisafhankelijke oxidatieve 
stress bij laboratoriumtests. Dit is nooit ondersteund door de resultaten van klinische 
onderzoeken. Bovendien was er bezorgdheid over bijwerkingen zoals dyskinesiën 
veroorzaakt door langdurige behandeling met levodopa. Dit resulteerde in het 
uitstellen van de start en tijdige aanpassingen van levodopa. Uit latere onderzoeken 
blijkt dat de belangrijkste risicofactoren voor dyskinesiën de duur van de ziekte 
en hogere doseringen levodopa zijn – en niet de duur van de levodopatherapie. 
En alhoewel levodopa-sparende strategieën inderdaad het begin van dyskinesiën 
vertragen in vergelijking met levodopa monotherapie, zullen vroeg of laat alle 
patiënten levodopa nodig hebben voor adequate controle van motorische symptomen. 
Daarnaast zijn geavanceerde behandelingsopties beschikbaar voor motorische 
symptomen, zoals diepe hersenstimulatie, wanneer motorische fluctuaties niet meer 
(relatief) gemakkelijk kunnen worden behandeld met orale medicatie.

Vanwege het progressieve karakter van de ziekte is er een grote behoefte aan een 
behandeling die het beloop van de ziekte gunstig beïnvloedt – in tegenstelling tot 
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alleen symptomatische behandeling. Er zijn verschillende onderzoeken gedaan naar 
de vraag of Parkinsonmedicatie ziektemodificerende eigenschappen heeft; helaas met 
negatieve of onduidelijke resultaten.

Samen met het ontbreken van definitief klinisch bewijs dat levodopa gunstige, 
negatieve of geen ziektemodificerende eigenschappen heeft, was er een voortdurende 
discussie over de potentiële ziektemodificerende eigenschappen van levodopa, 
maar tegelijkertijd ook over andere behandelingsopties voor de zvP, zoals DA of 
monoamine-oxidase B-remmers. Als levodopa bijvoorbeeld een gunstig of negatief 
ziektemodificerend effect zou hebben, zou het waarschijnlijk respectievelijk eerder 
of later in het verloop van de ziekte worden voorgeschreven. Het ontbreken van een 
ziektemodificerend effect van levodopa zou ook de start van levodopa in een vroeg 
stadium van de ziekte ondersteunen omdat het de motorische symptomen vermindert. 
Dus wat het antwoord ook mag zijn op de vraag of levodopa ziektemodificerende 
eigenschappen heeft, het antwoord hierop zal waarschijnlijk de behandeling van de 
ziekte beïnvloeden.

Het doel van dit proefschrift, ‘Levodopa bij de vroege ziekte van Parkinson’, is daarom 
om a) te onderzoeken of levodopa een gunstig ziektemodificerend effect heeft bij de 
zvP in een klinische studie en om de daarmee samenhangende behandelingskosten 
te beoordelen, b) te onderzoeken welke lessen kunnen worden getrokken uit de 
manier waarop het onderzoek is uitgevoerd, en c) of de houding ten opzichte van de 
behandeling van zvP is veranderd nadat de resultaten van het onderzoek beschikbaar 
zijn gekomen.

In hoofdstuk 2 wordt de opzet van de Levodopa in EArly Parkinson’s Disease 
(LEAP) studie beschreven. Het doel van de studie is om te onderzoeken of vroege 
behandeling met levodopa a) een gunstig ziektemodificerend effect heeft op 
symptomen van de zvP en functionele gezondheid, b) het vermogen om te (blijven) 
werken verbetert en c) het gebruik van (informele) zorg en het beroep op mantelzorg 
daalt en geassocieerde kosten dalen. Daarnaast zullen de kosteneffectiviteit en 
kostenutiliteit van de vroege behandeling met levodopa worden beoordeeld.

Om onderscheid te maken tussen de directe symptomatische effecten en 
mogelijke ziektemodificerende effecten van levodopa, wordt gebruik gemaakt 
van een gerandomiseerde, uitgestelde start, dubbelblinde, placebogecontroleerde, 
multicentrische onderzoeksopzet. Patiënten met de zvP in een vroeg stadium bij wie 
de functionele gezondheid het starten van Parkinsonmedicatie nog niet noodzakelijk 
maakt, werden gerandomiseerd naar ofwel 40 weken behandeling met driemaal 
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daags levodopa/carbidopa 100/25 mg inclusief 2 weken dosisescalatie, ofwel naar 
40 weken placebo driemaal daags. Vervolgens krijgen alle patiënten gedurende 40 
weken driemaal daags levodopa/carbidopa 100/25 mg. Er zijn 8 beoordelingen: bij 
aanvang en na 4, 22, 40, 44, 56, 68 en 80 weken. De primaire uitkomstmaat is het 
verschil in de gemiddelde totale scores op de Unified Parkinson’s Disease Rating Scale 
(UPDRS) tussen de groepen met vroege en uitgestelde start na 80 weken. Secundaire 
uitkomstmaten omvatten de progressie van de UPDRS-scores tussen week 4 en 40 
en non-inferioriteit van de vroege startgroep tussen week 44 en 80, de AMC Linear 
Disability Score, bijwerkingen, waargenomen kwaliteit van leven met de Parkinson’s 
Disease Questionnaire-39, de European Quality of Life-5 Dimensions, vermogen om 
te (blijven) werken, het gebruik van (informele) zorg, lasten voor de zorgverleners 
en kosten. Er moesten 446 nieuw gediagnosticeerde Parkinsonpatiënten zonder 
verminderde functionele gezondheid worden gerekruteerd om na 80 weken een  
minimaal klinisch relevant verschil van 4 punten op de totale UPDRS te kunnen 
aantonen.

In hoofdstuk 3 worden de resultaten beschreven van de LEAP studie. Er namen 
446 patiënten deel aan de studie. 445 patiënten werden willekeurig toegewezen aan 
een van de studiegroepen. 222 aan de groep met vroege start en 223 aan de groep 
met uitgestelde start. De gemiddelde (±SD) UPDRS-scores bij aanvang van de studie 
waren respectievelijk 28,1±11,4 en 29,3±12,1 voor de groepen met vroege en uitgestelde 
start. De verandering in de UPDRS-score vanaf de eerste meting tot 80 weken in de 
vroege en uitgestelde startgroepen was respectievelijk -1,0 ± 13,1 en -2,0 ± 13,0 (verschil 
1,0 punt; 95% BI -1,5 tot 3,5; P = 0,44). Tussen week vier en week 40 was de snelheid 
van progressie van de symptomen in UPDRS-punten per week respectievelijk 
0,04±0,23 versus 0,06±0,34 (verschil -0,02; 95% BI -0,07 tot 0,03), en tussen week 44 
en 80 respectievelijk 0,10±0,25 versus 0,03±0,28 (verschil 0,07; 90% BI 0,03 tot 0,10), 
waarbij niet werd voldaan aan de non-inferioriteitsmarge voor de vroege start in 
vergelijking met de uitgestelde startgroep. Er was geen verschil tussen de groepen 
in de mate van dyskinesie en door de behandeling geïnduceerde symptomatische 
fluctuaties. Hiermee werd aangetoond dat bij de vroege zvP levodopa/carbidopa 
100/25 mg driemaal daags gedurende 80 weken geen ziektemodificerend effect had.

Gecombineerd met de verbetering van de UPDRS-scores, de hogere scores 
voor de kwaliteit van leven in de vroege startgroep – opmerkelijk omdat alleen 
patiënten werden geïncludeerd van wie de functionele gezondheid het starten van 
Parkinsonmedicatie nog niet rechtvaardigde – en een vergelijkbaar percentage 
dyskinesiën en levodopa-gerelateerde fluctuaties na 80 weken ondersteunen deze 
resultaten het starten van de behandeling vroeg na de diagnose van de zvP.
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De economische evaluatie die tegelijkertijd met de LEAP-studie is uitgevoerd wordt 
beschreven in hoofdstuk 4. Vroege start met levodopa werd afgezet tegen uitgestelde 
start van levodopa. De kosteneffectiviteitsanalyse (CEA) en de kostenutiliteitsanalyse 
(CUA) werden uitgevoerd vanuit het maatschappelijk perspectief, inclusief 
gezondheidszorgkosten onder zorgverleners, niet vergoedbare eigen uitgaven van 
patiënten, werkgeverskosten van ziekteverlof en verminderde productiviteit tijdens 
het werk. De uitkomstmaat voor de CEA was de extra kostendaling per eenheid op de 
UPDRS 80 weken na de eerste meting. De uitkomstmaat voor de CUA was de extra 
kosten per extra voor kwaliteit gecorrigeerd levensjaar (QALY) tijdens de studie.

212 patiënten in de vroege startgroep en 219 patiënten in de uitgestelde startgroep 
rapporteerden gebruik van gezondheidszorgmiddelen. Met een besparing van 
€59 per patiënt (BCa 95% BI: -829, 788) in de vroege start vergeleken met de 
uitgestelde startgroep waren de maatschappelijke kosten in evenwicht. De groep 
met een vroege start toonde een gemiddelde van 1,30 QALY’s (BCa 95% BI: 1,26; 
1,33) versus 1,30 QALY’s (95% BI BCa: 1,27; 1,33) voor de groep met de uitgestelde 
start. Vanwege dit verwaarloosbare verschil zijn de incrementele kosteneffectiviteits- 
en kostenutiliteitsratio’s niet berekend. Vanuit economisch oogpunt suggereert 
dit onderzoek dat een vroege behandeling met levodopa niet duurder is dan een 
uitgestelde behandeling met levodopa.

Het organiseren en uitvoeren van een grote klinische studie is een complex proces 
en vaak worden de rekruteringsdoelstellingen niet gehaald. In hoofdstuk 5 wordt 
de organisatie van de LEAP studie en de resultaten van een externe beoordeling van 
het rekruteringsproces beschreven.

Er werden verschillende strategieën gebruikt om ervoor te zorgen dat de rekrutering 
voor het onderzoek effectief en efficiënt was. We analyseerden patronen in 
verwijzingen, inclusies en niet-inclusies om te onderzoeken of er knelpunten 
waren in het verwijzings- en inclusieproces. Voor de externe beoordeling van het 
wervingsproces is retrospectief gebruik gemaakt van de QuinteT Recruitment 
Intervention (QRI-Two), waarbij de nadruk lag op het vinden van mogelijke 
problemen die werving belemmerden.

De werving voor de studie duurde 57 maanden, wat 27 maanden langer was dan 
aanvankelijk verwacht. Van alle geschatte in aanmerking komende patiënten in 
Nederland werd 6,8% geïncludeerd. Het aantal verwijzingen verschilde sterk 
tussen de deelnemende centra en regio’s in Nederland, waarbij de regio van het 
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hoofdstudiecentrum de meeste verwijzingen kende. Redenen voor uitsluiting van 
deelname aan de studie varieerden per regio, omdat in sommige regio’s meer patiënten 
al begonnen waren, wilden beginnen of niet wilden beginnen met Parkinsonmedicatie 
vergeleken met andere regio’s.

De resultaten suggereren dat centra met nauwere institutionele banden met een 
hoofdstudiecentrum doorgaans een hoger verwijzingspercentage hebben. De 
beoordeling van de wervingsstrategieën en gegevens van de LEAP studie met behulp 
van de QRI-Two leken er op te wijzen dat de variaties in verwijzingen en redenen 
voor niet-inclusie zouden kunnen wijzen op de aanwezigheid van problemen die 
verband houden met de klinische gelijkwaardigheid van beschikbare opties (clinical 
equipoise), geschiktheid van patiënten voor de studie of presentatie van de studie aan 
de patiënt. Het integreren van een recruteringsinterventie tijdens de studie had deze 
problemen kunnen onderzoeken en zou de rekruteringsefficiëntie kunnen hebben 
vergroot.

Om de houding ten opzichte van de behandeling van de zvP onder neurologen 
in Nederland in 2010 te onderzoeken en om te beoordelen of deze houding een 
decennium later was veranderd, werden de neurologen in Nederland vragen 
voorgelegd. In hoofdstuk 6 wordt beschreven hoe in januari 2010 en in oktober 
2021 dezelfde digitale vragenlijst over behandelvoorkeuren voor de zvP werd 
verzonden naar neurologen werkzaam in Nederland. In 2010 en 2021 werden 
respectievelijk 568 en 753 neurologen in Nederland benaderd. In 2010 vulden 287 
(50,5%) neurologen en in 2021 321 (41,4%) neurologen de vragenlijst in. In 2010 gaf 
84,7% van de neurologen aan medicamenteuze behandeling voor de zvP te adviseren 
wanneer de patiënt invaliditeit ervaart, vergeleken met 80,9% in 2021 (p=0,24). In 
2010 gaf 40,1% van de neurologen aan te adviseren om behandeling met levodopa 
te starten bij patiënten jonger dan 60 jaar; 43,6% adviseerde behandeling met een 
DA te starten. In 2021 veranderde dit patroon met respectievelijke percentages van 
86,2% en 10,3% (vergelijking tussen 2010 en 2021; p<0,001). In 2010 gaf 38,2% van 
de neurologen aan dat het verantwoord was om een   behandeling met levodopa te 
starten voor patiënten jonger dan 55 jaar, terwijl in 2021 72,4% van de neurologen 
aangaf dat het verantwoord was (vergelijking tussen 2010 en 2021; p<0,001). De 
resultaten van dit onderzoek laten zien dat er in Nederland tussen 2010 en 2021 een 
kentering heeft plaatsgevonden in de richting van een gunstiger oordeel over het 
gebruik van levodopa voor de behandeling van de zvP. De grotere voorkeur voor 
levodopa zou verklaard kunnen worden door het feit dat in behandelrichtlijnen een 
geleidelijke verschuiving heeft plaatsgevonden waarbij ‘levodopa-angst’ langzaam is 
weggevloeid. Mogelijk hebben de resultaten van de LEAP studie hieraan bijgedragen. 
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Historisch gezien betekent dit dat de steunpilaar van de behandeling van de  zvP 
nu opnieuw lijkt te zijn verschoven naar levodopa. De resultaten dragen bij aan 
de schaarse gegevens over behandelvoorkeuren in de praktijk voor de behandeling 
van de ziekte. Ook blijkt dat het enquêteren van medisch specialisten met een korte 
vragenlijst over bijvoorbeeld behandelvoorkeuren haalbaar is en nieuwe inzichten 
kan opleveren over behandelvoorkeuren.
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ALDS	 academic medical center linear disability score
ANCOVA	 analysis of covariance
BDI II	 Beck depression inventory II
CEA	 cost-effectiveness analysis
CILI	 continuous intrajejunal levodopa infusion
CONSORT	 consolidated standards of reporting trials
CSAI	 continuous subcutaneous apomorphine infusion
CUA	 cost-utility analysis
DA	 dopamine agonist
DBS	 deep brain stimulation
DCM	 Dutch costing manual for health care research
EQ-5D	 European quality of life-5 dimensions
IPS	 intention to participate statement
MDS-UPDRS	 movement disorders society unified Parkinson’s disease rating scale
MMSE	 mini mental state examination
PD	 Parkinson’s disease
PDQ-39	 Parkinson’s disease questionnaire-39
PPMI	 Parkinson’s progression markers initiative
QALY	 quality adjusted life years
QRI	� qualitative research integrated within trials recruitment 

intervention
RCT	 randomized clinical trial
UPDRS	 unified Parkinson’s disease rating scale
TID	 ter in die
zvP	 ziekte van Parkinson
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DA N KWO O R D

Dit proefschrift is tot stand gekomen door de samenwerking met en betrokkenheid 
van veel verschillende mensen. Graag bedank ik iedereen die een bijdrage heeft 
geleverd aan het onderzoek in dit proefschrift. Een aantal mensen bedank ik in het 
bijzonder.

Alle patiënten, neurologen en arts-assistenten die hebben deelgenomen aan de LEAP 
studie. Zonder uw medewerking was dit boekje er niet gekomen. Als deelnemende 
patiënt had u net te horen gekregen dat sprake was van de ziekte van Parkinson: het 
is dapper dat u op dat moment over uw eigen schaduw van spanning en verdriet 
heen kon stappen om tegelijkertijd aan een groot en langdurig onderzoek mee te 
doen. Tijdens de vele informatiegesprekken die ik voerde met patiënten, vaak bij hen 
thuis, werd mij pas duidelijk wat dergelijke diagnoses voor het leven van patiënten 
en hun omgeving betekenen.

Promotor prof. dr. R.M.A. de Bie. Beste Rob, we hebben elkaar ontmoet tijdens mijn 
wetenschappelijke stage als student geneeskunde in 2005 of 2006; je was toen met 
Hans Speelman betrokken bij het maken van het protocol voor het onderzoek met 
1-octanol bij patiënten met essentiële tremor. Ik vond in mijn agenda terug dat we 
op 29 januari 2008 – ik houd het allemaal bij – voor het eerst hebben gesproken 
over een promotietraject. Eerst was je co-promotor, later vanzelfsprekend zelf mijn 
promotor – en daar ben ik trots op. Het was een héél lange weg naar dit proefschrift. 
Hoe vaak heb je me de metafoor verteld waarin je je vader hielp een grote stapel 
bakstenen te verplaatsen, kruiwagen voor kruiwagen? Het is vaak door mijn hoofd 
gegaan. Wat me het meest aantrok was de compleetheid van het onderzoek. Bij álles 
ben ik betrokken geweest: de opzet en uitwerking van de studie, het tot het laatste 
moment sleutelen aan de diverse subsidie-aanvragen, als een autoverkoper door het 
land reizen om de studie aan de man te brengen, de database bouwen en vullen, de 
immense Trial Master File maken, de diverse controles van de Clinical Research Unit 
voorbereiden, de patiëntenbezoeken, maken van posters en praatjes voor congressen 
en het schrijven van de artikelen. Het is te veel om op te noemen en heeft ertoe geleid 
dat ik me breed heb kunnen ontwikkelen en veel mensen heb leren kennen. Naast 
de inhoud heb je me laten zien hoe je grote en kleine onderzoeken van de grond 
kunt krijgen en hoe je soepel over praktische of politieke hobbels heen kunt komen. 
Je bent precies en kritisch – behalve als het over Ajax gaat – en weet de klinische 
relevantie van onderzoek in bredere zin scherp voorop te zetten. Hierdoor ben je 
inmiddels de well known trialist, zoals je eens werd getypeerd, én een goede arts. 
Bedankt voor je blijvende steun en alle kansen die je me hebt geboden. Ik daag je 
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DANKWOORD

graag uit om soms wat dingen een beetje los te laten. Bedankt voor alle leuke dingen 
die je ondernam met je promovendi zoals de vele diners en het mogen meevieren 
van je grote life-events zoals de geboorte van je zoons!

Promotor prof. dr. M.G.W. Dijkgraaf. Beste Marcel, we hebben elkaar in de aanloop 
naar de LEAP-studie en het uitwerken van de kosteneffectiviteitsanalyse vaak 
gesproken. Je hebt mondeling en op schrift het grote talent om in de helft van de 
gebruikelijke hoeveelheid woorden minstens dubbel zoveel informatie over te 
brengen. Een overleg met jou duurde daarmee dan ook vaak opvallend kort, waarbij 
tegelijkertijd wél alles werd besproken en er veel ruimte was voor humor. Dat ik 
vervolgens vaak uren nodig had om alle inhoudelijke kennis die je overbracht goed 
te laten landen, heb je hoop ik nooit beseft. Bedankt voor alle hulp, geduldige uitleg 
en het richting geven aan dit stuk van het onderzoek wat voor mij helemaal nieuw 
was met mijn artsenachtergrond.

De overige leden van de promotiecommissie, prof. dr. H.W. Berendse, prof. dr. J. Booij, 
dr. A.J.W. Boon, dr. C.A.J.M. de Borgie, dr. V.J.J. Odekerken, prof. dr. P. Portegies en 
prof. dr. E. Richard; hartelijk dank voor de bereidheid mijn proefschrift te beoordelen 
en zitting te nemen in mijn promotiecommissie.
Beste Henk, ik vond het erg leuk je beter te leren kennen tijdens de diverse 
gezamenlijke opleidingsvisitaties onder de paraplu van de Plenaire Visitatie 
Commissie van de Nederlandse Vereniging voor Neurologie; leerzaam om bij te 
dragen aan de opleiding en te zien hoe vorm werd gegeven aan de opleiding tot 
neuroloog. Beste Jan, bedankt voor je grote bijdrage aan de DAT-SPECT-studies 
samen met Sven. Beste Agnita: sinds ik in Dordrecht werk heb ik je vaker gesproken 
over patiënten waar ik niet goed uit kwam. Ik waardeer je scherpe, maar praktische 
klinische blik en enorme ervaring. Vincent en Edo: jullie komen verderop nog aan 
de beurt.

Professor dr. R.J. de Haan, beste Rob, jouw betrokkenheid was essentieel tijdens het 
ontwerpen van de LEAP studie. Rob en ik waren regelmatig op jouw kamer te vinden 
om te bespreken op welke momenten we welke metingen zouden kunnen of moeten 
verrichten. Bedankt voor alle uitleg en gezelligheid. Heel prettig om zomaar binnen 
te kunnen lopen om met je van gedachten te kunnen wisselen: die toegankelijkheid 
waardeer ik zeer.

Prof dr. M. Vermeulen en prof. dr. J. Stam, bedankt voor de mogelijkheid om op de 
afdeling neurologie van het AMC te kunnen starten met de opleiding tot neuroloog 
en dit promotie-onderzoek. Beste Rien, je hebt me laten zien dat je altijd moet zorgen 
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dat de patiënt krijgt wat die nodig heeft aan ondersteuning, ook al is dat buiten de 
gebaande paden. Beste Jan, je hebt helemaal aan het begin georganiseerd dat ik als 
student-assistent bij Hans Speelman aan de slag kon; tijdens de opleiding heb je een 
grote rol gespeeld in me gestructureerd laten nadenken over de klinische neurologie. 
Een van je gevleugelde oneliners was dat ‘intervisie het beste in de kroeg plaatsvindt’. 
– wat in belangrijke mate heeft bijgedragen aan het maken van goede vriendschappen 
met andere AIOS van het AMC.

Alle neurologen van het AMC, in het bijzonder de (voormalig) opleiders en 
afdelingshoofden: prof. dr. J. Stam, prof. dr. M. Vermeulen, prof. dr. Y.B.W.E.M. 
Roos, prof. dr. I.N. van Schaik, dr. J.H.T.M. Koelman en dr. B.M. van Geel. Bedankt 
voor het vormgeven van mijn opleiding en voor de ondersteuning bij het doen van 
wetenschappelijk onderzoek.

Dr. J.D. Speelman, beste Hans, bedankt voor je begeleiding van mij als student-
assistent van 2004 tot 2006, waarbij ik gelijk al bij de wekelijkse bewegingsstoornissen-
videosessies mocht zijn en je me een stapel lekker dikke papieren dossiers gaf om het 
een en ander uit te zoeken. Tijdens mijn wetenschappelijke stage liet je me zien wat 
er in de praktijk zoal bij onderzoek komt kijken en enthousiasmeerde je me daarvoor. 
Ik vond het fantastisch om te zien dat het te regelen was dat in onderzoeksverband 
de benodigde 1-octanol gewoon door de eigen apotheek van het AMC werd bereid 
– inmiddels kan dat niet meer zomaar, we worden al oud – en dat je als ‘gewone 
student’ al een écht eigen onderzoekje kon opzetten. Bedankt voor het vertrouwen 
en de ruimte voor zelfstandigheid die je me gaf.

Alle co-auteurs; bedankt voor jullie bijdrage aan de verschillende artikelen.

De onderzoeksverpleegkundigen van de LEAP studie: Stefanie de Vries, Janneke 
Prudon, Sonja Cuppen, Danny van der Sluis, Lars Oude Nijhuis, Jorine van Heeden, 
Tiny Simon en Jolan Hendriks. Dank voor jullie harde werk: dankzij jullie is de 
uitstekende follow-up tot stand gekomen. Hoeveel kilometer hebben de LEAP 
studiekoffers samen gerold voor de huisbezoeken? Stefanie: bedankt voor de 
gezelligheid en het kritisch meedenken. Door je aanpak-mentaliteit konden allerlei 
praktische punten in de uitvoering rondom de studiemetingen verder worden 
verbeterd. Die muur van gele LEAP onderzoeksmappen maakte de onderzoekskamer 
een stuk vrolijker!

Alle voormalig arts-assistenten en inmiddels neurologen van de afdeling Neurologie 
uit het AMC, hartelijk dank voor de fijne tijd tijdens de opleiding op de werkvloer, 
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maar ook zeker daarbuiten. De grote hoeveelheid borrels, feestjes en feesten, 
BabinSki- en assistentenweekenden hebben allemaal bijgedragen aan de fijne 
samenwerking en het goede groepsgevoel. Een aantal van jullie wil ik in het bijzonder 
noemen.

Joost Costerus, zelfbenoemde MooiBoy van het AMC en ver daarbuiten, ik waardeer 
je nuchtere, scherpe kijk op van alles en nog wat. Je hobbelt nooit zo maar mee met 
de kudde. Jij zorgt ervoor dat over alles waar maar met moeite om gelachen kan 
worden, dat tóch gebeurt.

Suzanne Silvis, hartelijk dank voor al het plezier en je constructieve blik bij het 
een of ander wat zich voordoet. Je bent op de een of andere wonderlijke manier 
altijd van álles op de hoogte en pragmatisch met oplossingen maar wél ‘zacht op 
de relatie’; erg prettig. Ontzettend leuk dat je na collega als arts-assistent ook weer 
collega als neuroloog bent en we ook onze status als ‘import-Dordt’ delen. We delen 
onze coping-stijl om de dingen die we in het ziekenhuis meemaken van ons af te 
praten – het moet allemaal niet te serieus worden, en Derk draagt daar graag aan bij.

Jurgen Piet, Laura Posthuma, Daan Velseboer en Sandra van der Salm, bedankt dat 
ik mocht toetreden tot de selecte Elite Class of 2011-club. We hebben al die jaren veel 
voor en met elkaar gekookt en lief en leed gedeeld. Tot mijn grote plezier blijven 
we dat nu zo’n 15 jaar later nog steeds doen! Alhoewel we allemaal echt erg ons best 
deden, heeft Daan natuurlijk wel recht op de Eeuwige Gouden Pollepel als beste 
kok van de hele wereld. Daan, in het bijzonder mogen je in ossenvet gefrituurde 
bitterballen hier niet onvermeld blijven. Op naar de volgende 15 jaar!

Mijn oud-kamergenoten van de Brain Rot Room in volgorde van de tijd: Edo Richard 
– wat leuk en bijzonder dat je nu onderdeel bent van mijn promotiecommissie. Ik 
waardeer je focus op wat écht zinvol is voor een patiënt. Marc ‘dat moet ik eerst aan 
mijn vrouw vragen’ Engelen, Vincent ‘is ’t al Gangstâh Friday?’ Odekerken, Daan ‘ze 
gaan me vandaag weer zo veel pijn doen’ Velseboer, Sven ‘zit er weer een plakbandje 
van Vincent onder mijn muis?’ Suwijn, Henrieke ‘ik laat het op me afkomen en me 
niet gek maken’ Frequin en Timo ten Brink. Sven: bedankt voor de bergen werk 
die ook jij hebt verzet voor dit onderzoek en alles wat er mee te maken heeft gehad. 
Vincent: ontzettend leuk dat je copromotor bent; bedankt voor je bijdrage. Allen 
bedankt voor het delen van de highs en lows – en wat was het fijn om bij gelegenheid 
ongegeneerd te kunnen klagen over wat er allemaal, en natuurlijk niet door eigen 
toedoen, was voorgevallen. Het was een feest in ons aquarium – The Office was er 
niets bij.

DANKWOORD
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Mijn paranimfen! Ik waardeer het enorm dat jullie aan mijn zijde staan tijdens de 
verdediging van dit proefschrift.

Philip Kremer, we werden maten tijdens het skiën; Clubje Hard Omlaag En Weer 
Omhoog. Een paar van mijn mooiste ski-afdalingen hebben we samen gemaakt. Mooi 
om elkaar te pushen nog een keertje extra te gaan. Ik was diep onder de indruk als je 
voorafgaand of na een dag skiën nog ‘even’ een rondje ging rennen – exemplarisch 
voor je ambitie en discipline. Gelukkig sloot je daarna ook nog aan bij de après-ski 
en werd je intern beroemd onder de naam Philip ‘Wegzet’ Kremer – wat ik daarna 
overigens ook soms ben gaan doen, maar dat weet niemand. Ook buiten de sneeuw 
weten we elkaar te vinden. En Marjolein, wat leuk om jou via Philip te leren kennen; 
waar je komt blijft Brabantse warmte achter!
Inge Hoogland, wat ben je gezellig, zorgzaam en precies. Ik ben altijd verbaasd over 
je grote hoeveelheid energie. Verder heb je waarschijnlijk op je MRI een zichtbare, 
extra mensenkennishersenkwab. Bedankt dat ik daar af en toe van gebruik mocht 
maken. Jij noemde het al in jouw proefschrift – maar nu ook jij via deze weg bedankt 
voor het organiseren van de leuke BabinSki-weekenden. Te gek om samen zo’n 
event te organiseren waar elk jaar naar werd uitgekeken. Wij optimaliseerden de 
beschikbare feest- en skitijd. Gelukkig is Hoef en Haag City vlak bij Dordrecht!

Beste neurologen en physician assistants van de vakgroep neurologie van het Albert 
Schweitzer ziekenhuis, bedankt voor het blijven aanmoedigen en het meevieren van 
de successen. Heel fijn dat jullie mijn collega’s zijn. Door jullie heb ik het erg naar 
mijn zin in het ASz; we zijn écht een sterk team.

Alle andere lieve vrienden, hartelijk dank voor jullie afleiding en relativering. Onder 
andere Stijn en Laurette, Paul en Freya, Bart en Sabine: zonder jullie was het niet 
gelukt. Hetzelfde geldt overigens ook voor alle andere beste en goede vrienden. 
Bedankt voor jullie verbazing en verwondering over hoe dingen soms lopen in een 
ziekenhuis en tijdens een promotietraject; de academische wereld onttrekt zich 
inderdaad soms aan de zwaartekracht.
A special shout out to my McGill-friends: thank you so much for the great weekends 
almost every year since our time together back in the day in 2006-2007.

Lieve familie, in het bijzonder Willem, Anne Marie en Sophie: bedankt voor de 
nodige morele steun, schouderklopjes en vele harten onder de riem. Jullie bleven 
me al die jaren steevast maar vragen ‘hoe het ging met de promotie’ – ook al lag 
het soms even of wat langer dan even stil; jullie motiveerden me om door te blijven 
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gaan. Lieve Marie-Anne en Giap, ik kan altijd bij jullie terecht, zonder uitzondering 
omlijst met een gulle gastvrijheid. Lieve Michel en Liesbeth, ik waardeer jullie brede 
interesse in de mensen om je heen; een gesprek met jullie zet altijd aan tot denken.
Lieve doctoren Jeroen, Giap en Eleonore: mooi om samen met jullie in de voetsporen 
van jullie (schoon)vader en onze opa te treden. Lieve andere ooms, tantes, neven 
en nichten de Sonnaville: wat leuk om weer een reden voor een feestje te hebben!

Lieve Rob en Aletta, wat heb ik het getroffen met jullie als schoonouders. Aletta, wat 
jammer dat je er niet meer bent. Rob, wat leuk en fijn dat je nu dichtbij in Dordrecht 
woont! De kinderen zijn dol op je.

Lieve pappa en mamma, bedankt voor jullie liefde, onvoorwaardelijke steun en 
kansen die jullie me hebben gegeven. Lieve mamma, wat ben je er al lang niet 
meer. Ik weet dat je samen met pappa deze mijlpaal ook groots had meegevierd! 
Lieve weledelzeergeleerde pappa, Josephine en Veronique vinden het heerlijk als je 
voorleest, met ze kleurt, bouwt, dingen onderneemt en er gewoon voor ze bent – en 
ik ook. Nog vele jaren!

Lieve Josephine en Veronique, wat fijn dat jullie er zijn. Het is zó veel leuker, 
gezelliger en zinvoller met jullie erbij. Jullie zorgen ervoor dat ik beter begrijp wat 
belangrijk is in het leven. Ik kijk uit naar alle dingen die we samen nog mee gaan 
maken!

Lieve Annelies, bedankt voor je liefde, steun, humor, relativeringsvermogen en me 
kritisch bevragen als ik me afvroeg hoe ik het maken van dit boekje moest combineren 
met alle mooie dingen die in de loop der jaren op ons pad zijn gekomen. Je hebt me 
heel veel thee en pure chocola met hele hazelnoten gebracht om dit in de schaarse 
avonduren voor elkaar te krijgen. Je bent een fantastische moeder. Er zijn weinig 
dingen in het leven die langer meegaan dan dit promotietraject – ik ben zo blij dat 
jij daarbij hoort. Samen kunnen we alles aan en is het leven mooi!

DANKWOORD
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Constant is married to Annelies Verschuur – Oudshoorn; they have two lovely 
daughters, Josephine and Veronique.

175681_Verschuur_BNW-proef V3.indd   142175681_Verschuur_BNW-proef V3.indd   142 06-02-2025   11:0606-02-2025   11:06



143 

ABOUT THE AUTHOR

175681_Verschuur_BNW-proef V3.indd   143175681_Verschuur_BNW-proef V3.indd   143 06-02-2025   11:0606-02-2025   11:06








