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Abstract

Background—Deep brain stimulation provides significant symptomatic benefit for people with
advanced Parkinson's disease whose symptoms are no longer adequately controlled with
medication. Preliminary evidence suggests that subthalamic nucleus stimulation may also be
efficacious in early Parkinson's disease, and results of animal studies suggest that it may spare
dopaminergic neurons in the substantia nigra.

Objective—We report the methodology and design of a novel Phase I clinical trial testing the
safety and tolerability of deep brain stimulation in early Parkinson's disease and discuss previous
failed attempts at neuroprotection.

Methods—We recently conducted a prospective, randomized, parallel-group, single-blind pilot
clinical trial of deep brain stimulation in early Parkinson's disease. Subjects were randomized to
receive either optimal drug therapy or deep brain stimulation plus optimal drug therapy. Follow-up
visits occurred every six months for a period of two years and included week-long therapy
washouts.

Results—Thirty subjects with Hoehn & Yahr Stage |1 idiopathic Parkinson's disease were
enrolled over a period of 32 months. Twenty-nine subjects completed all follow-up visits; one
patient in the optimal drug therapy group withdrew from the study after baseline. Baseline
characteristics for all thirty patients were not significantly different.

Conclusions—This study demonstrates that it is possible to recruit and retain subjects in a
clinical trial testing deep brain stimulation in early Parkinson's disease. The results of this trial will
be used to support the design of a Phase 111, multicenter trial investigating the efficacy of deep
brain stimulation in early Parkinson's disease.

Keywords
Parkinson's disease; deep brain stimulation; subthalamic nucleus; research design

Introduction

Parkinson's disease (PD) is a progressive neurodegenerative disorder affecting millions of
people with a vast majority of those affected older than 60 years old [1]. Patients experience
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relentlessly progressive disability from a combination of motor symptoms as well as a
profuse collection of poorly treatable nonmotor symptoms [2-4]. Medical management
provides significant symptomatic control of the motor symptoms in early PD, but in later
stages the benefits are less robust. Although many clinical trials have sought to prove a
disease modifying effect, no therapeutic intervention (oral medications, medical devices, or
ablative procedures) has been conclusively proven to halt or even slow the progression of
the disease [5, 6].

The single most important confounding factor to effectively designing a trial positioned to
conclusively prove that the experimental treatment is slowing disease progression or
imparting a neuroprotective effect is the lack of a biomarker that can be repeatedly measured
and reliably mark disease progression without being subject to corruption by ongoing
standard-of-care therapies. Clinical assessments, while not perfect, are in many ways the
best measures of disease progression currently available. A host of study designs have been
implemented to attempt to prove neuroprotection, including prolonged washout periods or
an expanded focus on the time elapsed before experiencing a predefined clinical event,
clinical worsening or the need for a new medication. While there is no perfect study design,
the following trials have made valiant efforts to test therapies' potential for imparting
neuroprotection.

The DATATOP (Deprenyl And Tocopherol Antioxidative Therapy Of Parkinsonism) study
was a placebo-controlled clinical trial attempting to demonstrate neuroprotection based on a
delayed need for levodopa and was the first major attempt at neuroprotection [7-9].
However, it was later determined that the symptomatic effect of the treatment was
responsible for the observed improvement in motor symptoms [9].

The ELLDOPA (Earlier Versus Later Levodopa) trial utilized a two week medication
washout in an attempt to control for symptomatic effects [10]. Although the treatment group
had superior UPDRS scores compared to the placebo group, the long half-lives of PD
medications, many of which take weeks to fully wash out, made it difficult to separate the
symptomatic effect of the treatment from its effect on the underlying disease. Furthermore,
the clinical results did not correspond with the neuroimaging results [11].

Several studies, particularly CALM-PD-CIT (Comparison of the Agonist Pramipexole
versus Levodopa on Motor Complications of Parkinson's Disease) and REAL-PET (Requip
as EArly therapy versus L-dopa-PET), have used neuroimaging to measure dopamine levels
as a surrogate for disease progression [9, 12, 13]. These studies ultimately failed to
conclusively document disease progression because varying degeneration in dopaminergic
neurons did not coincide with clinical changes and benefit. Although imaging studies would
theoretically be superior to clinical measures because they are relatively unaffected by
subjective factors, no imaging study has been shown to reliably track disease progression.

The ADAGIO (Attenuation of Disease Progression with Azilect Given Once Daily) trial is
the most recent attempt to document neuroprotection and is arguably the most rigorous and
carefully designed study to date [14]. Utilizing a delayed-start design, this double-blind,
placebo-controlled, dual dose clinical trial made considerable efforts to circumvent many of
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the problems associated with previous trials and originally showed promise due to the
preliminary results of the TEMPO (Rasagiline (TVP-1012) in Early Monotherapy for
Parkinson's Disease Outpatients) trial [15]. However, on October 17, 2011, the FDA
advisory committee voted unanimously to withhold the proposed expanded indication of
rasagiline as a disease-modifying agent, citing inconsistent and uncompelling evidence.
Although the delayed-start design is advantageous because it separates the disease-
modifying effect of the tested therapy from its symptomatic effect, it is inherently flawed in
that the second phase is open-label and effectively unblind [9]. The FDA's recent rejection
of the ADAGIO trial necessitates the design of more clinical trials seeking disease
modification using the best methods currently available. Any treatment proven to slow
disease progression will be a landmark achievement for people with PD [16].

We recently conducted the first prospective, randomized, single-blind, pilot clinical trial of
deep brain stimulation (DBS) in early PD. DBS of the subthalamic nucleus (STN) was FDA
approved for PD in 2002 and is a safe and effective adjunctive treatment for treating
advancing symptoms that are not adequately controlled with medication [17]. The surgery
improves quality of life and markedly improves motor symptoms while reducing motor
fluctuations and medication needs [18-22]. Despite its proven efficacy in advanced PD, DBS
has not been studied in the very early stages of PD given the good symptomatic control of
motor symptoms with oral medications. Nonetheless, there are isolated case reports and
trials that have shown positive results in both unilateral and bilateral STN DBS performed in
mid-stage PD [23, 24]. None yet have looked at very early stage PD patients [25].

Some assert that earlier use of STN DBS in PD may provide an even greater impact on
patient care and quality of life [26-28]. Limited studies of human PD patients implanted with
STN DBS for prolonged periods suggest slowing of the clinical progression of PD in some
patients, which is inconsistent with the known natural disease course and indirectly suggests
a disease-modifying effect [27, 29-32]. Pre-clinical animal studies involving DBS and STN
lesions also suggest a potential neuroprotective effect [33-37], although the mechanism of
action remains unclear.

Materials and Methods

The U.S. Food and Drug Administration provided an investigational device exemption
(IDE) (G050016) allowing 30 subjects with Hoehn and Yahr (H&Y) Stage Il PD off
medication to participate in this trial, which received Vanderbilt University Institutional
Review Board approval (040797). Subjects were randomized to receive either optimal drug
therapy (ODT) alone or ODT plus bilateral STN DBS. There were two primary aims of the
study: (1) to compare safety and tolerability of bilateral STN DBS plus ODT to ODT alone
in early stage PD; and (2) to demonstrate that it is possible to recruit, provide meaningful
informed consent, and retain subjects in a long-term clinical trial of bilateral STN DBS for
the treatment of early PD. Secondary aims included: (1) to estimate the minimum length of
time a subject must remain off both medication and stimulation (aka the wash-out period) to
practically measure untreated PD; (2) to provide preliminary data to estimate sample size for
a Phase Il1 trial; (3) to test the data management procedures; and (4) to test the viability and
functionality of specific safety and patient outcome measures.
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Subjects of any gender, race or socioeconomic status, aged 50 to 75, H&Y Stage |1 off
medication, free of motor fluctuations or dyskinesias, exhibiting a stable response to
levodopa, and on dopaminergic therapy longer than six months but less than four years were
eligible to enroll in this trial. Because unique ethical concerns are involved in offering
surgery to early PD patients, a multiphase informed consent process originally developed by
biomedical ethicists (MB, SF) was implemented prior to any study procedures. This
involved: (1) distribution of the informed consent document and educational materials to
interested parties; (2) three informational follow-up visits; and (3) a formal visit to provide
informed consent no earlier than seventy-two hours after the last informational session.
During informational visits, each potential subject met individually with the study principal
investigator, neurosurgeon, and the biomedical ethicist for an hour each. The biomedical
ethicist provided subjects a series of questions to further consider before planning the
informed consent visit. The formal consent visit was attended by the study coordinator, a
neurologist (TD) other than the principal investigator, and the biomedical ethicist to answer
any final questions. After providing consent, subjects underwent a detailed screening
evaluation to ensure that they met the enrollment criteria.

Screening consisted of a history and physical examination by the primary investigator (DC),
a complete psychiatric examination (RS), a neuropsychological assessment, and a MRI of
the brain with 2.5 mm slices, which was reviewed by the neurosurgeon (PK). Subjects had
to have a clinical diagnosis of PD and be deemed medically and neurologically suitable for
brain surgery to pass screening. PD was diagnosed by Vanderbilt University Movement
Disorders Specialists (DC, TD, PH, FP) based on the presence of three out of four clinical
features (resting tremor, bradykinesia, rigidity, asymmetric onset) and an absence of features
suggestive of an alternative diagnosis. H&Y and Unified Parkinson's Disease Rating Scale
(UPDRS-III) scores were obtained 36 hours off medications. Medication response was
documented by at least a 30% reduction in score on the motor subsection of the (UPDRS-
I11) from the “36-hour off medication” to “on medication” state. Complete inclusion/
exclusion criteria are presented in Figure 1 and study design is presented in Figure 2.

After completing the screening assessment, subjects were admitted to Vanderbilt
University's General Clinical Research Center (GCRC) for an initial baseline “Core
Assessment” to characterize the severity of their PD. This consisted of an eight-day inpatient
evaluation and medication washout during which subjects were assessed “ON” (the
condition when both the subject and physician agreed that the patient experienced maximal
therapeutic benefit from medication alone or from medication and stimulation (if
randomized to the treatment group) in future visits) and “OFF” (the condition when a
subject had received no antiparkinsonian medications and the DBS stimulation was off (if
randomized to the treatment group) in future visits).

Upon admission to the GCRC (Day 0), an admission history and neurological examination,
H&Y, Schwab and England (S&E), medications and adverse events were recorded. On Day
1, a complete UPDRS and a videotaped UPDRS-I11 assessment were completed in the “ON”
state. An eight-hour diary while on medication was used to capture the percent “ON” time
and “ON” time without dyskinesias. All medications (and DBS if present at later visits) were
discontinued at 1600 on Day 1. For the next seven days, UPDRS-11l OFF ratings were
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recorded daily. Abbreviated autonomic testing was also performed to monitor the potential
development of a neuroleptic malignant like syndrome resulting from dopaminergic drug
withdrawal. Evaluation of neuropsychological function was performed in the “OFF” state.
On the seventh day off medication, another videotaped UPDRS-I11 was completed, and
H&Y and S&E ratings were recorded. Medications (and DBS if present at later visits) were
restored and optimized prior to patient discharge from the GCRC on Day 8. Subjects could
elect to ‘escape’ the washout period at any time if the increasing PD symptoms became
intolerable. In this case, the same videotaped assessment planned for Day 8 would be
performed and medications (and DBS, if present at later visits) would be restored. No
subjects elected this option.

The biostatistician (LW) created a computer generated random number table using the R
software (http://www.r-project.org/). This table randomized fifteen subjects into the control
group (ODT alone) and fifteen subjects into the treatment group (bilateral STN DBS
+0ODT). Block randomization ensured equal numbers of subjects in the two groups during
the course of the trial. To minimize bias, the randomization scheme was concealed in
identical sealed envelopes labeled by subject ID and the investigators were unaware of the
size or order of the blocks. After a subject completed the expanded informed consent
process, screening, and baseline evaluation; the principal investigator and subject together
opened the envelope assigning treatment status.

Subjects randomized to receive DBS were implanted within sixty days. The procedure for
implantation of the leads and neurostimulators in this study occurred in three stages, was
identical to standard of care for advanced PD, and is well documented in the medical
literature and device manufacturer technical manuals. All DBS surgeries were performed by
the same surgeon (PK) and interpretation of microelectrode recordings and stimulation
effects were completed by the same neurosurgeon, neurophysiologist, and neurologist (PK,
CK, and DC). Operative and microelectrode targeting procedures for all of the subjects in
this study are described in detail in Kahn et al and Remple et al [38, 39].

Subjects presented for the first programming session four weeks after Stage 11 and thirty-six
hours off medication. The device was initially turned on at a standard frequency of 130 Hz
and a pulse width of 60 ps. Each lead contact was individually tested using monopolar
stimulation with the contact as the cathode and the case of the neurostimulator as the anode.
The voltage was slowly increased while assessing the improvement in parkinsonian motor
signs and production of side effects. If voltage adjustment alone did not produce sufficient
clinical benefit with an acceptable side effect profile, then various lead combinations (i.e.,
bipolar stimulation), frequencies, and pulse durations could be used. After conclusion of the
initial programming session, stimulators were left on twenty four hours per day in all
subjects. Two additional programming sessions were performed to optimize stimulation
settings and medications. In an effort to minimize the effect of investigator bias, ongoing
medication management was performed by the subjects' treating neurologists (not the
principal investigator). Modest stimulation parameters were utilized and adjusted to the
subjects' individual symptoms. No attempt was made to aggressively advance stimulation
and subjects were encouraged to continue medications and not attempt to be treated with
stimulation alone.

J Parkinsons Dis. Author manuscript; available in PMC 2014 September 16.


http://www.r-project.org/

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Charles et al.

Results

Page 7

Visits identical to the core baseline assessment were performed every six months for two
years. The visits encompassed the same eight day inpatient period with washout, daily
assessments and videotaped UPDRS-I111 scores. Neuropsychological function was measured
annually. All study procedures performed in the “ON” and “OFF” states in the surgery
group included stimulation being on or off for those respective states. All videotaped
assessments were randomly ordered and rated by an independent, blinded viewer after the
conclusion of the study.

The primary endpoint to assess safety was the blinded UPDRS-111 score in the off-
medication (and off-stimulation, if present) state after a seven day washout. The null
hypothesis for this pilot trial was that the DBS+ODT group would not worsen faster or more
prominently than the ODT group. The time lapsed from a subject's baseline until a four point
increase (worsening) in their UPDRS-I11 motor score assessed in the off condition
represented a clinically important event related to disease progression. To preliminarily
measure safety, the DBS+ODT group could not progress more rapidly or accrue more events
(4 point worsening) when compared to the ODT group utilizing Kaplan-Meier curves. A
two-sided log rank test with alpha of 0.05 was used to assess the statistical significance of
the difference between the two survival curves. To protect against increasing the false-
positive error rate from repeat interim analyses, a truncated O'Brien-Fleming-type boundary
was computed with the use of the LAN-DeMets procedure. The estimated sample size of 30
subjects was based on this primary survival analysis and assumed a predicted average annual
deterioration in the UPDRS-II1 score of the control group of 8.91 + 8.41 based on previously
published data in early stage PD [40], a predicted DBS effect size of 20%, and a dropout rate
of 20% (3 subjects per group by 24 months). We estimated that a sample size of twelve in
each group would have 86% power to detect the difference between a control group portion
of 20% at six months and a treatment group portion of 80% at six months. This is based on a
0.05 alpha level, two sided chi-square test (Table 1).

An independent Data Safety Monitoring Board consisting of a neurologist, a neurosurgeon,
an internist, and a biostatistician was constituted at study start-up and empowered to
recommend early termination of the study or change to the study procedures if it observed a
treatment effect or identified safety concerns that exceeded pre-study specified boundaries.
The board met biannually to review confidential interim analyses of safety outcomes and
tabulation of adverse events. The DSMB never halted or modified the study.

Enrollment opened in August 2006 and was completed in April 2009 with 15 subjects in
each arm of the trial. All thirty subjects completed the baseline washout visit without major
side effects. With the exception of one subject in the ODT group who withdrew from the
study due to a family emergency and financial hardship, the remaining 29 subjects
completed all follow-up assessments at 6, 12, 18, and 24 months and elected to join a second
study collecting long term follow-up data through 5 years of therapy.

The average duration of anti-Parkinson's medication was approximately two years for each
group. The groups were similar based on age and UPDRS-I11 scores. There was no
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significant difference between the groups with regard to medication use or total medication
dose as measured by levodopa equivalents (Table 2). Baseline characteristics of the patients
in this study are presented in detail in Charles et al [41].

Discussion

Our hypothesis that bilateral STN DBS will have a disease modifying effect if applied in
very early PD was not intended to be answered by this pilot clinical trial. The purpose of this
trial was to gather preliminary safety and tolerability data necessary for a future large scale
trial and prove that STN DBS is a feasible experimental therapy for subjects with early PD.
Furthermore, we intended to prove that subjects with very early stage PD could be ethically
recruited and would provide informed consent, enroll, and complete a trial testing DBS even
though they could otherwise expect years of satisfactory treatment with conventional
medications.

This trial confirmed that the consent process and study design utilized in this trial is viable
and can be applied to future multicenter endeavors. We were able to easily recruit and retain
the maximum number of subjects allowed under the FDA IDE. Subjects remained engaged
in the trial and were remarkably compliant with study protocol and follow-up visits.
Surgeries, medication adjustments, washout periods, and other study procedures were well
tolerated.

Weaknesses of the current study include an incomplete washout period and single-blind
design. Use of sham surgery in order to create a double-blind design was not appropriate for
the current pilot trial whose purpose was to gather preliminary safety and tolerability data.
Recognizing the limitations and flaws of previous clinical trials seeking neuroprotection, a
trial employing a washout period, while not ideal, remains the best design option.
Nevertheless, a trial based on therapy washout also has inherent difficulties. There is not a
predetermined time period for a washout of PD medications and the period tends to vary
among medication classes due to different pharmacodynamics [10, 40, 42]. Standard periods
for a washout of levodopa vary between one to two weeks and some assert even longer
periods for dopamine agonist medications. Clinical trials, however, involve people and
compromise must balance the desire for a perfect trial with what is reasonable to request of
study participants.

Without a proven biomarker for disease progression that is not influenced by symptomatic
therapy, some will conclude that a disease modifying effect could never be conclusively
proven and therefore should never be attempted. This argument must be rejected, however,
because the pre-clinical evidence for STN DBS potentially providing a neuroprotective
effect is simply too strong to ignore [25-28, 31]. Though the discovery of a biomarker may
be decades away, it would be unjust to patients suffering from this debilitating disease to
wait until one has been identified to continue searching for a therapy that slows the
relentless progression of PD. Furthermore, if a therapy is truly neuroprotective, its effect on
the underlying disease may be so significant that it could be conclusively demonstrated to
modify disease progression even without a biomarker.
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We believe that this preliminary study provides the necessary data to launch a Phase 11
multicenter trial positioned to determine as best as possible whether the early application of
DBS modifies disease progression, improves quality of life, and slows the development of
disability in people with PD when compared to ODT. This holds inherent value as it allows
physicians to limit medications and their systemic side effects. At the very least, because
DBS is such a potent therapy in advanced disease, it is likely that the therapy will prove to
be an effective adjunctive therapy to medical management in early stage PD as well. The
design of a future trial should mimic the same construct with parallel groups but will likely
include a vigorous debate on how to best assess comparative efficacy of our treatment
groups as well as potential disease modification or neuroprotection.
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Inclusion Criteria:

Patients must have a clinical diagnosis of probable idiopathic PD. The diagnosis will be
based upon the presence of at least three of four clinical features according to diagnostic
utility (Resting Tremor, Bradykinesia, Rigidity, Asymmetric Onset) and an absence of
clinical features suggestive of an alternative diagnosis (see exclusion criteria).
Demonstrated response to dopaminergic therapy. In order to exclude patients with a
possible alternative diagnosis, all subjects included in the study must have demonstrated
a good response to DA drugs, defined as demonstrating at least 30% improvement in
parkinsonian motor signs based upon the UPDRS motor examination subscore, following
the administration of their DA drug(s) during the screening neurological examination.
Hoehn and Yahr (H&Y) stage I or Il when OFF medication.

No contraindications to surgery.

Age between 50 and 75 years old.

Available for follow-up for the entire duration of the study.

Informed Consent: The subject understands the risks, benefits, and alternatives to the
study procedures and participation in the study.

MRI within normal range for age.

Levodopa or dopamine agonist therapy for greater than six months and less than four
years

Exclusion Criteria:

As outlined by Gelb et al; “Evidence of an alternative diagnosis or secondary
parkinsonism as suggested by inconsistent or uncommonly early features: Prominent
postural instability, freezing phenomena, or hallucinations unrelated to medications in the
first 3 years after symptom onset; dementia preceding motor symptoms; supranuclear
gaze palsy (other than restriction of upward gaze) or slowing of vertical saccades in the
first year; severe, symptomatic dysautonomia unrelated to medications; documentation of
a condition known to produce parkinsonism and plausibly connected to the subject’s
symptoms (such as suitably located focal brain lesions or neuroleptic use within the past
6 months)” [43].

Uncontrolled medical condition or clinically significant medical disease that would
increase the risk of developing pre- or postoperative complications (e.g., significant
cardiac or pulmonary disease, uncontrolled hypertension).

Evidence of dementia

Major psychiatric disorder

Previous brain operation or injury.

Active participation in another clinical trial for the treatment of PD.

Patients who have demand cardiac pacemakers or who have medical conditions that
require repeat MRI scans.

Evidence of existing dyskinesias or motor fluctuations

Figure 1. Inclusion/Exclusion Criteria
Detailed screening measures were employed in order to ensure patient appropriateness for

the trial. Subjects not meeting the inclusion/exclusion criteria were not eligible to participate
in the trial.
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Figure 2. Study Design
This trial was a prospective, randomized, single-blind clinical trial comparing the safety and

tolerability of DBS+ODT to ODT alone. Detailed inpatient assessments were performed
every 6 months for a total of 2 years to monitor safety.

J Parkinsons Dis. Author manuscript; available in PMC 2014 September 16.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Charles et al.

Table 1

Power calculationsfor differencein proportions of the two groups®

It was estimated that 12 subjects in each group would achieve an 86% power calculation and detect the

difference between the two groups at six months.

Control Group (ODT alone) | Treatment Group (ODT plusSTN DBS) | OddsRatio | Power | Statistical N per Group
0/12 6/12 NA NA 12
1/12 8/12 22 87.2% | 12
2/12 9/12 15 84.3% | 12
3/12 10/12 15 84.3% | 12
4/12 11/12 22 87.2% | 12

a . .
Based on two-tailed chi-square tests and alpha levels of 0.05.
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Table 2
Baseline Patient Char acteristics®

At baseline, the mean age of subjects was 60 years old and the mean medication use was just over 2 years in
both groups. The mean total UPDRS score in subjects randomized to DBS+ODT was 3 points higher than
subjects randomized to ODT; mean UPDRS-I1I scores were nearly equal.

Characteristic ODT (n=15) ODT+DBS (n=15)
Gender
Male 13 14
Female 2 1

Age (yrs) at Enrollment

Mean 60+7.0 60+6.8

Range 51-69 52-74

Baseline Medicine Use

Mean Duration (yrs) 21+11 22+14

Mean L-dopa equivalents (mg/day)® 569+ 389 451+ 304

Baseline UPDRS Score

Mean Total 36+ 15 39+14

Mean UPDRSH 1 15+7.6 15+85

aReprinted from PD Charles, RM Dolhun, CE Gill, TL Davis, MJ Bliton, MG Tramontana, RM Salomon, L Wang, P Hedera, FT Phibbs, JS
Neimat, PE Konrad, Deep brain stimulation in early Parkinson's disease: Enrollment experience from a pilot trial, 18 / 3, 268-73, 2011, with
permission from Elsevier.

b100 mg of Levodopa with a dopa-decarboxlase inhibitor = 130 mg of controlled-release Levodopa reparations = 83 mg of Levodopa with dopa-

decarboxylase and COMT inhibitors = 1 mg of pergolide, pramipexole or lisuride = 3 mg of ropinirole [20].
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