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ABSTRACT: Multiple system atrophy (MSA) is a rare
and fatal neurodegenerative disease with limited symp-
tomatic treatment options. Aggregation of α-synuclein in
oligodendrocytes is believed to be a central mechanism
of the neurodegenerative process. PD01A and PD03A
are 2 novel therapeutic vaccine candidates containing
short peptides as antigenic moieties that are designed to
induce a sustained antibody response, specifically
targeting pathogenic assemblies of α-synuclein. The
objectives of the current study were to evaluate primarily
the safety and tolerability of PD01A and PD03A in
patients with early MSA. Thirty patients (11 women) were

randomized to receive 5 subcutaneous injections of
either PD01A (n = 12), PD03A (n = 12), or placebo
(n = 6) in this patient- and examiner-blinded, placebo-
controlled, 52-week phase 1 clinical trial (ClinicalTrial.
gov identifier: NCT02270489). Immunogenicity and
clinical scores were assessed as secondary objec-
tives. Twenty-nine patients reported a total of
595 treatment-emergent adverse events (mild or mod-
erate, n = 555; severe, n = 40). Treatment-related
adverse events included 190 injection-site reactions
typically observed in vaccination trials with similar per-
subject incidence in the treatment groups over time.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits
use and distribution in any medium, provided the original work is prop-
erly cited, the use is non-commercial and no modifications or adapta-
tions are made.

*Correspondence to: Prof. Wassilios Meissner, CRMR AMS, Hôpital
Pellegrin, CHU Bordeaux, Place Amélie Raba Léon, 33076 Bordeaux
Cedex, France; E-mail: wassilios.meissner@chu-bordeaux.fr
†Current address: Origenis GmbH, Munich, Germany
‡Current address: Accanis GmbH, Vienna, Austria

Relevant conflicts of interest/financial disclosures: W.G.M., R.M.,
and W.P. have received consultancy fees from Affiris. G.G., A.K., G.S.,
and A.S. are currently or were in the past employed by Affiris AG.

Funding agencies: The study was part of an EU-funded program (FP7,
SYMPATH grant agreement 602999).

Received: 27 March 2020; Revised: 30 May 2020; Accepted: 15
June 2020

Published online 3 September 2020 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.28218

Movement Disorders, Vol. 35, No. 11, 2020 1957

https://orcid.org/0000-0003-2172-7527
https://orcid.org/0000-0001-7200-0139
http://clinicaltrial.gov
http://clinicaltrial.gov
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wassilios.meissner@chu-bordeaux.fr
http://wileyonlinelibrary.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fmds.28218&domain=pdf&date_stamp=2020-09-03


Sustained IgG titers were observed in the PD01A-
treated group, and 89% of treated patients developed
a PD01-specific antibody response after receiving all
injections. Induced antibodies displayed clear reactiv-
ity to the α-synuclein target epitope. Titers and anti-
body responder rate (58%) were lower in the PD03A-
treated group. In conclusion, both PD01A and PD03A
were safe and well tolerated. PD01A triggered a rapid

and long-lasting antibody response that specifically
targeted the α-synuclein epitope. © 2020 The Authors.
Movement Disorders published by Wiley Periodicals
LLC on behalf of International Parkinson and Move-
ment Disorder Society.

Key Words: MSA; α-synuclein; active immunization;
treatment

Multiple system atrophy (MSA) is a debilitating and
fatal neurodegenerative disease characterized by a variable
combination of autonomic failure, parkinsonism, and cer-
ebellar and pyramidal features. The estimated prevalence
of this rare disease ranges between 1.9 and 4.9 per
100,000.1 Clinically, 2 major subtypes are distinguished,
one with predominant parkinsonism (MSA-P) and one
with dominating cerebellar impairment (MSA-C). Both
have poor prognosis. Current treatment options are lim-
ited and provide only some symptomatic relief. Therefore,
disease-modifying therapies remain an urgent unmet
need.2,3

The neuropathological hallmark is the accumulation of
α-synuclein in oligodendrocytes, forming glial cytoplasmic
inclusions,4-6 qualifying MSA as a synucleinopathy
together with Parkinson’s disease and Lewy body demen-
tia. The origin of α-synuclein in glial cytoplasmic inclu-
sions remains under debate, and the exact mechanisms
underlying the pathogenesis are only incompletely under-
stood. Nevertheless, the accumulation of α-synuclein
aggregates and their cell-to-cell propagation are believed
to play a central role at molecular and cellular levels in the
neurodegenerative process in MSA.1,3,7-10

As a consequence, α-synuclein-targeting therapies are
currently considered a promising approach to prevent
disease progression in MSA.3,11 One suitable approach
being investigated is specific active immunotherapy.
This involves immunization with short peptides
(AFFITOPEs) mimicking the amino acid sequence of a
segment of the target protein.12 The respective
AFFITOPE is conjugated to the carrier protein keyhole
limpet hemocyanin (KLH) and is absorbed to alumi-
num hydroxide. The carrier protein provides the
required T-helper epitopes for the induction of a long-
lasting and boostable antibody response, whereas the
antigenic component (ie, the AFFITOPE) operates
solely as a B-cell epitope and is responsible for the spec-
ificity of the humoral immune response. Specific active
immunotherapy against α-synuclein has been designed
to induce a long-lasting antibody response specific for
aggregated α-synuclein species and has been shown to
interfere with α-synuclein pathogenic mechanisms.11-13

The specific active immunotherapy candidates PD01A
and PD03A have proven to be highly immunogenic and to
induce α-synuclein aggregate-specific antibodies in mice.14,15

In a transgenic mouse model of MSA, active immunization
with PD01A induced specific antibodies against α-synuclein
and mitigated the accumulation of α-synuclein aggregates,
whichwas associatedwith reduced neurodegeneration.14

Here, we assessed in a first-in-human trial, the safety,
tolerability, and immunogenicity of the 2 α-synuclein
targeting AFFITOPE vaccines PD01A and PD03A in
patients with early MSA.

Methods
Study Design

This bicenter, randomized, patient- and examiner-
blinded, placebo-controlled, parallel-group phase 1 clini-
cal trial assessed safety, tolerability, and immunogenic-
ity of repeated subcutaneous injections of either
PD01A, PD03A or placebo in weeks 0, 4, 8, 12, and
36 in patients with early MSA. Patients were enrolled
between December 2014 and March 2016 at the 2 sites
of the French Reference Center for MSA at the Univer-
sity Hospitals in Bordeaux and Toulouse. This study
received ethical approval (CPP Sud-Ouest et Outre-Mer
III, 2014/65) and was conducted according to the Dec-
laration of Helsinki (EudraCT: 2014–000567-40,
ClinicalTrial.gov identifier: NCT02270489).
Patients between 30 and 75 years with early MSA

(defined as <4 years from symptom onset) fulfilling current
consensus criteria for a diagnosis of possible or probable
MSA16 were randomized to receive treatment with either
PD01A (n = 12), PD03A (n = 12), or placebo (n = 6); see
Figure 1. Participants had no major cognitive impairment
(Montreal Cognitive Assessment score at screening ≥ 21)
and were on stable medications for at least 30 days at the
screening visit. Treatments for concomitant illnesses had to
remain stable during the entire study period. In addition,
efforts were made to keep treatments for MSA symptoms
(eg, dopamine replacement therapy, midodrine,
fludrocortisone, laxatives, antidepressants) as stable as pos-
sible during the entire study period. Patients were random-
ized according to the permuted blocks method with fixed
block size. The randomization sequence was computer-
generated by the trial sponsor’s statistician. Patients were
randomized accordingly by a responsible unblind person
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(designated staff member at each study site without any
involvement in the study assessments).
According to the request of the French regulatory

authorities (Agence Nationale de Sécurité du Médica-
ment), enrollment was stopped after the 6th and 16th
patient had completed the 3 primary immunizations for
interim safety assessments. If a suspected unexpected
serious adverse reaction was reported, the Data Safety
Monitoring Board was to be consulted to evaluate the
event and to provide recommendations concerning con-
tinuation of the trial.

Study Treatments
PD01A, PD03A, and placebo were administered 5 times

via subcutaneous injection in weeks 0, 4, 8, 12, and 36.
Injections of PD01A and PD03A contained the AFFITOPE
peptide (either PD01 or PD03)-KLH conjugates adjuvanted
with aluminum hydroxide (Alhydrogel) in phosphate-
buffered saline (PBS), whereas placebo injections consisted
of aluminum hydroxide in PBS only. The administered
dose of 75 μg corresponds to the amount of immunizing
peptide in the conjugate. The investigational medicinal
product (IMP) was prepared on site by the responsible
unblind staff member (see above).

Study End Points
The primary end point was safety and tolerability as

determined by withdrawal criteria, adverse events
(AEs), serious adverse events (SAEs), physical and neu-
rological examination results, vital signs, body mass,
safety reads of brain magnetic resonance imaging
(MRI), and laboratory assessments. Secondary end
points included immunogenicity (ie, the change from
baseline of antibody titers specific for the immunizing
peptides PD01A and PD03A and the targeted
α-synuclein epitope) and clinical rating scales (ie, the
change from baseline in Unified MSA Rating Scale
[UMSARS] I–IV, Geriatric Depression Scale [GDS], and
Composite Autonomic Symptom Score 31 [COMPASS
31] scores).
Safety monitoring performed at every study visit

included assessments of local site reactions, vital signs,
physical and neurological examinations, and blood lab-
oratory testing. Adverse events were coded using
MedDRA dictionary version 18.1. Grading of injection-
site reactions was performed according to the US Food
and Drug Administration Guidance for Industry: “Tox-
icity Scale for Healthy Adult and Adolescents Patients
Enrolled in Preventive Vaccine Clinical Trials” from
2007. Investigator-blinded brain MRI (high-field 3.0 T

FIG. 1. Study design and patient enrollment. [Color figure can be viewed at wileyonlinelibrary.com]
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with fast 3-plane localizer, T1-3-D-weighted, T2-3-D-
weighted, and FLAIR-3D sequences) and clinical assess-
ments (UMSARS I–IV, GDS, and COMPASS 31) were
performed at baseline, week 26, and the end of study.
Lumbar puncture was performed at baseline and week
40. The total study duration was 52 weeks.

Specific Active Immunotherapy IgG Response
For immunogenicity testing, serum samples were seri-

ally diluted (1:3 dilution steps) and evaluated by an
external provider (eBioscience, Vienna) using an ELISA
validated to specifically detect IgG antibodies. Titers
were determined for reactivity with either PD01 or
PD03, with the native epitope on the target α-synuclein
protein, an irrelevant control peptide, and the carrier
protein KLH (to confirm patients’ immune compe-
tence). A serial dilution of a human IgG pool coated to
the ELISA plate was used as a calibration curve, and
results are presented as geometric mean end-titers. End-
titers were defined as last serum dilution that gave a sig-
nal that was higher than the signal of the calibration
curve at penultimate dilution. Immune responders
(seroconversion) were defined as patients with a PD01
or PD03 peptide titer ratio ≥ 4-fold relative to
baseline.17

Statistical Analysis
The safety population was defined as patients enrolled

into the study and receiving at least 1 immunization (iden-
tical to the intention-to-treat population [ITT]).
Statistical analyses were performed based on the 3 treat-

ment groups (frequency table for categorical data and
descriptive statistics for continuous data). All statistical
tests in this study were regarded as hypothesis-generating
and P values as descriptive. The sample size of this explor-
atory study was based on a clinical rationale; no formal
sample size calculation was performed.
Immune parameters were statistically compared

between treatment groups at the different visits using
analysis of covariance with baseline as covariate based
on log-transformed data (geometric mean and 95% CI).
For the comparison of baseline UMSARS II (motor
examination) scores and their change over time, a mixed
model for repeated measurements was used to obtain the
average treatment effect over the whole study period with
the fixed-effects parameter baseline, treatment, and time
as well as treatment-by-time interaction. Depending on
normality of data, a paired t test or a Wilcoxon signed-
rank test was performed to compare the changes of
UMSARS I/IV, GDS, and COMPASS 31 scores from
baseline to study end for each treatment group.

TABLE 1. Demographics and clinical baseline characteristics

Parameter
PD01A PD03A Placebo Total
(n = 12) (n = 12) (n = 6) (n = 30)

Age (years) Median (range) 62 60 66 61
(42–74) (47–71) (48–70) (42–74)

Body weight (kg) Median (range) 69.5 76.5 73.0 73.0
(45–97) (56–102) (57–94) (45–102)

Sex, n Female 6 4 1 11
Male 6 8 5 19

Time since symptom onset (years) Mean 2.93 2.50 2.88 2.75
Time since MSA diagnosis (years) Mean 0.68 0.79 0.82 0.75
MSA-P/MSA-C Number 7/5 6/6 1/5 14/16
UMSARS I score Median (range) 16.0 16.5 15.5 —

(4–25) (8–21) (10–27)
UMSARS II score Median (range) 14.5 18.5 14.5 —

(7–32) (11–27) (12–29)
UMSARS III: systolic blood pressure in supine position (mm Hg) Median (range) 128 142 135 —

(103–223) (104–170) (116–203)
UMSARS III: diastolic blood pressure in supine position (mm Hg) Median (range) 79 83 85 —

(63–125) (67–100) (70–96)
Maximal drop in systolic blood pressure (mm Hg) Mean 30 28 31 —

Maximal drop in diastolic blood pressure (mm Hg) Mean 13 13 14 —

UMSARS III: orthostatic symptoms No/yes 8/4 7/5 4/2 —

UMSARS IV Median (range) 2 2 2 —

(1–4) (1–2) (1–3)
GDS Median (range) 4.0 5.5 7.5 —

(0–9) (0–11) (2–10)
COMPASS 31 score Median (range) 41.0 37.1 53.1 —

(3.2–56.6) (11.1–57.1) (1.9–59.8)

UMSARS, Unified Multiple System Atrophy Rating Scale I–IV; GDS, Geriatric Depression Scale; COMPASS 31, Composite Autonomic Symptom Score; data from
ITT population.
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Results
Demographics

Thirty patients were enrolled (11 women) with a
median age of 61 years and a mean interval of
2.75 years since symptom onset (0.75 years since MSA
diagnosis). Baseline characteristics with corresponding
clinical scores are presented in Table 1. Twenty-five
patients received at least 1 concomitant symptomatic
medication, mostly dopamine replacement therapy with
5 subjects receiving a combination of several drugs.

Safety
The safety population included all 30 enrolled sub-

jects. A total of 595 treatment-emergent adverse events
(TEAEs) were reported by 29 patients (Table 2). Fifteen
serious adverse events (SAE) were reported in this study
in eleven patients (10 SAEs in 7 PD01A patients, 2 SAEs
in 2 PD03A patients, and 3 SAEs in 2 placebo-treated
patients; Table S1).
Twenty-four patients completed the trial, and 6 dis-

continued the study treatment. Reasons for study dis-
continuation were death (2 patients), withdrawal
shortly followed by death (1 patient), fatigue
(2 patients), and concomitant disease (1 patient). The
reported cause of death was worsening of MSA-related
conditions for 2 patients and pulmonary embolism for
1 (pulmonary embolism and MSA diagnosis were con-
firmed in this patient by autopsy). All 3 deaths were
considered unrelated to the active treatments after a
detailed investigation involving the French Competent
Authority (Agence Nationale de Sécurité du Médica-
ment) and the Data Safety Monitoring Board.
The vast majority of reported TEAE were of mild or

moderate intensity, leaving 40 adverse events classified
as severe (Table 2). The number of TEAEs and
treatment-related AEs per subject was very similar in all
treatment groups. Overall, there were 190 local reac-
tions and 200 systemic reactions when including only
events with an incidence >10% of subjects (Table S2).
There were 17 injection-site reactions after the first

immunization and 52 after the second immunization,
followed by a plateau in both absolute number and
affected subjects. Severe local reactions were sporadi-
cally observed.
There were 277 adverse events classified as related to

study medication (possibly, probably, or certainly
related), of which 190 were injection-site reactions, typ-
ically observed in vaccination trials, and systemic events
such as fatigue, headache, and nausea. The number of
injection-site reactions per sex was similar for PD01A,
but higher for women in the PD03A and placebo treat-
ment groups (PD01A, 8.6 ISR/woman vs 8.8 ISR/man;
PD03A, 9.3 ISR/woman vs 5.4 ISR/man; placebo, 11.0
ISR/woman vs 6.8 ISR/man); see Table S3.
Compatible with the underlying disease, vital signs,

physical and neurological examinations, and some
hematology and clinical chemistry laboratory results
were abnormal and considered clinically significant at
baseline and during the study. Brain MRI and cerebro-
spinal fluid (CSF) assessments did not reveal any sign of
an adverse neuroinflammatory response induced by
the IMP.

Antibody Titers
Both active treatments, PD01A and PD03A, induced

a sustained IgG antibody response against the immuniz-
ing peptides PD01 and PD03, respectively (Fig. 2A,B).
Titers peaked in week 12 (4 weeks after the third
immunization) and subsequently declined, with a half-
life of approximately 12 weeks. The geometric group
mean titer against the immunizing peptide increased sig-
nificantly in the PD01A-treated group compared with
placebo by a factor of 114, from 1:41 at baseline to
1:4673 in week 12 (P = 0.0078 change from baseline;
Fig. 2A) and in the PD03A-treated group compared
with placebo by a factor of 14.6, from 1:94 to 1:1379
(P = 0.0179 change from baseline; Fig. 2B). After
3 priming injections, 9 of 11 patients in the PD01A
group (82%) and 7 of 12 patients in the PD03A group
(58%) met the predefined cutoff for seroconversion.
The boost immunization in week 36 reactivated the

TABLE 2. Overview of TEAE by severity and relation to study medication

Parameter PD01A (n = 12) PD03A (n = 12) Placebo (n = 6) Total (n = 30)

All TEAE Subjects (events) 11 (231) 12 (217) 6 (147) 29 (595)
Mild TEAE 11 (116) 12 (108) 6 (101) 29 (325)
Moderate TEAE 11 (94) 11 (92) 6 (41) 28 (227)
Severe TEAE 8 (19) 7 (16) 2 (5) 17 (40)
Fatal events 2 (2) 1 (1) 0 3 (3)
SAE 7 (10) 2 (2) 2 (3) 11 (15)
Treatment-related AE Subjects (events) 11 (109) 10 (97) 6 (71) 27 (277)
Unrelated AE 11 (122) 12 (120) 6 (76) 29 (318)

AE, adverse event; treatment-related AE, AE classified as possibly, probably, or certainly related to the IMP; SAE, serious adverse event; TEAE, treatment-
emergent AE; data from ITT population.
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antibody response, with peak titers achieved 4 weeks
after the administration, resulting in geometric group
mean titers of 1:6740 in the PD01A group (P = 0.0066
compared with placebo, with 8 of 9 patients showing
seroconversion — 89%) and 1:1080 in the PD03A

group (P = 0.0437 compared with placebo, with 7 of
12 patients classified as serological responders —

58%). In both groups, the booster immunization trig-
gered a long-lasting antibody response, which could be
observed until the end of the study.

FIG. 2. PD01, PD03, and α-synuclein target epitope-specific titers over time. Primary immune response to the immunizing peptides PD01 (A), PD03 (B),
and the α-synuclein target epitope (C). Bars represent the 95% confidence intervals. Arrows indicate times of injection. *P < 0.05 compared with pla-
cebo (change from baseline); **P < 0.01 compared with placebo (change from baseline). [Color figure can be viewed at wileyonlinelibrary.com]

1962 Movement Disorders, Vol. 35, No. 11, 2020

M E I S S N E R E T A L

http://wileyonlinelibrary.com


Antibody titers against the α-synuclein target epitope
were lower than those measured against both immunizing
peptides, but the time profile of antibody development
was very similar for all. Following immunization with
PD01A peptide, antibody titers against the α-synuclein tar-
get epitope increased from 1:30 at baseline to 1:324 in
week 12 (P = 0.0097 compared with placebo; Fig. 2C) and
1:562 in week 40 (P = 0.0273 compared with placebo;
Fig. 2C). Antibody levels against the α-synuclein target
epitope did not increase significantly in the PD03A group,
reaching geometric group mean titers of 1:62 and 1:90 in
weeks 12 and 40, respectively (Fig. 2C). As expected, anti-
body reactivity to the immunizing PD01A and PD03A
peptides and to the α-synuclein target epitope did not
change over time in the placebo group (Fig. 2A–C).

Clinical Rating Scores
Results for UMSARS I–IV, GDS, and COMPASS

31 over time are summarized in Table 3. UMSARS I and
II scores increased significantly during the trial period in all
3 treatment groups (PD01A: change UMSARS I [V0–V8],
P = 0.0261; change UMSARS II [V0–V8], P = 0.0322;
PD03A: change UMSARS I [V0–V8], P = 0.0031; change
UMSARS II [V0–V8], P = 0.0043; placebo: change
UMSARS I [V0–V8], P = 0.0028, change UMSARS II
[V0–V8], P = 0.0033). Differences between groups were
not significant, and observed changes in activities of daily
living and motor symptoms were within the expected
ranges because of disease progression in all groups.
UMSARS IV scores increased within the PD03A

treatment group (change V0–V8, P = 0.0261), whereas
no significant changes were observed for GDS and
COMPASS 31 for all treatment groups.

Discussion

The primary objective of this first-in-human random-
ized phase 1 trial was to evaluate the safety and tolera-
bility of repeated administrations of 2 specific active
immunotherapies, PD01A and PD03A, in patients diag-
nosed with early MSA compared with placebo. The
immunization schedule had been designed to both eval-
uate the primary antibody response after the first
immunizations administered within 12 weeks and the
long-lasting antibody response after the boost immuni-
zation in week 36.
The overall safety profile showed no substantial dif-

ference between the 3 treatment groups. The 3 deaths
reported in this study were all classified as unrelated
to the IMP after external review, similar to all SAEs,
although the total number of SAEs was higher in the
PD01A group. There was a higher number of
injection-site reactions and a lower number of systemic
adverse events in the active treatment groups com-
pared with placebo. The high number of reported
adverse events was expected because of the severity of
the underlying disease itself, possible adverse events of
the concomitant symptomatic medications, and the
TEAEs caused by the active immunizations. The
TEAEs classified as related to PD01A and PD03A
were expected and generally well tolerated including
fatigue, headache, nausea, and injection-site reactions.
The incidence of local reactions increased after the first
immunization, but remained relatively constant after
the second immunization with no evidence for cumula-
tive severity.
The detected antibody response triggered by PD01A

was higher than that of PD03A. Immunization with

TABLE 3. Clinical scores over time by treatment group

Parameter
PD01A PD03A Placebo

(n = 12/10/8)a (n = 12/12/11)a (n = 6/6/6)a

UMSARS I score, median (range) Baseline 16.0 (4–25) 16.5 (8–21) 15.5 (10–27)
Week 26 (V5) 18.0 (9–33) 20.5 (7–29) 19.5 (12–37)
Week 52 (V8) 19.5 (10–34) 20.0 (7–26) 23.5 (18–40)

UMSARS II score, median (range) Baseline. 14.5 (7–32) 18.5 (11–27) 14.5 (12–29)
Week 26 (V5) 20.5 (5–32) 21.5 (15–35) 23.0 (11–35)
Week 52 (V8) 22.5 (5–41) 26.0 (11–41) 24.5 (20–43)

UMSARS III: orthostatic hypotension (yes/no) Baseline 8/4 9/3 4/2
Week 26 (V5) 7/3 7/5 5/1
Week 52 (V8) 6/2 7/4 5/1

UMSARS IV score median (range) Baseline 2.0 (1–4) 2.0 (1–2) 2.0 (1–3)
Week 26 (V5) 2.5 (1–4) 2.0 (1–4) 2.0 (2–4)
Week 52 (V8) 2.0 (1–4) 3.0 (1–3) 2.0 (2–4)

GDS score, median (range) Baseline 4.0 (0–9) 5.5 (0–11) 7.5 (2–10)
Week 26 (V5) 4.5 (0–9) 5.5 (0–12) 9.5 (2–13)
Week 52 (V8) 4.0 (1–11) 5.0 (1–12) 9.0 (2–12)

COMPASS 31 score, median (range) Baseline 41.0 (3.2–56.6) 37.1 (11.1–57.1) 53.1 (1.9–59.8)
Week 26 (V5) 35.3 (13.5–54.3) 22.7 (3.1–52.3) 47.4 (5.0–52.3)
Week 52 (V8) 39.6 (13.0–53.1) 40.2 (1.6–52.4) 52.8 (12.2–71.8)

aNumber of evaluated subjects at baseline/V5/V8; data from ITT population.
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PD01A resulted in a significant increase in titers against
the immunizing AFFITOPE PD01 peptide in week
12 (4 weeks after the third immunization), which trans-
lated to a humoral immune response against the
α-synuclein target epitope of approximately 1 order of
magnitude lower. The antibody response increased rap-
idly following a booster injection in week 40 (4 weeks
after the booster application), suggesting that the prim-
ing immunizations produced a significant memory
effect, and antibody levels persisted until the end of the
study. The observation of lower titers for the
α-synuclein target epitope compared with the immuniz-
ing AFFITOPE peptide may at least partially be
explained by the binding of vaccine-induced antibodies
to the target structure (ie, masking the number of
detected antibodies). IgG titers monitored after PD03A
application were lower than those observed for PD01A.
The reasons for this observation are currently unclear,
although impaired capacity of the immune system in
the PD03A treatment group could be ruled out, as the
immune response against the carrier protein KLH was
almost identical in both active treatment groups.
No data are yet available about the level of α-syn-

uclein-specific antibodies in the brain required to
achieve a therapeutic clinical effect. However, anti-
body levels in CSF and presumably also in the brain
seem to be dependent on the antibody concentration
in the circulation.18,19 Furthermore, different antibody
concentration dynamics induced either by active or
passive immunotherapy might further influence the
concentration of α-synuclein-specific antibodies in the
brain.
Our study has limitations. First, the small sample size

allowed us to obtain first insights into the safety profile
of PD01A/PD03A and potential efficacy measures in
MSA patients, which will help design future clinical
studies. However, the sample size was not sufficient to
detect statistically significant differences, and the study
was not designed to perform such tests. Second,
blinding was limited to patients and examiners. How-
ever, the involvement of an unblind person for random-
ization and IMP preparation without any involvement
in the study assessments, a similar number of TEAEs in
all 3 treatment groups and the assessment of antibody
titers after completion of the last study follow-up visit
ensured successful blinding of patients and examiners
throughout the trial.
In conclusion, disease-modifying or neuroprotective

treatments remain an urgent unmet treatment need for
MSA, and targeting α-synuclein with specific active
immunotherapy seems a promising strategy in this
regard. The results of this trial in terms of safety, tolera-
bility, and immune reaction of repeated administrations
of 2 active immunotherapies, PD01A and PD03A, war-
rant further investigation of specific active immunother-
apy in MSA patients.
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