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ABSTRACT: Background: Neuroinflammation contrib-
utes to Parkinson’s disease (PD) progression and motor
dysfunction. Allogeneic human mesenchymal stem cells
(allo-hMSCs) may reduce neuroinflammation and
improve motor symptoms.
Objectives: To evaluate the efficacy of repeated intrave-
nous doses of 10 � 106/kg allo-hMSCs in improving
motor symptoms in patients with PD (PwP).
Methods: In this phase 2, randomized, placebo-
controlled trial (November 2020–July 2023), mild-
to-moderate PwP received either three allo-hMSC infu-
sions, one placebo followed by two allo-hMSC infusions, or
three placebo infusions at 18-week intervals. Follow-up
lasted 88 weeks. The primary outcome was a >70% poste-
rior probability (PP) of a difference in the proportion of par-
ticipants with ≥5-point improvement in OFF-medication
Movement Disorder Society Sponsored Revision of the Uni-
fied Parkinson’s Disease Rating Scale-Part III (MDS-
UPDRS-III) at week 62. Bayesian analysis was conducted
using R v4.2.0.

Results: Forty-five PwP were enrolled. A larger propor-
tion of subjects achieved a ≥5-point improvement in
MDS-UPDRS-III in the three-infusion arm compared with
placebo at week 62 (mean difference [MD]: 5.0%,
PP = 93.7%), translating to a 16.9-point improvement in
MDS-UPDRS-III in the three-infusion arm compared with
a 14.6-point improvement in the placebo arm. Con-
versely, fewer subjects in the two-infusion arm compared
with placebo showed ≥5-point improvement at week
62 (MD: –62.4%, PP ≥ 99.9%), translating to only a
3.9-point improvement in MDS-UPDRS-III in the two-
infusion arm. However, improvement in MDS-UPDRS-III
was seen across all treatment arms. Adverse events were
mild and transient.
Conclusions: Three infusions of 10 � 106 allo-hMSCs/kg
improved motor function in mild-to-moderate PwP, while
two infusions showed less improvement than placebo.
To address this discrepancy, future studies should
conduct functional potency assays to unders-
tand batch-to-batch variability affecting clinical efficacy.
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Since the 1960s, when Carlsson, Hornykiewicz,
Cotzias, and Yahr identified nigral dopamine deficits in
Parkinson’s disease (PD) and introduced dopamine
replacement therapy, numerous pharmacological and
neuromodulation treatments have effectively alleviated
motor symptoms.1 In regenerative medicine, PD has
been a key target for cell-based therapies aimed at
symptom improvement and disease modification, with
various approaches explored clinically over the past
decades.2

Stem cell therapy for PD has historically followed
two approaches: cell transplantation and intravenous
(IV) infusion.2 Transplantation, the most studied
method, involves the use of stem cells with a goal of dif-
ferentiating these cells into dopaminergic neurons and
restoring neurotransmission.3 Ethical concerns re-
garding cell procurement, the invasive nature of
implantation, tumorigenicity, immunogenicity, and
complications such as treatment-resistant dyskinesias
have limited their use, especially in mild-to-moderate
PD. In contrast, IV infusions of mesenchymal stem cells
(MSCs) have emerged as a promising and safe thera-
peutic option for PD. These multipotent cells have
gained attention for their ability to modulate the
peripheral immune system and, as a result, neu-
roinflammation, a key factor in PD pathophysiology.4,5

MSCs offer several advantages, not just in terms of
treatment delivery method, but they are also minimally
immunogenic, have low tumorigenesis risk, are easy to
procure and scale, and have few ethical concerns.6

In PD animal models, MSCs have been shown to
reduce microglial activation and enhance dopamine
neuron survival through a multitarget mechanism.5

While some studies suggest MSCs may migrate to the
substantia nigra and suppress microglial activation via
direct interaction with dopaminergic cells,7 80%–90%
become trapped in the lungs due to their size
(15–30 μm) and the pulmonary vasculature’s narrow
capillaries, making direct engraftment rare and tran-
sient.8,9 However, intravenously delivered MSCs or
their derivatives (extracellular vesicles and exosomes)
are believed to modulate neuroinflammation by releas-
ing anti-inflammatory cytokines (eg, transforming
growth factor-β [TGF-β], interleukin-10 [IL-10], prosta-
glandin E2 [PGE2]) that alter peripheral immune
responses and reduce blood–brain barrier permeabil-
ity.6,7,10,11 They also produce neurotrophic factors (eg,
brain-derived neurotrophic factor [BDNF], glial cell
line-derived neurotrophic factor [GDNF], neurotrophin

nerve growth factor [NGF]) that support neuronal sur-
vival and synaptic plasticity.12 By targeting these mech-
anisms, MSC therapy may influence the underlying
pathophysiology of PD.
Based on this rationale, we conducted a dose-finding,

single-dose phase 1 trial using allogeneic bone marrow-
derived MSCs (allo-hMSCs) from a healthy donor.13

This approach leveraged the advantages of an alloge-
neic cell source, including large-scale production, no
need for patient-specific harvesting, and the delivery of
younger, more potent cells with reduced senescence.14

The trial demonstrated that a single IV dose ranging
from 1 to 10 � 106 allo-MSCs/kg was safe,
well-tolerated, and non-immunogenic in patients with
mild-to-moderate PD. Preliminary exploratory analyses
indicated that those receiving the highest dose showed
OFF-medication improvements on the Unified
Parkinson’s Disease Rating Scale (UPDRS) Motor sub-
scale at 3, 12, 24, and 52 weeks post-infusion, with
sustained symptomatic benefits over time.13

Building on these findings and recognizing the
chronic, progressive nature of PD, we hypothesized
that repeated doses of the highest safe allo-hMSC
dose (10 � 106 MSCs/kg) could enhance and sustain
its immunomodulatory effects, leading to clinical
symptom improvement, as seen in other diseases.15-18

To test this, we conducted a phase 2 double-blind,
randomized, placebo-controlled trial to evaluate the
efficacy of repeated allo-hMSC infusions in improv-
ing motor and non-motor symptoms in patients with
PD (PwP).

Methods
Trial Design

This investigator-initiated, randomized, double-blind,
placebo-controlled, phase 2 trial was conducted from
November 2020 to July 2023 at a single center in
Houston, Texas, USA. The study was approved by the
Institutional Review Board (IRB) of The University of
Texas Health Science Center at Houston and the Food
and Drug Administration (FDA) under the Investiga-
tional New Drug: 16756. Written informed consent
was obtained during the screening visit. An independent
Data and Safety Monitoring Board oversaw the trial.
The completed study is registered on ClinicalTrials.gov
(NCT04506073). The full protocol is available in Sup-
plement 1.
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Participants
The trial enrolled men and women aged 50–79 years

with a confirmed PD diagnosis based on the UK Brain
Bank Criteria, verified by a movement disorders neurol-
ogist. Participants had to be on a stable medical regi-
men for at least 60 days before the first infusion. Key
inclusion criteria included a modified Hoehn and Yahr
(H&Y) stage ≤3 in the OFF-medication state, PD dura-
tion of 2–10 years, and a robust (>33%) response to
dopaminergic therapy in the OFF-to-ON medication
state. A full list of inclusion/exclusion criteria is avail-
able in Supplement 1.

MSCs Manufacturing and Expansion
Bone marrow was aspirated from a healthy donor

under local anesthesia and screened for infectious dis-
eases using FDA-approved kits at the Gulf Coast
Regional Blood Center within 7 days of collection.
Human leukocyte antigen (HLA) testing was also per-
formed to later compare with donor-specific anti-
bodies (DSA) in recipients. The marrow was
transported to a cGMP facility at the Center for Cell
and Gene Therapy (CAGT) at Baylor College of Med-
icine for FDA-compliant quality control, ensuring ste-
rility, viability, and MSC identity according to
International Society for Cell & Gene Therapy
(ISCT) release criteria (CD90, CD73, CD105 posi-
tive; CD45, CD34, CD14, HLA-DR negative). MSC
manufacturing began within 4 hr, with cells cultured
in a Terumo Quantum Bioreactor.19 Expansion used
the fourth passage, with growth monitored through
glucose and lactate levels. Once growth criteria were
met, cells were harvested, suspended in Plasma Lyte
A with 5% Flexbumin and 10% DMSO, aliquoted
into treatment-ready doses, and cryopreserved using
a controlled-rate freezer. The placebo, visually identi-
cal to the investigational product, contained only 5%
buminate solution without allo-hMSCs. Infusion bags
and IV lines were covered with an opaque cloth to
maintain blinding.

Randomization
Eligible patients were randomized 1:1:1 using

computer-generated stratified block randomization
based on MDS-UPDRS-III scores (<30 = mild and
30 = moderate20) to one of three possible treatment
groups: (1) three infusions of 10 � 106 allo-hMSCs/kg,
(2) one placebo infusion followed by two 10 � 106

allo-hMSC infusions, or (3) three placebo infusions.
Infusions were administered every 18 weeks over a total
treatment period of 36 weeks. Details of the masking
procedures can be found in the trial protocol in Supple-
ment 1.

Clinical Assessments
At the baseline visit, participants underwent a com-

prehensive clinical evaluation, including MDS-UPDRS
Parts I–IV in the OFF-medicine state, defined as no
levodopa, monoamine oxidase inhibitors, catechol-
o-methyltransferase inhibitors, or amantadine for at
least 12 hr, and no dopamine agonists for at least 24 hr
prior to evaluation. Lumbar puncture was performed,
and cerebrospinal fluid was analyzed using α-synuclein
seed amplification assays (αSyn-SAA) via the protein
misfolding cyclic amplification (PMCA) method to ver-
ify an aggregation pattern consistent with PD.21

On infusion days (weeks 1, 18, and 36), allo-hMSCs
or placebo were thawed following pre-infusion sterility
confirmation. Cells were aliquoted into a 250 mL trans-
fer pack containing 5% buminate at an infusion con-
centration of 1.5 � 107 cells/mL and transported in
certified coolers (4�C–10�C) from the CAGT laboratory
to the Texas Medical Center-Memorial Hermann Hos-
pital Clinical Research Unit. The study drug was
administered via antecubital vein access at 2 mL/min
within 4 hr of thawing, followed by a 4-h monitoring
period for adverse or hypersensitivity reactions.
Clinical efficacy and safety, including DSAs, were

measured 9 weeks after each infusion and at weeks
62 and 88. If DSAs were detected between infusions,
treatment was paused until antibody clearance was
confirmed.

Outcomes
The primary outcome was a >70% probability of

detecting a difference in the proportion of subjects with
a ≥5-point improvement in MDS-UPDRS-III between
any active treatment and placebo at 62 weeks
(26 weeks after the last infusion). Complementary ana-
lyses applied a higher cut-off (≥11-point improvement
in MDS-UPDRS-III) to assess a larger clinically impor-
tant difference (CID) and extended follow-up to
88 weeks (52 weeks post-infusion) to evaluate the sus-
tainability of effects. Both thresholds were based on the
intermediate (5.2-point) and large (10.8-point) CID
defined by Shulman et al.22 Secondary exploratory out-
comes included change from baseline to weeks 62 and
88 in MDS-UPDRS parts I–IV, Parkinson’s Disease
Questionnaire (PDQ)-39, and EuroQol 5-Dimension
5-Level (EQ-5D-5L). Additionally, the proportion of
subjects achieving a ≥12-point improvement in the
MDS-UPDRS Total score was assessed.

Statistical Analyses
Following our phase 1 trial demonstrating the safety

of allo-hMSC therapy, we conducted a simulation to
estimate the required sample size to detect an intermedi-
ate CID (5.2-point decrease from baseline22) after allo-
hMSC treatment. Assuming 45 participants randomized
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1:1:1 across three treatment groups and a medium
effect size (�5.2-point difference in MDS-UPDRS-III),
we performed 1000 Monte Carlo simulations using the
normal approximation to the posterior distribution.
The results indicated a 72% probability of detecting a
treatment effect under the proposed study design.
Bayesian methods estimated the probability of the

alternative hypothesis based on observed data, captur-
ing the posterior distribution and assessing the poste-
rior probability (PP) of the true parameter within a
defined range. A PP of 50%–70% indicated weak cer-
tainty, 70%–90% moderate, 90%–95% strong, and
>95% very strong certainty. Exploratory outcomes,
including mean changes from baseline in MDS-UPDRS
parts I–IV and total score, were analyzed using general-
ized linear modeling.
Priors for regression coefficients followed a � Nor-

mal (μ = 0, σ2 = 1 � 104) distribution, and level 1 error
variances were � Student-t-test (μ = 0, df = 3,
σ2 = 1 � 102). Level 2 variances followed Gelman’s
recommendations.23 Priors for proportion comparisons
were � Beta (α = 1.0, β = 1.0). Analyses applied
intention-to-treat principles, addressing missingness
through joint modeling of observed and missing data, a
robust approach to ignorable missingness (missing
completely at random [MCAR] and missing at random
[MAR]).24 Sensitivity analyses tested the robustness
against missing data. Data were analyzed using R ver-
sion 4.2.0. The full Statistical Analysis Plan is in Sup-
plement 2.

Results
Trial Population

A total of 160 PwP were pre-screened, 49 underwent
screening, and 45 were enrolled. Of these, 16 received
three allo-hMSC infusions, 14 received one placebo
infusion followed by two allo-hMSC infusions, and 15
received three placebo infusions. Baseline demographics
and clinical characteristics are in Table 1. By week
62, 42 patients had completed all infusions and assess-
ments; two withdrew, and one was excluded after a
multiple system atrophy diagnosis (confirmed by αSyn-
SAA, see Supplement 3).25 Two additional patients dis-
continued due to unrelated health issues, leaving
40 patients who completed the 88-week follow-
up (Fig. 1).

Primary Outcome
Clinically Important Difference in MDS-UPDRS-III
at Week 62

A greater proportion of subjects in the three-infusion
group achieved a ≥5-point improvement in MDS-
UPDRS-III compared with placebo at week 62 (mean
difference [MD]: 5.0%, 95% credible Bayesian interval

[95% CrI]: �2.3% to 24.8%, PP = 93.7%; Figure 2A).
Using a more stringent threshold (≥11 points), more
subjects in the three-infusion group improved compared
with placebo (MD: 13.3%, 95% CrI: �6.1% to
37.8%, PP = 91.5%; Fig. 2B). Conversely, fewer sub-
jects in the two-infusion group met the ≥5-point (MD:
�62.4%, 95% CrI: �85.5% to �32.1%, PP ≥99.9%;
Fig. 2A) and ≥11-point (MD: –63.8%, 95% CrI:
�86.0% to �32.5%, PP ≥99.9%; Fig. 2B) thresholds
compared with placebo. Sensitivity analyses are detailed
in Supplement 4.

Secondary Outcomes
Results for other secondary clinical outcomes, includ-

ing changes from baseline in MDS-UPDRS Parts I, II,
III, IV, Total, PDQ-39, and EQ-5D-5L index scores,
are summarized in Table 2.

Change from Baseline in MDS-UPDRS-III
At week 62, the OFF-medication MDS-UPDRS-III

score in the three-infusion group improved by �16.9
points (95% CrI: �19.5% to �14.2%), the two-
infusion group by �3.9 points (95% CrI: �6.9% to
�1.1%), and the placebo group by �14.6 points (95%
CrI: �17.5% to �11.6%) from baseline (Table 2).
Change in mean MDS-UPDRS-III scores per visit are
summarized in Figure 3. The difference between the
three-infusion and placebo groups at week 62 was
�2.3 points (95% CrI: �6.1% to 1.6%, PP = 87.8%;
Table 2), while the difference between the two-infusion
and placebo groups was +20.6 points (95% CrI:
�37.6% to 24.5%, PP ≥99.9%; Table 2).
By week 88, the difference between the three-infusion

and placebo groups had widened to �3.3 points (95%
CrI: �7.3% to 0.7%, PP = 94.7%), and the two-
infusion group remained worse than placebo by +9.0
points (95% CrI: 4.8% to 13.0%, PP ≥99.9%;
Table 2).

Clinically Important Difference in MDS-UPDRS-
III at Week 88

A higher percentage of subjects in the three-infusion
group achieved at least a 5-point improvement (MD:
11.5%, 95% CrI: 0.8% to 34.5%, PP = 98.4%;
Fig. 2A) and an 11-point improvement (MD: 42.4%,
95% CrI: 15.6% to 69.1%, PP ≥99.9%; Fig. 2B) in
MDS-UPDRS-III at week 88 compared with placebo.
Conversely, fewer subjects in the two-infusion group
showed a 5-point improvement (MD: �54.6%, 95%
CrI: �80.5% to �23.1%, PP ≥99.9%; Fig. 2A) or an
11-point improvement (MD: -43.1%, 95% CrI:
�69.8% to �13.6%, PP = 99.7%; Fig. 2B) compared
with placebo.
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Clinically Important Difference in
MDS-UPDRS Total

More participants in the three-infusion group
achieved at least a 12-point improvement at week
62 (MD: 22.0%, 95% CrI: �21.0% to 49.4%,
PP = 96.3%) and week 88 (MD: 48.4, 95% CrI:
23.9% to 74.0%, PP ≥99.9%). Fewer participants in
the two-infusion group showed improvement relative to
placebo at week 62 (MD: �43.0, 95% CrI: �71.2% to

�8.3%, PP = 99.1%) and at week 88 (MD: �20.8,
95% CrI: �53. 1% to 14.1%, PP = 87.8%; Supple-
ment 5).

Safety
A total of 10 mild and transient treatment-emergent

adverse events were reported, with no severe events
(Supplement 6). In the three-infusion arm, one patient
experienced general malaise, another had transient

TABLE 1 Baseline characteristics of the study participants

Characteristic
Three

allo-hMSC (N = 16)

One placebo
followed by two

allo-hMSC (N = 14)
Three placebo

(N = 15) P-value

Age (years) 64.3 � 8.6 66.9 � 6.4 68.6 � 6.2 0.38

Female, n (%) 12 (75.0) 11 (78.6) 12 (80.0) 0.94

Hispanic, n (%) 6 (37.5) 2 (14.3) 2 (13.3) 0.26

Race, n (%) 0.64

Asian 0 (0.0) 0 (0.0) 1 (6.7)

White 16 (100.0) 14 (100.0) 14 (93.3)

Clinical subtype, n (%) 0.51

Tremor dominant 8 (50.0) 8 (57.1) 5 (33.3)

Akinetic-rigid 8 (50.0) 5 (35.7) 9 (60.0)

Mixed 0 (0.0) 1 (7.1) 1 (6.7)

Disease duration, years 3.1 � 1.9 2.5 � 2.1 3.5 � 2.0 0.26

LEDD (mg) 711.0 � 338.7 603.4 � 241.5 847.6 � 407.5 0.26

H&Y scorea 0.42

1.5 1 (6.3) 3 (21.4) 3 (20.0)

2 9 (56.3) 7 (50.0) 4 (26.7)

2.5 6 (37.5) 4 (28.6) 7 (46.7)

3 0 (0.0) 0 (0.0) 1 (6.7)

MDS-UPDRSb 66.1 � 13.3 62.9 � 22.1 65.9 � 23.2 0.79

Part 1 11.7 � 4.4 8.9 � 6.1 12.2 � 5.9 0.32

Part 2 11.3 � 5.5 11.6 � 7.3 13.4 � 7.9 0.76

Part 3 37.1 � 9.9 36.6 � 9.0 35.3 � 11.1 0.56

Part 4 6.0 � 3.0 5.9 � 3.4 5.0 � 4.4 0.51

MoCAc 28.1 � 1.2 27.5 � 1.3 27.3 � 1.7 0.38

PDQ-39d 24.8 � 13.5 14.1 � 8.8 19.4 � 14.7 0.08

EQ-5D-5Le 0.8 � 0.1 0.8 � 0.1 0.8 � 0.1 0.79

Note: Plus-minus values are means � standard deviation (SD). All scores and rating scales, except for the MoCA, were administered in the OFF-medication state.
aH&Y scores range from 0 to 5, with higher scores indicating more disability.
bTotal scores on the MDS-UPDRS Parts I–IV range from 0 to 260, with higher scores indicating more severe impairment.
cMoCA scores range from 3 to 30, with higher scores indicating better cognition.
dPDQ-39 scores range from 0 to 100, with higher scores indicating worse health status.
eEQ-5D-5L index scores range from 0 to 1, with higher scores indicating full health.
Abbreviations: allo-hMSCs, human allogeneic bone marrow-derived mesenchymal stem cells; LEDD, levodopa equivalent daily dose; H&Y, Hoehn & Yahr; MDS-UPDRS,
Movement Disorder Society Sponsored Revision of the Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment; PDQ-39, Parkinson’s Disease Ques-
tionnaire; EQ-5D-5L, EuroQol 5-Dimension 5-Level index score.
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hypertension not requiring medication, and one
reported vomiting. The two-infusion arm reported only
constitutional symptoms (fatigue, flu-like symptoms,
and headache) that resolved. Initially, three patients
exhibited a panel reactive antibody response, which
was presumed to be DSA. However, HLA typing con-
firmed that two of these cases were unrelated to the
donor. The remaining case with matching HLA typing
belonged to a patient in the placebo arm and was
deemed unrelated after unblinding.

Discussion

In this phase 2 randomized trial involving mild-
to-moderate PwP, subjects received three infusions,
administered every 18 weeks of either (1) 10 � 106

allo-hMSCs/kg in all three infusions, (2) one placebo
infusion followed by two infusions of 10 � 106 allo-
hMSCs/kg, or (3) three placebo infusions. The treat-
ment period lasted 36 weeks, followed by assessments
at week 62 (26 weeks after the last dose) and week
88 (52 weeks after the last dose).
Current FDA guidelines recommend that when using

patient-reported outcomes, a prespecified endpoint be
defined to support the use of a drug for a given disease.26

They have also emphasized the importance of innovative
clinical trial design and specifically cite Bayesian statistical
approaches as a way to analyze small sample sizes more
efficiently. To align with these recommendations, clinical
efficacy was assessed using the concept of CID. The
predefined threshold for relevance was a 5-point improve-
ment in MDS-UPDRS-III in the OFF-medication state,
corresponding to an intermediate CID.22

The primary outcome was met, with 5% more patients
in the three-infusion group achieving a ≥5-point improve-
ment in OFF-medication MDS-UPDRS-III at week
62 compared with placebo (PP = 93.7%). By week
88, this difference increased to 11.5% (PP = 98.4%).
Using a more stringent threshold of ≥11-point improve-
ment, the three-infusion group outperformed placebo by
13.3% at week 62 (PP = 91.5%) and by 42.4% at
week 88 (PP ≥99.9%).
Further evaluation of the MDS-UPDRS-III data

showed that these group-level differences translated
into a 16.9-point improvement in the OFF-medication
MDS-UPDRS-III in the three-infusion group and a
14.6-point improvement in the placebo group from
baseline to week 62, resulting in a 2.3-point difference
(95% CrI: �6.1% to 1.6%), with an 87.8% posterior
probability that a true difference exists between these
two arms under the Bayesian perspective, as

160 patients were pre-screened 

49 patients were screened for eligibility 

45 underwent randomization 

14 were assigned to and received one placebo 
infusion followed by 2 infusions of 10x106

MSC/Kg every 4 months 

13 completed follow up at 62 weeks 

16 were assigned to and received 3 
infusions of 10x106 MSC/Kg every 4 

months  

15 were assigned to and received 3 
infusions of placebo every 4 months 

16 completed follow up at 62 weeks 

16 completed follow up at 88 weeks 13 completed follow up at 88 weeks 

13 completed follow up at 62 weeks 

11 completed follow up at 88 weeks 

111 were excluded for not meeting the initial 
assessment of inclusion/exclusion criteria 

1 had an ischemic stroke 
1 had chronic kidney disease stage III 

1 had severe cognitive impairment (MoCA 17)  
1 refused to vaccinate against SARS-CoV-2 

1 withdrawal 1 withdrawal
1 determined to have MSA 

2 terminations due to unrelated health complications 

FIG. 1. Screening, Randomization, and Follow-Up. MoCA: Montreal Cognitive Assessment. SARS-CoV-2: Severe Acute Respiratory Syndrome-
Coronavirus 2. allo-hMSC: Human Allogeneic Bone Marrow-Derived Mesenchymal Stem Cells. MSA: Multiple System Atrophy.
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summarized in Figure 3. Unlike frequentist confidence
intervals, which do not provide any information regard-
ing the relative probability that various values in the
interval are more or less likely, Bayesian credible inter-
vals do provide this information. Thus, despite the
“overlapping” credible intervals, the analysis supports

an 87.8% probability that the three-infusion and pla-
cebo arms differ by 2.3 points.
Additionally, the timing of motor improvement in the

three-infusion group was noteworthy: a 12.9-point
reduction in MDS-UPDRS-III was observed by week 9,
just 9 weeks after the first infusion. In contrast, the
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(A)

(B)

Week 62 Week 88

Week 62 Week 88

Individual Estimates of Each Arm
Mean (95% CrI)

Three allo-hMSC 
infusions

Two allo-hMSC 
infusions

Placebo

≥99.9 (93.6 to ≥99.9) 30.0 (10.0 to 57.1) 94.4 (74.7 to 99.7)

Comparison Between Arms
MD (95% CrI) [PP]

Three infusions vs. Placebo 5.0 (-2.3 to 24.8) [93.7%]

Two infusions vs. Placebo -62.4 (-85.5 to -32.1) [≥99.9%]

Individual Estimates of Each Arm
mean (95% CI)

Three allo-hMSC 
infusions

Two allo-hMSC 
infusions

Placebo

Comparison Between Arms
MD (95% CrI) [PP]

Two infusions vs. Placebo -54.6 (-89.0 t o 41.2) [≥99.9%]

Three infusions vs. Placebo 11.5 (0.8 t o 34.5) [93.7%]

≥99.9 (93.9 to ≥99.9) 31.4 (10.5 to 57.9) 87.8 (65.1 to 98.1)

Comparison Between Arms
MD (95% CrI) [PP]

Three infusions vs. Placebo 13.3 (-6.1 to 37.8) [91.5%]

Two infusions vs. Placebo -63.8 (-86.0 to -32.5) [≥99.9%]

Individual Estimates of Each Arm
mean (95% CI)

Three allo-hMSC 
infusions

Two allo-hMSC 
infusions

Placebo

95.6 (79.8 to 99.8) 15.7 (2.6 to 41.1) 81.3 (57.4 to 95.2)

Comparison Between Arms
MD (95% CrI) [PP]

Three infusions vs. Placebo 42.4 (15.6 to 69.1) [99.7%]

Two infusions vs. Placebo -43.1 (62.1 to 97.8) [≥99.9%]

Individual Estimates of Each Arm
mean (95% CI)

Three allo-hMSC 
infusions

Two allo-hMSC 
infusions

Placebo

95.4 (78.5 to 99.8) 6.5 (0.3 to 28.1) 51.5 (26.2 to 75.6)

FIG. 2. Proportion of patients with Parkinson’s disease achieving moderate and large clinically important improvement in Movement Disorder Society
Sponsored Revision of the Unified Parkinson’s Disease Rating Scale-Part III (MDS-UPDRS-III) scores after treatment with human allogeneic bone
marrow–derived mesenchymal stem cells (allo-hMSCs). (A) Percentage achieving moderate clinically important difference (CID) (≥5-point decrease from
baseline to week 62). (B) Percentage achieving large CID (≥11-point decrease from baseline to week 88). Posterior probability (PP) thresholds: 50%–

70% = weak certainty, 70%–90% = moderate certainty, 90%–95% = strong certainty, >95% = very strong certainty. Density plots illustrate estimate
precision (narrow base = higher precision; wide base = greater uncertainty). CrI, credible interval; MD, mean difference.
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two-infusion group showed only a modest 3.7-point
reduction at week 40, 4 weeks after their second infu-
sion, which was less improvement than that observed in
the placebo group during the same period (Fig. 3). These
findings support the idea that allo-hMSCs might exert
their therapeutic effects relatively soon after administra-
tion, likely due to enhanced activation in a more reactive
immune microenvironment. Earlier delivery may therefore
trigger stronger MSC-mediated modulation and clinical
benefit, while later infusions, which may occur in a less
inflamed or more altered immune state, may lead to
reduced efficacy. This timing is consistent with prior cell
therapy studies that have reported clinical improvements
within weeks of administration.12,27,28 Further research is
needed to clarify how systemic inflammatory markers
evolve over time after allo-hMSC infusions and whether
the therapeutic response varies depending on the number
of doses administered.
Conversely, and unexpectedly, the group receiving a

placebo followed by two allo-hMSC infusions showed
less improvement than the group that received placebo
throughout the study. The two-infusion arm showed
only a 3.9-point improvement in MDS-UPDRS-III over
62 weeks, compared with the 14.6-point improvement
in the placebo arm, translating to 64.4% fewer patients
reaching the 5-point improvement threshold (30.0%
vs. 94.4%). Although this finding may seem counterin-
tuitive, it is important to note that studies on PD pro-
gression suggest an average annual motor decline
(increase) of approximately 2.4 points in MDS-
UPDRS-III scores.29 Yet in this trial, all treatment
groups showed improvement in their motor scores over

the 88 weeks of participation; an outcome that may, in
part, reflect a placebo effect.
In PD trials, the placebo effect is well-documented

and linked to expectation-induced dopamine release in
the striatum, accounting for up to 55% of clinical
responses.30 In fact, an analysis of 17 PD interventional
studies showed that placebo responses can persist for up
to a year.31 This residual placebo effect may have
influenced the results since our primary outcome was
assessed at week 62, which was 26 weeks or approxi-
mately 6 months after the last infusion. By week 88, and
with a more stringent threshold (≥11-point improvement
in OFF-medication MDS-UPDRS-III), the differences
between the three-infusion and placebo groups widened,
supportive of a waning placebo response.
We recognize, however, that one would expect a pla-

cebo effect to be similar across arms, which was not the
case in this study. The placebo arm had a robust
improvement, while the two-infusion arm had relatively
modest improvement, suggesting that the placebo effect
does not fully explain why the placebo arm did rela-
tively better than the two-infusion arm.
Another possible explanation for the difference in the

magnitude of improvement between treatment arms is
that despite no statistically significant differences
between groups (Table 1), there exists some unmea-
sured difference between participants in each arm. Even
with rigorous randomization and standardized proce-
dures, clinical trials cannot possibly measure every vari-
able that is important to the disease process, especially
in a phenotypically heterogenous disease like PD. While
our measurements try to capture the most important
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(B)  Individual Estimates per Arm: 

(C)  Pairwise Comparison of Treatment Arms: 

First infusion
(Week 0)

Second infusion
(Week 18)

Third infusion
(Week 36)

Week Three allo-hMSC vs. Placebo Two allo-hMSC vs. Placebo
Week 9 -10.92 (-14.491 to -7.321) [100%] 0.40 (-3.268 to 4.09) [58.6%]

Week 27 -5.53 (-9.553 to -1.458) [99.6%] 6.46 (2.276 to 10.529) [99.8%]
Week 40 -3.55 (-7.439 to 0.394) [96.2%] 8.01 (3.835 to 12.112) [100%]
Week 62 -2.31 (-6.178 to 1.617) [87.8%] 10.65 (6.564 to 14.643) [100%]
Week 88 -3.33 (-7.377 to 0.788) [94.7%] 9.01 (4.807 to 13.032) [100%]
Estimates are presented as mean differences (95% Bayesian credible intervals) [posterior probability]

Week 9 -12.957 (-15.465 to -10.375) -1.634 (-4.338 to 1.073) -2.030 (-4.769 to 0.667)
Week 27 -14.355 (-17.173 to -11.476) -2.354 (-5.414 to 0.675) -8.816 (-11.823 to -5.740)
Week 40 -15.356 (-18.099 to -12.520) -3.773 (-6.864 to -0.812) -11.815 (-14.814 to -8.781)
Week 62 -16.955 (-19.552 to -14.229) -3.960 (-6.901 to -1.129) -14.647 (-17.598 to -11.627)
Week 88 -15.985 (-18.631 to -13.285) -3.633 (-6.629 to -0.783) -12.654 (-15.750 to -9.501)
Estimates are presented as mean differences (95% Bayesian credible intervals)

Three allo-hMSC One placebo followed 
by two allo-hMSC PlaceboWeek

(A)

FIG. 3. Trajectories of Movement Disorder Society Sponsored Revision of the Unified Parkinson’s Disease Rating Scale-Part III (MDS-UPDRS-III)
improvement by treatment group. (A) Posterior mean trajectories with 95% credible intervals (CrI) for the two-infusion, three-infusion, and placebo
groups. (B) Estimates are presented as mean differences (95% Bayesian credible intervals). (C) Pairwise comparisons at each time point, presented as
mean differences (MD), 95% CrI, and posterior probabilities (PP) of a true difference between groups. PP thresholds: 50%–70% = weak certainty,
70%–90% = moderate certainty, 90%–95% = strong certainty, >95% = very strong certainty.
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variables, there are many lifestyle factors, like diet,
physical activity, and frequency of bowel movements,
that were not fully captured in this study. These factors
are known to have a role in both reducing systemic
inflammation and in PD progression.32 We can, per-
haps, see this potential difference reflected in the trend
towards slightly higher (worse) PDQ-39 scores in the
three-infusion group compared with the two-infusion
group. This finding could suggest that participants in
the three-infusion group were “worse” in some
unmeasured way, with more potential to benefit from
MSC therapy.
A third possibility for the difference in magnitude of

improvement is variability in the functional potency
of each batch of MSCs, leading to differences in the cell
bags administered to patients. Although using a single
donor reduces variability, batch-to-batch differences
may still occur due to expansion conditions, passage
number, and cryopreservation during manufactur-
ing.33,34 These variations can affect the therapeutic
function of MSCs and, theoretically, their clinical
effects. Current quality control standards require MSC
batches to meet minimal characterization criteria,
including surface marker profiling (eg, CD73, CD90,
CD105) to confirm identity.35 However, these tests do
not necessarily correlate with functional potency or the
ability of MSCs to induce meaningful biological
effects.34 As a result, some batches may contain a
higher proportion of immunomodulatory and neuro-
protective subpopulations, while others may have less
effective cell subtypes,36 potentially contributing to the
heterogeneous clinical outcomes observed. Further stud-
ies on functional potency assays are needed to better
characterize and assess the biological activity of MSCs
in PwP, ensuring product consistency and effectiveness.
Integrating these potency assessments with clinical end-
point data from this trial will offer valuable insights for
optimizing MSC therapy in future studies.
Beyond motor scores, quality-of-life outcomes offer

additional insight into the overall therapeutic impact of
the intervention. In this trial, both PDQ-39 and EQ-
5D-5L index scores favored the allo-hMSC treatment
groups over placebo. This suggests that patients experi-
enced meaningful improvements in daily functioning
and well-being, even in the absence of substantial
motor gains, as seen in the two-infusion groups. Nota-
bly, these improvements were sustained through week
88 in both active arms, with the gap between treatment
and placebo widening over time. This discrepancy
between the quality-of-life measures and motor out-
comes highlights the importance of incorporating multi-
dimensional endpoints into PD trials, as subjective
improvements may not always align with clinician-rated
motor outcomes.37 Moreover, while MDS-UPDRS-III is
considered an objective assessment, it has known limita-
tions. Motor performance can fluctuate due to fatigue,

comorbidities, or day-to-day variability,38 and may not
fully reflect overall function. These limitations highlight
the importance of complementing motor scales with
patient-reported outcomes and biomarker-based
measures.
Although we did not include biomarker assessments

in this report, future trials should incorporate objective
measures to better characterize biological responses and
interpret between-group differences. Fluid biomarkers of
inflammation (eg, interleukin [IL]-6, tumor necrosis
factor-α, IL-10) can reflect the immunomodulatory
effects of MSC therapy, which are believed to contribute
to its clinical benefits.6 Markers of neurodegeneration,
such as serum neurofilament light chain (NfL), offer
insight into the rate of neuronal injury and may help
track disease stabilization.39 Biomarkers of αSyn aggre-
gation, including oligomeric or phosphorylated αSyn in
cerebrospinal fluid (CSF) or plasma40 and αSyn-SAA
in CSF,41 may reflect changes in pathogenic species
or the seeding activity of misfolded αSyn, providing a
potential readout of disease-specific biology in
response to treatment. Imaging biomarkers such as
[18F]-dihydroxyphenylalanine positron emission
tomography to assess dopaminergic function,
neuromelanin-sensitive magnetic resonance imaging
(MRI) to evaluate nigral neuron integrity, and free-
water diffusion MRI as a proxy for microglial activa-
tion could further help distinguish true treatment effects
from placebo responses or baseline variability.42

Although no single biomarker reliably correlates with
motor outcomes in PD,43 their inclusion remains impor-
tant for capturing treatment-related biological activity.
The unexpected underperformance of the two-infusion
group, despite receiving active therapy, underscores the
potential value of these measures in clarifying treatment
variability. Incorporating some of these selective bio-
markers into future studies will be essential for inter-
preting clinical outcomes, guiding dosing strategies, and
refining patient selection.
This trial has several limitations. First, sample and

effect size estimations were calculated based on UPDRS
rather than MDS-UPDRS. This decision was based on
our phase 1 study, which demonstrated allo-hMSC
safety using UPDRS,13 because UPDRS was the preva-
lent scale at the time, leading us to use this measure for
our estimates. By the onset of the current phase 2 trial,
along with the broader PD research community, we
transitioned to utilizing MDS-UPDRS. Second, the
small sample size limited statistical power; however,
Bayesian analysis provides posterior probability
insights, enabling more informed decision-making.44

Regulatory agencies, including the FDA, endorse Bayes-
ian methods in early trials for their flexibility and stron-
ger inference in small samples.45 Third, generalizability
is impacted in two ways: (1) the dropout rate, although
low (3/45 patients, 5%), could affect the external
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validity of the findings, despite using sensitivity analyses
to address this; and (2) as a single-site trial with only
one MDS-UPDRS rater, generalizability could be fur-
ther limited. Although MDS-UPDRS is reliable, its low
within-subject consistency can affect longitudinal
assessments.46 Future trials should incorporate multiple
sites and raters to improve generalizability. Lastly, the
lack of a validated potency assay for this allo-hMSC
product limits the correlation between clinical outcomes
and cell characteristics. As part of the standard stem
cell manufacturing and regulatory process, we will eval-
uate potency in available batches to define a functional
profile, ensuring consistent and effective cell production
for future larger trials.

Conclusions

To our knowledge, this is the first randomized,
placebo-controlled trial using three repeated intrave-
nous doses of 10 � 106 allo-hMSCs/kg. The study met
its primary endpoint of efficacy: there is a >70%
chance that treatment with three doses of 10 � 106

allo-hMSCs/kg improved motor scores in mild-to-mod-
erate PD compared with placebo. There was a pro-
found improvement in the placebo group and a less
robust improvement in the two-infusion group, which
warrants further investigation and clinical trials. The
treatment was well-tolerated, with all reported adverse
events being mild and transient. There were no severe
treatment-related adverse events or reports of immuno-
genicity or tumorigenicity. These findings support the
safety and potential for efficacy of a non-invasive, scal-
able, and ethically favorable stem cell therapy for
PD. Additional functional potency assays are required
to ensure consistency and reliability of allo-hMSC
batches. Further large-scale, multicenter studies are
needed to demonstrate the full therapeutic potential of
allo-hMSCs for reducing motor and non-motor symp-
toms in PD.
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