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Introduction: The efficacy of pharmacotherapy and deep brain stimulation of the subthalamic
nucleus in treating Parkinson’s disease motor symptoms is highly variable and may be influenced
by patient genotype. The relatively common (prevalence about one in three) and protein-altering
rs6265 single nucleotide polymorphism (C>T) in the gene BDNF has been associated with
different clinical outcomes with levodopa.

Objective: We sought to replicate this reported association in early-stage Parkinson’s disease
subjects and to examine if a difference in clinical outcomes was present with subthalamic nucleus
deep brain stimulation.

Materials and Methods: Fifteen deep brain stimulation and thirteen medical therapy subjects
were followed for 24 months as part of the Vanderbilt DBS in Early Stage PD clinical trial
(NCT00282152, FDA IDE #G050016). Primary outcome measures were the Unified Parkinson’s
Disease Rating Scale (UPDRS) and Parkinson’s Disease Questionnaire-39.

Results: Outcomes with drug therapy in subjects carrying the rs6265 T allele were significantly
worse following twelve months of treatment compared to C/C subjects (UPDRS: +20 points, p
=0.019; PDQ-39: +16 points, p= 0.018). In contrast, rs6265 genotype had no effect on overall
motor response to subthalamic nucleus deep brain stimulation at any time point; further, rs6265
C/C subjects treated with stimulation were associated with worse UPDRS part 11 scores at 24
months compared to medical therapy.

Conclusions: Genotyping for the rs6265 polymorphism may be useful for predicting long-
term response to drug therapy and counseling Parkinson’s disease patients regarding whether
to consider earlier subthalamic nucleus deep brain stimulation. Validation in a larger cohort of
early-stage Parkinson’s disease subjects is warranted.

Keywords

Parkinson disease; brain-derived neurotrophic factor; levodopa; subthalamic nucleus deep brain
stimulation; rs6265

Introduction

Oral levodopa and deep brain stimulation of the subthalamic nucleus (STN DBS) are the
mainstay pharmacologic and surgical therapies, respectively, for Parkinson’s disease (PD).
The introduction of levodopa often leads to a brief period of dramatic efficacy known as the
‘honeymoon’ phase. This honeymoon rapidly ends with increasing medication requirements
and the onset of motor fluctuations, beginning after four to six years of levodopa treatment
for about 40% of patients.! During mid- and late-stage PD, some patients elect to undergo
STN DBS and often experience a marked improvement in motor function, quality of

life and motor fluctuations referred to by some as a ‘second honeymoon’.2 Although
generally effective in treating PD motor symptoms, clinical response is highly variable

for both of these therapies. For example, early-stage PD subjects receiving equivalent
levodopa dosages experience a magnitude of response ranging from a 100% improvement
to a 242% worsening as assessed using the Unified Parkinson’s Disease Rating Scale

part 111 (UPDRS-I11, motor score).3 In one of the largest clinical trials of STN DBS, late-
stage PD subjects experienced improvements in UPDRS-111 that ranged from 3% to 63%
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improvement.# In addition, in a clinical trial of mid-stage PD subjects comparing STN DBS
to medical therapy, UPDRS-III scores in the STN DBS treatment group ranged from an 83%
improvement to a 7% worsening, whereas in the medication arm UPDRS-111 scores ranged
from a 50% improvement to a 42% worsening.® These reports underscore the heterogeneity
in clinical outcomes in association with different therapies across disease stages.

Variability in therapeutic outcomes may be explained from specific genetic variants,® 7
like the rs6265 single nucleotide polymorphism (SNP) in the gene BDONF. A Val66Met
substitution (C>T) in the prodomain of brain-derived neurotrophic factor (BDNF) decreases
its activity-dependent release.8 T allele carriers (C/T or T/T) comprise approximately one
third of the general population® and have reduced plasticity and volume of the motor
cortex and the caudate nucleus.1%-12 The rs6265 SNP is associated with a milder early
clinical phenotype in the unmedicated state of PD but not with increased incidence or

rate of progression.13: 14 Of importance, the rs6265 SNP may have pharmacogenetic
effects on PD clinical outcomes across disease stages. A recent report of early-stage PD
subjects demonstrated worse clinical outcomes when rs6265 T allele carriers were treated
with levodopa monotherapy compared to other dopamine replacement medications (e.g.,
dopamine agonists).1° Further, levodopa-induced dyskinesias develop earlier in T allele
carriers in some studies!® 17 but not all.18 Beyond pharmacologic effects, BDNF signaling
may also contribute to the efficacy of STN DBS.19: 20 Indeed, preclinical studies show that
both chronic levodopa administration and STN DBS result in alterations in brain-derived
neurotrophic factor (BDNF) levels.21-23 Therefore, we hypothesized the BDNFrs6265 T
allele may alter antiparkinsonian treatment outcomes, including pharmacologic therapy with
levodopa and surgical therapy with STN DBS. Retrospective examination of the completed
Vanderbilt DBS in Early Stage PD clinical trial, which enrolled early-stage PD subjects
who were randomized to medical therapy or STN DBS, provides an opportunity to test this
hypothesis.24

Materials and Methods

We collected and genotyped DNA samples and retrospectively analyzed available clinical
data from the Vanderbilt DBS in Early Stage PD trial. This study was approved by the
Institutional Review Board of Vanderbilt University (#040797).

Vanderbilt Subjects and Trial Design

We genotyped subjects enrolled in the previously published Vanderbilt DBS in Early Stage
PD trial.2* Twenty-nine, early-stage PD subjects prospectively treated for two years with
bilateral STN DBS plus medication (“DBS”) or medical therapy (MT) completed the
two-year trial. Subjects in the MT arm were treated primarily with levodopa and catechol-O-
methyltransferase (COMT) inhibition or a dopamine agonist.2> Twenty-eight subjects (15
DBS, 13 MT) consented for genetic testing. Subjects were age 50-75 years, diagnosed with
idiopathic PD, Hoehn and Yahr Stage Il when off medication, treated with antiparkinsonian
medications for >6 months but <4 years and with no history of dyskinesia or other motor
fluctuations (Table 1). All subjects randomized to DBS were implanted with bilateral STN
leads. Stimulation was optimized throughout the trial to maximize clinical benefit while
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minimizing adverse effects. Medications were optimized by each subject’s original treating
neurologist to reduce investigator bias. Subjects were followed for 24 months. Assessments
included UPDRS at baseline and six-month intervals. UPDRS-I11 (excluding rigidity) was
videotaped in the ON therapy state and was scored by an independent, blinded PD expert
certified in scoring the UPDRS. Levodopa-equivalent daily doses (LEDDs) were calculated
as described previously.28

SNP Genotyping

Vanderbilt subjects’ blood or saliva samples were collected, and high-quality genomic DNA
was isolated using the prepl T-L2P (DNA Genotek) reagent. Samples were genotyped for
the BDNFrs6265 SNP using the 5 exonuclease allelic discrimination Tagman assay.
Genotyping was performed with a minimum 20 ng of genomic DNA in a 25 pl reaction
volume in duplicate using Tagman Genotyping Mastermix (Applied Biosystems, 4371353).
Reactions were run using a Real-Time PCR instrument (Viia 7, Applied Biosystems).

Data were analyzed for genotype determination calls made by Tagman Genotyper software
(Applied Biosystems).

Vanderbilt Analysis and Statistics

Results

We compared the outcomes of DBS and MT patients with and without rs6265 T alleles (i.e.,
C/T and T/T vs. C/C) using a mixed effects model that included the fixed effects (genotype,
treatment, time) as well as their pairwise and three-way interactions and an autoregressive
covariance structure to account for repeated measures at baseline, 6, 12, 18, and 24 months.
Parameters were estimated from this model and used to compare group differences in

terms of average scores over time. UPDRS and its four subparts were analyzed. Statistical
significance was set at p < 0.05. All tests were two-tailed. These analyses were performed
using SAS (v9.3; Cary, NC) and R (http://www.r-project.org/).

We genotyped subjects enrolled in the Vanderbilt trial in which bilateral STN DBS plus
medication (“DBS”) was compared prospectively to medical therapy (MT) over two years in
early-stage PD.2* Five of fifteen subjects (33%) in the DBS arm and six of thirteen subjects
(46%) in the MT arm carried at least one rs6265 T allele (C/T or T/T; Table 1).

At baseline, all clinical endpoints were similar across rs6265 genotypes (Table 1). However,
over time, T allele carriers on MT exhibited higher (worse) average ON UPDRS scores
compared to C/C MT subjects. Specifically, at 18 (o= 0.017) and 24 months (p= 0.019)
UPDRS scores were higher in T allele carriers compared to C/C MT subjects (Figure 1A).
At 24 months, the average UPDRS score of T allele carriers was ~20 points higher (C/C MT
=33.1 (SE 4.3); C/T or T/T MT =53.2 (6.3)). Similarly, T allele carriers in the MT arm
displayed significantly higher (=16 points) PDQ-39 scores at 12 (p = 0.033) and 24 months
(31.80 (8.01), p=0.018) compared to C/C subjects in the MT arm (14.97 (5.62), Figure 1B).

The differences in UPDRS scores were examined further by its parts I-1V. T allele carriers
on MT had higher UPDRS-II scores than C/C subjects at 18 months (13 (2.1) versus 6.6
(1.2), respectively; p=0.03) and at 24 months (14.5 (2.3) versus 7.4 (1.5), respectively; p=
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0.017, Figure 2B) with large numerical differences in UPDRS-III. In contrast, no differences
due to genotype were observed between T allele carriers and C/C subjects receiving DBS at
any time with any metric (Figure 1C,D and Figure 2E-H, p> 0.05). UPDRS-IV scores were
low overall (Figure 2D,H).

Treatments were compared within genotype from a precision medicine perspective. At 24
months, T allele carriers on DBS had lower UPDRS scores at 24 months versus those on
MT, although this difference (~17 points) was not statistically significant in this small study
(Figure 3B, p=0.06, p = 0.714). Further, at 24 months T allele carriers treated with DBS
had lower numerical PDQ-39 scores compared to subjects on MT, but this difference (x15
points) was not significant statistically as well (Figure 3C, p=0.08, p = 0.748). Of note, C/C
subjects on MT had better UPDRS-I1 scores at 24 months (7.43 (1.58)) compared to those
on DBS (13.75 (1.77), Figure 3A, p=0.016).

To determine if drug prescribing practices and dosages contributed to observed differences,
LEDDs were compared between genotype-therapy groups. LEDDs (mg/day) at 24 months
were not different between DBS T allele carriers (491 (213)), DBS C/C subjects (526 (65)),
MT T allele carriers (537 (110)) and MT C/C subjects (715 (101)).

Discussion

Using a hypothesis-driven approach, three potential conclusions can be made about disease
outcomes for PD subjects and the BONFrs6265 SNP. First, these data replicate in an
independent cohort that the rs6265 SNP contributes to the heterogeneous outcomes of the
treatment strategies commonly employed in early-stage PD, particularly for levodopa.1®
Second, there is no difference between T allele carriers and C/C subjects within the DBS
arm. Third, C/C subjects with early-stage PD are associated with improved activities of daily
living, as measured by UDPRS-I11, when treated with pharmacotherapy over STN DBS.

A recent retrospective analysis of a large sample of early-stage PD subjects over three
years was the first to demonstrate an association with worse clinical outcomes in rs6265

T allele carriers, specifically with levodopa monotherapy compared to a non-levodopa
treatment strategy.1® The present study replicates this finding since within the MT arm T
allele carriers were associated with numerically worse UPDRS scores throughout the study
and significantly diverging at 18 and 24 months. Of note, the scores at 24 months are
about 20 points higher, a large clinically important difference.2’ The UPDRS parts Il and
I11, measures in activities of daily living and motor outcomes, respectively, contributed to
this spread. Of note, while the rs6265 SNP has been associated with earlier development
of levodopa-induced dyskinesia,16: 17 these were not significantly present in this study of
early-stage subjects based on the overall very low UPDRS part IV scores that measure

this and other complications of therapy. Conversely, in the present study the rs6265 T
allele was not associated with worse clinical outcomes with STN DBS over two years. Of
importance, whereas the rs6265 SNP did not account for heterogeneity in DBS outcomes,
the T allele may be a biomarker for considering early treatment with STN DBS over
continuing standard pharmacotherapeutic strategies. Therefore, to understand this interaction
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better, future clinical trials exploring STN DBS in early-stage PD should consider including
genotyping for rs6265.

Preclinical work has implicated BDNF-tropomyosin-related kinase type 2 (trkB) signaling
in the antiparkinsonian efficacy of both levodopa and STN DBS.21-23 Specifically, levodopa
administration to unilaterally lesioned rats increased transcript expression of BDNF in the
frontal cortex and trkB in the striatum?; further, a progressive, levodopa-induced increase
in corticostriatal BDNF release was critical to enhanced responsiveness to levodopa and

its beneficial effects on motor performance.2! In a similar PD rat model, STN DBS
significantly increased BDNF in the nigrostriatal system and primary motor cortex, 2

and pharmacologic blockade of trkB attenuated stimulation efficacy.22 The decrease in
activity-dependent BDNF release resulting from possession of the T allele?® may confer a
suboptimal, striatal dopaminergic tone that is insufficient to maintain a prolonged response
to dopaminergic medication. Indeed, healthy control subjects with the T allele display
altered striatal dopamine signaling.2® Conversely, the lack of impact we observed of the T
allele on DBS outcomes may be due to the limited involvement of dopaminergic signaling
in DBS therapeutic efficacy.30 31 Future preclinical studies will examine the potential
mechanisms driving our clinical observations.

The present study applies a precision medicine approach to the approximate one third of

the PD population carrying at least one rs6265 T allele® to improve clinical decisions. This
study replicates in early-stage PD subjects that rs6265 T allele carriers have worse outcomes
with a primarily levodopa pharmacotherapeutic strategy. Pharmacogenetic considerations
for PD have previously focused on genes that alter drug metabolism or dopamine
transmission.32 33 Surgicogenetic studies for stimulation procedures for PD have yielded
mixed results and without a pharmacotherapy control group.34-37 The present results suggest
that the brain environment created by possession of the T allele shapes the response to
antiparkinsonian pharmacotherapy. This study is consistent with prior work demonstrating T
allele carriers are associated with better clinical outcomes from avoiding levodopa especially
as a monotherapy.1> Whether early STN DBS is another approach is unknown, as it was

not compared directly to a levodopa-sparing strategy (e.g., dopamine agonist monotherapy).
Further, there was not adequate power to avoid a false-negative result, as evidenced by the
large B errors in comparing T allele carriers randomized to MT versus DBS. Of note, a
previous analysis of this same clinical trial demonstrated MT subjects were treated with
polypharmacy more often over time compared to DBS subjects,2® and this partly may

be due to the T allele carriers treated with levodopa monotherapy are not converting to
polypharmacy in the presence of stimulation. If these results are replicated in a prospective
clinical trial, rs6265 SNP genotyping would be the first precision medicine approach that
alters a pharmacotherapy treatment decision and perhaps the recommended timing of a
surgical treatment.

Since this study was a retrospective analysis, stratification by genotype could not be
performed, so the data may be subject to bias not addressed through randomization. T allele
carriers on MT show a lower average LEDD than C/C subjects on MT that could contribute
to the different UPDRS-111 scores at 24 months; however, the magnitude of difference in
LEDDs between these groups was nearly identical at the start compared to the end of the
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study (144.5 vs. 148.4 mg/day, or expressed as percentages, T allele carriers were prescribed
an average LEDD of 69% and 75% of the C/C subjects at 0 and 24 months, respectively).

It is unlikely that underlying differences in prescribing practices of the treating neurologists
account for all of the variance in the LEDDs between T allele carriers and C/C subjects in
the MT arm. Differences in LEDDs between subgroups were not statistically significant at
baseline or at the end of the study. In contrast, there was no difference in outcomes with

MT between C/C subjects and T allele carriers at baseline, but over the course of 24 months
these differences were magnified and became significant. Lastly, some group variability may
be influenced by differences in electrode placement and were not assessed by an active
electrode contact analysis; however, these likely are randomly distributed across genotypes
within the DBS group. To strengthen further the evidence for this study’s conclusions,
similar analyses on clinical outcomes with different pharmacotherapeutic strategies and with
STN DBS in a prospective trial are the suggested next step.

In conclusion, the BDNFs6265 T allele is associated with worse disease outcomes in those
treated with pharmacotherapy but not STN DBS in early-stage PD patients. The approximate
one-third of PD patients carrying a T allele may have improved early therapeutic outcomes
when treated with STN DBS. If these results are replicated prospectively, accounting

for the BDNFrs6265 SNP in clinical practice and in planning clinical trials would be
warranted. Future investigation should include the interaction of the BONFrs6265 SNP and
antiparkinsonian treatment strategies as a potential avenue for personalized medicine and
therapy development.
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Figure 1. Impact of the BDNF rs6265 SNP on UPDRS and PDQ-39 over 2 years after initiation
of DBS or with Medical Therapy.

T allele carriers in the medical therapy (MT) treatment arm exhibited significantly higher
(worse) ON total UPDRS at 18 and 24 months compared to C/C MT subjects (A, *, p=
0.017 and p=0.019, respectively). T allele carriers also displayed higher (worse) PDQ-39
scores at 12 and 24 months compared to C/C subjects on MT (B, *, p=0.033 and p=0.018,
respectively). No significant differences were observed between T allele carriers and C/C
subjects receiving deep brain stimulation (DBS, ON medication and ON stimulation) at any

time point (C, D, p> 0.05). Values represent the mean + SEM.
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Figure 2. Impact of the BDNF rs6265 SNP on UPDRS parts |-V over 2 years.
T allele carriers in the MT arm displayed significantly higher (worse) UPDRS-II scores at 24

months compared to C/C subjects (B, *, p=0.017). In the other UPDRS parts, no significant
differences were observed due to either rs6265 genotype or treatment (A, C-H, p> 0.05).
Values represent the mean + SEM.
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Figure 3. BDNF rs6265 genotype as a sur gicogenetic approach.

C/C subjects are associated with higher (worse) UPDRS-II scores at 24 months with DBS
compared to MT (A, p=0.016). T allele carriers in the MT arm displayed higher (worse)
UPDRS (B) and PDQ-39 (C) scores at 24 months compared to T allele carriers in the DBS
arm, though these trends did not reach statistical significance (UPDRS: p= 0.06; PDQ-39: p

= 0.08). Values represent the mean =+ SEM.
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Table 1.

Vanderbilt Cohort Baseline Demographic Characteristics by rs6265 Genotype.

Baseline Characteristics All AllCIT DBS DBS MT MT
C/IC or TIT C/C CIT or C/C CIT or
(n=17) (n=11) (n=10) TIT (n=7) TIT
(n=5) (n=6)
Gender
Men 14 11 9 5 5 6
Women 3 0 1 0 2 0
Age (years) at enrollment
Mean 61.2 59.7 60.4 61.1 62.2 58.5
(1.8) (1.5) (24) (1.9) (2.8) (24
Range 52.2-739 | 50.2-67.9 | 52.2-73.9 | 55.4-67.0 | 52.4-69.6 | 50.2-67.9
PD Duration (years) 2.2 2.1 2.6 1.4 1.7 2.7
(0.5) (0.6) 0.7) (0.7) (0.5) 0.9)
Medicine Use
Mean Duration (years) 2.3 1.8 2.7 15 1.8 2.1
0.4) 0.4) 0.7) (0.7) (0.3) (0.6)
Mean Levodopa equivalents, Total (mg/day) 472.1 427.6 405.9 469.7 566.6 392.5
(73.2) (62.0) (100.5) (130.8) (102.6) (46.1)
From Levodopa and COMT inhibitors (mg/day) 3385 140.8 2429 259.7 475.2 41.7
From Dopamine agonists (mg/day) 1321 221.4 160.5 190.0 91.4 300.8
From MAOB Inhibitors or antivirals (mg/day) 15 65.4 25 20.0 0.0 50.0
UPDRS Scores
Mean Total (ON) 33.0 377 36.1 34.2 27.8 40.6
(3.9) (3.8) (5.4) (6.6) (5.1) (4.6)
Mean UPDRS | 2.1 1.5 1.6 1.8 1.3 2.3
(0.4) (0.3) (0.5) (0.6) 0.4 (0.6)
Mean UPDRS Il (OFF) 11.2 10.1 131 8.2 8.4 11.7
(12) (13) (1.5) (15) (13 (1.5)
Mean UPDRS Il (ON) 8.2 8.1 9.3 5.4 6.3 10.5
(1.5) (11) (1.5) (1.9 (1.6 (1.8)
Mean UPDRS |11 (OFF) 28.3 30.6 26.8 30.2 30.3 30.8
(2.3) (2.6) (3.3) (4.60 (3.3) (3.3)
Mean UPDRS 111 (ON) 211 25.2 24.6 23.2 175 25.7
(2.9) (2.9) (6.0) (4.0 4.2) (2.5)
Mean UPDRS IV 2.0 2.3 2.0 2.4 2.0 2.2
0.9) 0.8) (0.5) 1.3) (0.6) (1.0)

Page 13

MT = medical therapy, DBS = deep brain stimulation, COMT = catechol-O-methyltransferase, MAOB = monoamine oxidase B. Values represent

the mean (SEM).
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