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Abstract. Parkinson’s disease is an age-related degenerative disorder of the central nervous system that
often impairs the sufferer’s motor skills and speech, as well as other functions. Symptoms can include
tremor, stiffness, slowness of movement, and impaired balance. An estimated four million people
worldwide suffer from the disease, which usually affects people over the age of 60. Presently, there is no
precedent for approving any drug as having a modifying effect (i.e., slowing or delaying) for disease
progression of Parkinson’s disease. Clinical trial designs such as delayed start and withdrawal are being
proposed to discern symptomatic and protective effects. The current work focused on understanding the
features of delayed start design using prior knowledge from published and data submitted to US Food
and Drug Administration (US FDA) as part of drug approval or protocol evaluation. Clinical trial
simulations were conducted to evaluate the false-positive rate, power under a new statistical analysis
methodology, and various scenarios leading to patient discontinuations from clinical trials. The outcome
of this work is part of the ongoing discussion between the US FDA and the pharmaceutical industry on
the standards required for demonstrating disease-modifying effect using delayed start design.

KEY WORDS: delayed start; disease modification; neuroprotection; Parkinson’s disease;
randomized start.

INTRODUCTION

Parkinson’s disease (PD) belongs to a group of conditions
called movement disorders and is principally the result of the
loss of dopamine-producing brain cells in the midbrain. Phar-
maceutical companies are attempting to develop drugs that can
potentially slow the progression of Parkinson’s disease which is
also referred to as “disease modification.” Currently, there are
no US Food and Drug Administration (US FDA)-approved
drugs that have a claim for Parkinson’s disease modification.

For regulatory approval of treatments that offer symp-
tomatic benefit in early Parkinson’s disease patients, clinical
trials have used a double-blind, placebo-controlled, parallel
group design with fixed or flexible dosing strategy. A variety

of efficacy outcome measures (one or more combinations of
subscales of the Unified Parkinson’s Disease Rating Scale
[UPDRS]) and need for additional symptomatic therapy such
as dopaminergic agonists, levodopa, have been used to assess
the effects of treatment.

However, the current criteria for approval of drugs for
Parkinson’s disease based on the change in “total” UPDRS
(sum of parts I, II, and III) or individual parts of “total”
UPDRS at the last visit do not differentiate drug effects that
could be symptomatic, disease modifying, or both (Fig. 1). A
two-phase study design (e.g., randomized withdrawal, delayed
start) has been proposed to discern symptomatic and disease-
modifying effects (Fig. 2). However, the withdrawal design
can be complicated by various challenges such as, uncertainty
of the duration of the withdrawal phase, and higher likeli-
hood of patient discontinuation during the withdrawal phase.
To overcome some of these concerns, an alternate design
known as a randomized start design or delayed start design
(1–3) has been proposed. To the best of our knowledge, there
is only one published clinical trial that utilized this design (4).

In clinical trials utilizing a delayed start design, patients
are initially randomized to placebo or study drug for a certain
duration (e.g., 36 weeks). This phase is referred to as the
placebo control phase. At the end of the placebo control
phase, patients who were randomized to placebo are switched
to the study drug. The phase on study drug post 36 weeks is
referred to as the active control phase. Patients who were
randomized to the study drug initially during the placebo
control phase will continue to receive drug in the active
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control phase. The patients who received placebo in the
placebo control phase are referred to as the delayed start
group. Patients who received treatment in both phases are
referred to as the early start group.

The evidence of a disease-modifying benefit could be
potentially demonstrated by testing the following hypotheses:

(a) In the placebo control phase, the slope of total
UPDRS change over time for the study drug group is
shallower than that for the placebo group.

(b) At the end of the active control phase, the early-start
group would have a lower total UPDRS change
compared to the delayed start group.

(c) In the active control phase, the slope of total UPDRS
change over time for the early and delayed start
groups remains parallel.

To propose a valid statistical methodology to analyze
data from delay start design trials, it is important to: (1) gain
insights into the characteristics of disease progression and

Fig. 1. Mean change from baseline total UPDRS score in a parallel design fixed dose trial
comparing placebo (1) and drug that has purely symptomatic (2), purely disease-modifying
(3), or combined symptomatic plus disease-modifying treatments

Fig. 2. Mean change in total UPDRS score in a delayed start and withdrawal design trial
comparing placebo, symptomatic + disease-modifying treatment
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patient discontinuation patterns, from prior clinical trials; and
(2) conduct extensive simulations to gain insights into the
design features. Specifically, it is important to address the
following questions:

1. What mathematical model describes the natural
progression of total UPDRS?

2. What are the appropriate approaches/tests to evaluate
a disease-modifying effects of a drug in a delayed start
design?

3. What are false-positive and false-negative rates of the
proposed statistical tests?

METHODS

Data

Our trial database included information from nearly 1,500
patients with early Parkinson’s disease. The duration of the trials
ranged from 3 to 18 months. Data from open-label extension
trials (up to 3 years) were also examined. Information on
demographic factors such as age, duration of Parkinson’s disease,
age at onset of disease, baseline total and subscale UPDRS
scores, gender, race, and concomitantmedicationswere collected.

Disease Progression and Drug Effect Models

The models that describe the longitudinal course of total
UPDRS change in placebo and treatment groups are
described below.

Natural Disease Progression and Placebo Effect

The characteristics of natural disease progression were
examined in patients treated with placebo in clinical trials
using Eqs. 1 and 2 as shown below (5,6):For data collected
from baseline and all visits

Score ¼ �0 þ �1 � Timeð Þ þ �2 � Plbð Þ � 1� eke0�Time
� � ð1Þ

For data collected post mean time of 8 weeks

Score ¼ �0 þ �1 � Timeð Þ ð2Þ

where Score refers to change from baseline total UPDRS
score or total UPDRS score, Plb to the placebo group, β0 to
the intercept, β1 to the slope of the placebo group, β2 to the
symptomatic effect in the placebo group, and ke0 to the rate
constant which influences the time to reach the maximum
symptomatic effect.

Treatment Effect

The treatment group data are often modeled along with
the placebo group data using Eq. 3 as shown below. The
model is used to describe both the disease progression
characteristics and symptomatic effects simultaneously.

Score ¼ �0 þ �1 � Plbþ �2 � Trtð Þ � Time

þ �3 � Plbþ �4 � Trtð Þ � 1� eke0�Time
� � ð3Þ

Where Score refers to change from baseline total UPDRS
score or total UPDRS score, Plb to placebo, Trt to treatment,
β0 to the intercept, β1 to the slope of the placebo group, β2 to
the slope of the treatment group, β3 to the symptomatic effect
in the placebo group, β4 to the symptomatic effect in the
treatment group, and ke0 to the rate constant which
influences the time to reach the maximum symptomatic
effect. In case where a drug has no disease-modifying
benefits, the difference (β1−β2) will be zero.

Clinical Trial Simulations

The disease progression and drug effect, along with the
likelihood of a patient discontinuation at each visit, were used
to simulate 1,000 clinical trial replicates using SAS®. To
assess the false-positive rates, we assumed the presence of
only a symptomatic drug effect in which the slope of the
disease progression remained the same for both treatment
groups. To assess the statistical power, we simulated trials
(sample size ranged from 50 to 600 per group) in which the
study drug was assumed to slow disease progression by 20%,
30%, 40%, 50%, or 60%.

Clinical Trial Design

The study duration for clinical trial simulations was
72 weeks with two groups. A total of 500 virtual subjects were
enrolled. The allotment was 1:1 per group (250 subjects per
group). The study comprised of two phases: placebo control
phase (0–36 weeks) and active control phase (37–72 weeks).
Patients were assigned to the placebo group or study drug group
during the placebo control phase. At the end of the placebo
control phase, the patients who were randomized to the placebo
group were switched to the study drug for the active control
phase. Patients who received the study drug in the placebo
control phase continued to receive the study drug in the active
control phase. The total UPDRS score was recorded at weeks 0,
4, 12, 24, 36, 42, 48, 54, 60, 66, and 72.

Disease Progression Model

Table I lists the model parameters that were used for
simulating the longitudinal time course of total UPDRS
scores in the placebo and treatment groups. A rate constant
of 0.693/week was used in the simulation to achieve the
maximum symptomatic drug effect for the early start group
within the first 12 weeks in the placebo control phase and for
the delay start group in the first 12 weeks of the active control
phase. No prognostic factors were included for simulating the
baseline scores. It was assumed that the symptomatic effects
were independent of baseline and no prognostic factors
influence the rate of disease progression.

Missing Data Scenarios

Missing data are commonly grouped into three missing
datamechanisms based on the reasons for patient drop out (7,8).

1. Missing completely at random (MCAR): Data are
considered to be MCAR if the reason for discontin-
uation is not related to the trial. For example, a

458 Bhattaram, Siddiqui, Kapcala and Gobburu



patient moves to another geographical location and
hence cannot continue in the trial.

2. Missing at random (MAR): Data are considered to be
MAR if the reason for discontinuation is directly
related to the observed outcome measures. For
example, a patient discontinues as he/she experiences
drug toxicity or the symptoms worsen. Even when
toxicity develops or symptoms worsen, some patients/
physicians may decide not to discontinue from the
study while others may elect otherwise. These choices
can be extremely subjective, and hence they are still
considered random.

3. Missing not at random (MNAR): Data are considered
to be MNAR if the discontinuation is due to
unobserved outcome measures. For example, a
patient’s symptoms could suddenly worsen to such
an extent and have a major impact on the patient’s
health that ultimately results in the patient’s death. In
this case, this patient’s score on the outcome measure
before death could never be collected.

The missing data are also grouped as ignorable missing
and non-ignorable missing. The ignorable missingness
includes the MCAR and MAR mechanisms, and non-
ignorable missingness include the MNAR mechanism.

Clinical trials evaluating the effects of various treatments in
patients with early Parkinson’s disease show that about
approximately 30–40% of them need additional symptomatic
therapy within 12 months of treatment initiation (4,9–11).
Hence, in current simulations at each of these visits, it was
assumed that a certain percentage of patients would discontinue
from the study drug or placebo group either due to a need for
additional symptomatic therapy or treatment-related adverse
events (Fig. 3). The need for additional symptomatic therapy
was simulated with the assumption that a patient with a higher
change from baseline UPDRS is more likely to need additional
therapy than others with a lower change from baseline. At each
visit, patients were ranked, large positive to large negative
change, based on their change from baseline UPDRS scores. A
proportion of the patients based on their rank were discon-
tinued. On the other hand, patients were randomly discontinued
due to treatment-related adverse events between 12 and
20 weeks. The timing of these tolerability events was chosen
such that a similar percentage of patients in the early and delay
start groups would discontinue.

Statistical Analysis Methodology

The following hypotheses were tested at a significance
level of 0.05 (two tailed) in our simulation studies evaluating
a disease-modifying effect of a drug using a delayed start

Table I. Summary of Model Parameters Used to Simulate the Longitudinal Course of Parkinson’s Disease

Group Parameter Mean Variability (%)

Placebo Rate of progression (slope) 0.16 50
Symptomatic effect 0.8 50
Rate constant for time to attain maximum symptomatic effect 0.693 50
Baseline UPDRS 25 50

Drug Rate of progression (slope) 0.16 50
Symptomatic effect 2 50
Rate constant for time to attain maximum symptomatic effect 0.693 50
Baseline UPDRS 25 50

Units for rate of progression (slope)—per week; symptomatic effect—UPDRS; rate constant for time to attain maximum symptomatic effect
(ke0)—per week
UPDRS Unified Parkinson’s Disease Rating Scale

Fig. 3. Percentage of patients remaining in the study under the
assumption that: equal percentage of patients in early and delayed
start group in the study need additional symptomatic therapy
(scenario = 1), higher percentage of patients in delayed start group
need additional symptomatic therapy due to initial placebo treatment
(scenario = 2), and higher percentage of patients in early start group
have tolerability issues with drug followed by a similar percentage of
patients in delay start group when they are switched from placebo to
drug (scenario = 3)
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design. In both the placebo control and active control phases,
the data collected data prior to 12 weeks of each respective
phase were excluded from statistical analyses. This exclusion
enabled us to test the drug effect on slope. For patients who
discontinue in the placebo control phase, their data till the
last visit were included in the analysis with no further
imputation. The data from patients who discontinued in the
placebo control phase were not included in the active control
phase.

Hypothesis 1 (Test any difference in slopes of the
placebo and study drug groups)

In the placebo-controlled phase (using post-randomiza-
tion data from 12 weeks through 36 weeks), the null
hypothesis as stated below was tested based on the intent-
to-treat (ITT) sample using linear mixed-effect modeling
(MRM) analysis on the change from baseline scores of
UPDRS.

H0 : Slope of Treatment � by � Visit interaction ¼ 0

HA : Slope of Treatment� by� Visit interaction 6¼ 0

The model included the fixed categorical effects of
treatment and center, as well as the continuous fixed
covariates baseline total UPDRS score, visit, and a treat-
ment × visit interaction term. Random effects were included
on slope and intercept. In the model, unstructured (UN)
covariance structure was used to model the within-subject
covariance of the measurements. The available data points
of each subject were included in the analysis without any
imputation.

Hypothesis 2 (Test any statistical difference in total
UPDRS change from baseline between
early and delay start groups at the end
visit of active phase)

In the active control phase, the null hypothesis as stated
below was evaluated at 72 weeks based on the available
patients’ data (non-ITT sample) using mixed model repeated
measure (MMRM) analysis on the change from baseline
scores for total UPDRS of all available visits. In MMRM
analysis, the time effect is assumed to be unstructured (i.e.,
time points are considered as discrete) instead of a linear
effect, and this assumption allows to make a direct compar-
ison of the endpoint mean score differences between the
study drug and placebo.

H0: LSM early start groupð Þ � LSM delay start groupð Þ¼ 0

HA : LSM early start groupð Þ � LSM delay start groupð Þ 6¼ 0

Where

LSM Least square mean.

The principal statistical analysis was a MMRM analysis
on the change from baseline scores of UPDRS at the
available visits (i.e., weeks 48, 54, 60, 66, and 72). The model
included the fixed categorical effects of treatment, visit,
center, and visit by treatment interaction, as well as the
continuous fixed covariate baseline total UPDRS score. In
the model, unstructured covariance structure was used to
model the within-subject covariance of the measurements.
The available data points of each subject in the active phase
were included in the analysis without any imputation.

Hypothesis 3 (Non-inferiority comparison of the slopes
of the two groups)

In the active control phase (using data from 48 to
72 weeks), the following non-inferiority hypothesis was
evaluated based on the estimated slopes of early start group
vs. delay start group of the study drug (non-ITT sample) using
MRM analysis on the change from baseline scores of total
UPDRS at the available visits. We used a non-inferiority
margin of ≥0.15 units/week. However, it should be noted that
parallelism of slopes would be evaluated if hypothesis 2 was
statistically significant.

H0 early start group inferiorð Þ :
Slope early startð Þ � Slope delay startð Þ

> � i:e:; 0:15 margin UPDRS units=weekð Þ
HA early start group non� inferiorð Þ :

Slope early startð Þ � Slope delay startð Þ � �

The principal statistical analysis was a MRM analysis on
the change from baseline scores of UPDRS at the available
visits (i.e., weeks 48, 54, 60, 66, and 72). The MRM model was
similar to that described in hypothesis 1.

Considering that the statistical analysis of the active
control phase will be based on a non-ITT sample, exploratory
analyses in the active control phase data need be conducted
to evaluate the impact of the dropouts on the statistical
inferences.

RESULTS

What Mathematical Model Describes the Natural Disease
Progression as Reflected by the Total UPDRS Scores?

Figure 4 shows that a linear model adequately describes
the natural progression as reflected by the total UPDRS
scores. Shown in Fig. 4 are the mean changes in the total
UPDRS scores derived using MMRM analysis. The observed
mean is not shown as the number of subjects at each visit
decrease with time leading to inaccurate characterization of
the time course of UPDRS scores. The data post-randomiza-
tion were also analyzed using the model as shown in Eq. 1 to
derive the parameters for simulations. The estimates of the
parameters are shown in Table II. Similar or alternative
models have been used in the literature to describe the
progression of Parkinson’s disease (6,12). The model based
on Eq. 1 could not estimate ke0 reliably due to the minimal
effects in the placebo group.
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False-Positive Rate

Placebo Control Phase

Based on the analyses of the results in the placebo
control phase, the false-positive rates of concluding that a
drug offers a disease-modifying benefit when it only offers
symptomatic benefit are shown in Table III. These false-
positive rates are approximately 6%. It is important to note
that a final conclusion about whether there is a disease-
modifying effect will be based upon inferences from the
placebo and active control phases. Application of sequential
testing, as proposed earlier, will protect the overall false-
positive rate.

Active Control Phase

The initial simulations indicated that hypothesis test 2
alone with last observation carried forward (LOCF) as the
imputation method inflated false-positive rates. Given the
progressive nature of the disease, LOCF imputation for
patients who discontinue prematurely in either phase will
systematically underestimate the UPDRS score at the end of
the trial. Moreover, for placebo patients who discontinue
early, LOCF cannot be used to impute data during the active
control phase. Consequently, LOCF imputation was not used
in subsequent simulations.

Table III depicts the false-positive rates for the different
missing data scenarios. Considering all the scenarios, the
false-positive rate is reasonable, except for the case where
more patients are assumed to discontinue in the active drug
treatment arm which is based on two-sided hypothesis testing.
In that case, the one-sided false-positive rate (delay start
group has a lower change in total UPDRS score than early
start group) is 0.8%, which implies that the statistical test is
conservative (nominal is 2.5%). The mean bias in this case
was estimated to be approximately −0.39 units of total
UPDRS.

Fig. 4. Goodness of fit of natural disease progression in patients
treated with placebo post 12 weeks randomization (study = 2, 3, 4)
and post 9 weeks (study = 1). Shown in red line with plus symbol are
the least square mean values based on MMRM analysis. The blue line
is based on the fit using a linear model with time as continuous
variable based on MRM analysis

Table II. Mean (SE) and Variability (Between Patient) of Parameters Describing the Course of Progression of Parkinson’s Disease in Patients
Treated with Placebo Using NLMIXED in SAS®

Study Parameter Mean (SE) Variability (%)

1 Rate of progression (slope) 0.27 (0.07) 64.15
Symptomatic effect 1.24 (3.28) 44.90
Rate constant for time to attain maximum symptomatic effect 0.06 (0.03) 1,269.30
LN (baseline UPDRS) 3.25 (0.04) 38.85

2 Rate of progression (slope) 0.13 (0.01) 64.36
Symptomatic effect 1.47 (0.59) 53.13
LN (rate constant for time to attain maximum symptomatic effect) 0.35 (1.95) 62.44
LN (baseline UPDRS) 3.12 (0.04) 34.64

3 Rate of progression (slope) 0.11 (0.01) 157.46
Symptomatic effect 1.59 (0.25) 117.66
Rate constant for time to attain maximum symptomatic effect 2 (fixed) NE
LN (baseline UPDRS) 3.19 (0.02) 41.23

4 Rate of progression (slope) 0.14 (0.02) 71.43
Symptomatic effect NE NE
Rate constant for time to attain maximum symptomatic effect 0.08 (0.05) NE
LN (baseline UPDRS) 3.11 (0.05) 42.43

Units for rate of progression (slope)—per week; symptomatic effect—UPDRS; rate constant for time to attain maximum symptomatic effect
(ke0)—per week
NE could not be estimated, LN natural logarithm, UPDRS Unified Parkinson’s Disease Rating Scale, SE standard error
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It is important to note that under the null hypothesis for
tests 1 and 2, data were generated assuming that the drug
offers only a symptomatic effect. With respect to the third null
hypothesis (active control phase), data were simulated with a
mean difference of δ in slopes between the two groups. We
assumed δ to be 0.15 units/week which is similar to the natural
disease progression slope. The simulations showed that the
probability of concluding that the drug is disease-modifying
using the combination of hypothesis tests 2 and 3 is zero in
this case.

Power

Simulations were conducted for different sample sizes
ranging from 50 to 600 patients per group under two

scenarios. Approximately 80% power was achieved with 250
patients for 60% or 50% drug effects on the slope of disease
progression (Fig. 5).

DISCUSSION

What Mathematical Model Can Reasonably Describe
the Natural Disease Progression as Reflected by the Total
UPDRS Scores?

A linear model adequately describes the natural disease
progression at least till 5 years in patients with early
Parkinson’s disease. Various lines of evidence support this
inference. First, Parkinson’s disease is a slowly progressing
disease that exhibits deterioration at the rate of 8 units of

Fig. 5. Power curves for a scenario where (a) equal percentage of patients in the drug and
placebo groups will need additional symptomatic therapy, and (b) higher percentage of
patients in the placebo group will need additional symptomatic therapy relative to the drug
group. The data collected post-symptomatic therapy will not be included in the analysis
although the patients might still undergo follow-up visits. Note the different lines for effects
of drug on the slope of disease progression. For example, 20 refers to 20% decrease in the
slope of disease progression relative to the progression in placebo group

Table III. False Positive Rates and Bias Under Null Model Using Linear Mixed Effects Models

Placebo control phase (ITT) Active control phase (non-ITT)

α (%) Bias α (%) Bias

Discontinuation independent of treatment outcomes (MCAR) 5.9 0.0003 4.4 0.002
Discontinuation dependent on observed treatment outcomes (MAR)
Equal dropouts 6.4 0.0005 6.0 0.04
Unequal dropouts
Lack of effectiveness 6.4 0.0006 7.9 −0.39
Toxicity 5.5 0.0003 5.8 0.02

In the placebo control and active control phase, analysis was performed using linear models with random effects and mixed model repeated
measures approaches, respectively. In the placebo control phase, all patients are included in the analysis (ITT) while in active control phase
patients with data post 48 weeks are only included in the analysis (no imputation for discontinued patients and hence non-ITT)
MCAR missing completely at random, MAR missing at random, ITT intent-to-treat
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total UPDRS/year (highest possible score=124 units). During
typical trial durations of up to 1.5 years for studying disease
progression, a relatively limited change (∼12 units) would be
expected. Hence, the change in total UPDRS scores over
time are more reasonably described using a linear model.

Second, numerous literature reports suggest that disease
progression follows a linear trend, beyond 12 weeks (after
end of dose titration, if applicable) (9,10,13–19). Trials which
followed patients up to 5 years also support a linear disease
progression. There are some reports of non-linear progres-
sion of UPDRS scores after 5–8 years (12,20). However, these
patients were on various study drugs.

Third, our analyses of the change in total UPDRS over
time using mixed effect models provide evidence that the
disease progression beyond 12 weeks is reasonably linear
(Fig. 4).

Although the early time points are not included in the
analysis evaluating a disease-modifying effect of a drug, it is
important to collect these data for evaluating the symptom-
atic effect (if present). It is prudent to determine the time to
peak symptomatic effect for each new molecule from the
early trials. Such data can be analyzed using Eq. 3 or more
complex models for designing future trials (12,21).

What Is the False-Positive Rate and the Power for Concluding
That a Drug Has a Disease-Modifying Effect?

Hypothesis testing should preserve the type 1 error (or
false-positive) rate at a nominal level of 5%. This approach
ensures that one does not falsely conclude that a drug that
provides only symptomatic benefit is modifying disease
progression.

In general, the simulations suggested that the false-
positive rate is acceptable. However, when more patients
discontinued from the placebo group compared to active
treatment due to lack of effectiveness, the false-positive rate
was conservative for the active control phase analysis. It is
important to note that the analysis of data from the active
control phase does not agree with the regulatory requirement
of the ITT principle. According to the ITT principle, all
patients who were randomized must be included in the
analysis. However, those patients who discontinue from the
trial during the placebo control phase, especially those
randomized to placebo initially, do not contribute any data
on drug in the active control phase. It is not possible to
impute drug effects rationally in the active control phase
based on placebo effects. The only possibility is to use the
data from those patients who completed the placebo control
phase and who entered the active control phase. Because the
active control phase analysis violates the ITT principle,
analyzing the placebo control phase data (as meets the ITT
principle) for comparing the slopes for the placebo and active
treatment groups might be important. A case can be made
that an unusually delayed symptomatic effect might give the
appearance of divergent slopes for the two arms. In this case,
relying on the placebo control phase will lead to erroneous
conclusions. The non-inferiority margin is currently unknown
(because no such drug has yet been approved for a disease-
modifying claim), this margin can be determined as a result of
discussion among medical experts of Parkinson’s disease. One
approach would be to test whether a certain portion of the

difference at the end of the placebo phase is still retained at
the end of the active phase.

To achieve 80% power to conclude disease-modifying
effect using the analysis methodology as proposed, a sample
size of at least 600 each in drug and placebo groups with a
drug effect of at least 40% on the slope of disease progression
would be required.

CONCLUSIONS

We quantified the disease characteristics such as the
progression and dropout rates from previous trials to explore
endpoints for demonstrating disease modification effects. A
set of three reasonable endpoints are proposed in the current
report. Whether divergence of slopes in the placebo phase
should be demonstrated in the light of testing the other two
hypotheses for the active phase data needs further discussion.
These endpoints can guide the individual researchers and
drug developers to select the most suitable design and/or
endpoints for their trials. There are two important assump-
tions contained in our analyses presented in the current
manuscript. The first assumption is that change in the total
UPDRS score is a good measure of the disease and its
progression rather than a score from a individual component/
subscale (e.g., motor subscale scores) of the total UPDRS.
The second assumption is about the time to achieving
maximum symptomatic benefit. The current analysis focuses
on estimating slope for testing differences in the placebo
control phase as well as parallelism in the active control phase
using linear models. Early dose range finding studies can
provide information about the onset and offset of drug effects
with adequate measurement of total UPDRS scores.

However, because of the lack of direct prior experience,
data from delayed start designs will need to be subjected to
extensive explorations to accumulate substantial confidence
in the inferences from these analyses and to corroborate
internal consistency of various analyses. Also, it would be
important to learn if disease-modifying effects can be well
discerned from symptomatic effects from clinical trials with
varied designs such as withdrawal and natural history-
staggered design (22,23).

We believe that our model and simulations could
potentially apply toward studying and assessing a disease-
modifying effect of a study drug not only for any specific stage
of Parkinson’s disease and for any specific efficacy outcome
measure, but also to any other neurodegenerative disease
(e.g., Alzheimer’s disease) and an appropriate, respective
efficacy outcome measure (e.g., Alzheimer’s Disease Assess-
ment Scale—Cognitive).
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