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ABBREVIATIONS

α-Syn                      Alpha- synuclein 
ADL Schwab and England activities of daily living scale
AE Adverse event
ALS                          Amyotrophic lateral sclerosis
ALT Alanine aminotransferase
AS                            Ankylosing spondylitis
AST Aspartate transaminase
BBB Blood brain barrier
BDNF                       Brain-derived neurotrophic factor
BM                           Bone marrow
BMI Body mass index
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BP Blood pressure
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CD                          Cluster of differentiation
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CNS Central nervous system
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CRU Clinical Research Unit
CSF
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Cerebrospinal fluid
Columbia Suicide Severity Rating Scale 

CT Computed tomography
CTCAE Common terminology criteria for adverse events
DA                            Dopaminergic
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FDA Food and Drug Administration
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GCP Good clinical practice
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GVHD Graft-versus-host disease 
Hgb Hemoglobin
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1. Study synopsis

FULL STUDY 
TITLE

Allogeneic Bone marrow-derived Mesenchymal Stem Cells as a disease-
modifying therapy for idiopathic Parkinson’s disease: Phase IIa double-blind 
randomized controlled trial.

CLINICAL PHASE Phase IIa

INVESTIGATORS/ 
STUDY GROUP

Principal Investigator: Mya Schiess, MD
Co-Investigators:  Jessika Suescun, MD; Timothy Ellmore, PhD 
Collaborator: Marie-Francoise Doursout, PhD

Claudio Soto, PhD, Shivika Chandra, MD
Mohammad Shahnawaz, PhD
Juan Diego Martinez Lemus, MD 

Coordinators:  Rula Abuamouneh, MA
Statistician: Charles Green, PhD
Consultant: Sean Savitz, MD; Jerome G. Saltarrelli, PhD
Other non-key personnel: Christopher Adams, MD; Kelly Block, MD

STUDY OBJECTIVE
To select the safest and most effective number of repeat doses of allogeneic 
bone marrow-derived mesenchymal stem cell (MSC) infusions to slow the 
progression of Parkinson’s disease (PD).

STUDY 
RATIONALE

Neuroinflammation plays a key role in the pathogenesis of PD; thus supporting 
the rationale for using an immunomodulatory therapy such as MSCs for 
restoring homeostasis to the neuronal-glial microenvironment. Preliminary 
findings from our Phase I trial showed that a single intravenous infusion of 
MSCs was safe and well-tolerated. 

STUDY SITES One site: The University of Texas Health Science Center at Houston (UTHealth)

STUDY PERIOD 4 years

STUDY 
POPULATION 

The target population includes 45, men and women, between 50 and 79 years 
of age who meet UK Brain Bank clinical diagnostic criteria for PD. Subjects will 
be randomized 1:1:1 to 1 of the three treatment arms. 

STUDY DESIGN

Phase IIa double-blind, randomized controlled trial of allogeneic bone marrow-
derived MSCs as a disease-modifying therapy for PD. The study design includes 
3 treatment arms: a) 2 infusions of 10 X 10 6 MSC/kg and 1 placebo every 4 
months; b) 3 infusions of 10 X 106 MSC/kg every 4 months; c) 3 infusions of 
placebo every 4 months.  All subjects receive 3 infusions, at 4 month intervals, 
and followed for 88 weeks.
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MAIN 
INCLUSION/ 
EXCLUSION 
CRITERIA

Inclusion Criteria
Men and women between the ages of 50 and 79; DOD 4 to 10 years; UK Brain 
Bank PD diagnosis, mild microsmia or anosmia, and robust response to 
dopaminergic therapy.

Exclusion criteria 
Atypical, vascular, or drug-induced Parkinsonism. A MoCA score of less than 
25.

DOSAGE: Intravenous infusion of either placebo or 10 ×106 MSC /kg of body weight.

DOSAGE: 
JUSTIFICATION

Available literature reported safety data and efficacy on dosages ranging from 
1–150 × 106 MSC/kg for other pathologies. Preliminary findings from our Phase 
I trial showed 10 X 106 MSC/kg has the largest effect on reducing motor 
symptoms and improving quality of life.

DURATION OF 
TREATMENT

Each patient will receive 3 infusions of either placebo or MSC at a rate of 2 
ml/min, followed by a 4-hour monitoring period.

PRIMARY 
OUTCOME 
MEASURE(S)

To select the safest and most effective number of repeat doses of allogeneic 
bone marrow-derived MSC with the aim to slow the progression of PD as 
determined by the change in the motor section of the MDS-UPDRS score (≥ -5) 
in each active treatment arm versus placebo between baseline and 62 weeks 
follow-up.

SECONDARY 
OUTCOME 
MEASURE(S)

Aim 2. Assess safety, tolerability, and secondary measurements of clinical 
efficacy including; cognition, behavioral changes, motor function, disability, 
and QOL.

Aim 3. Explore putative mechanisms of action for the effect of MSCs.

SAMPLE SIZE 
CONSIDERATIONS

Current estimates assume N = 45 participants randomized in 1:1:1 fashion to 
three conditions and medium effect size (MDS-UPDRS III difference = 5.2). 
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2. Background:

2.1 Parkinson’s disease (PD): 

Neurological disorders are the leading cause of disability worldwide, and Parkinson’s disease (PD) 
is the fastest-growing. It is predicted that by 2040 PD will become a pandemic affecting 17.5 
million people worldwide1, due in large part to the aging of our population, increased longevity, 
decreased smoking, and industrialization. Despite the enormous progress made in understanding 
the pathophysiology and the clinical expression of this chronic slowly progressive disease, there 
is no biological marker for diagnosis. Idiopathic PD remains a diagnosis made clinically and most 
often in movement disorders centers by using the UK Brain Bank criteria for PD. 
Neuropathologically, PD is defined by dopaminergic loss in the substantia nigra pars compacta 
(SNc) and the presence of misfolded α-synuclein aggregates called Lewy bodies and Lewy 
neurites. Braak et al2 described how the neuropathology progresses in a repeatable pattern and 
distribution with worsening severity over six stages of the disease; non-motor and motor symptoms 
localize neuroanatomically to the structures affected by the disease process. The premotor or non-
motor symptoms include olfactory loss, constipation, anxiety, depression, autonomic dysfunction, 
and sleep disorders such as REM sleep behavior disorder (RBD). These non-motor features may 
present for up to a decade; importantly, by the time patients manifest motor symptoms, roughly 
70% of the nigral dopaminergic neurons have been lost. There are a multitude of pharmacological 
formulations and some surgical therapies effective in alleviating motor symptoms. Although both 
medical and surgical therapies can ‘normalize” movements especially early in the disease process, 
there is no spontaneous remission of motor symptoms within the natural history of idiopathic 
Parkinson’s disease. Additionally, there are no FDA approved therapies to arrest or delay 
continued degeneration of neurons3,4. 

There is considerable evidence supporting the critical role of neuroinflammation in the 
degenerative process. Several mechanisms including alpha-synuclein protein aggregation (due to 
protein misfolding or degradation), oxidative stress (reactive oxygen and nitrogen species), 
mitochondrial dysfunction, endoplasmic reticulum stress and dysfunction of neurotrophic factors5 
are thought to trigger the inflammatory process.  The inflammatory response is orchestrated by 
interactions of glial cells, peripheral lymphocyte infiltration, a disrupted blood brain barrier 
(BBB)6-8, and signaling molecules that elicit a coordinated reaction between the CNS and the 
peripheral immune system.  The purpose of this response is to protect and repair the tissues 
involved and restore homeostasis. The neuroinflammatory condition is well described in human 
post-mortem, in vivo (MPTP, 6-OHDA, rotenone, LPS, and SNc extracts) and in vitro models. 
Studies have shown activated glia, high levels of expression of major histocompatibility complex 
type II (MHC-II), integrins, neurotrophins, peripheral B and T-lymphocytes infiltration, related 
inflammatory molecules, pro-inflammatory cytokines and chemokines and changes in growth 
factors9-18. Inflammation also plays a significant role in the pathogenesis of both toxin-induced 
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and genetic models for PD19,20, and epidemiological studies on the risk-lowering effects of anti-
inflammatory drug regimens support its key role21-23.  Our group has studied extensively the role 
of the peripheral immune system in PD neurodegeneration by using an LPS rat model24,25, human-
derived cultured glial cells26,27, patients CSF28,29, and plasma30. Ultimately, a chronic inflammatory 
state is perpetuated which leads to mitochondrial dysfunction, derangement in the ubiquitin-
proteasomal degradation pathway, cellular swelling, excitotoxicity, release of free radicals and 
nitric oxide, decreased secretion of trophic factors that compromises cellular function and neuronal 
survival. 
Together, these results indicate that a unique adaptive immune response is indeed occurring in 
patients with iPD and changes as the disease progresses. These aggregate data support the necessity 
of an immune modulator molecule to arrest this process, such as mesenchymal stem cells (MSCs). 

2.2 Mesenchymal stem cells

Mesenchymal stem cells (MSCs) were first isolated in 1966 by Friedenstein and colleagues31. 
MSCs are multipotent cells that have the potential to differentiate into various cells of a 
mesodermal lineage. Bone marrow aspirate has been the primary source for MSC; however, they 
can also be isolated from neonatal tissue, adipose tissue, peripheral blood, dental pulp, amniotic 
fluid, placenta, and umbilical cord blood. 

MSCs possess several advantages over other stem cell therapies that make them an attractive 
therapeutic for neurodegenerative disorders32-34, in that they are easily procured and expanded on 
a large scale, and have little to no ethical issues or controversies surrounding them when derived 
from the bone marrow of healthy volunteers. MSCs can differentiate along several lineage 
pathways, are capable of migrating to sites of injury, including across a disrupted blood brain 
barrier. They possess immunomodulatory and anti-inflammatory properties, a low probability of 
being tumorigenic, and are amenable to genetic modification.  The lack of a sustainable effect is a 
potential weakness of MSCs therapy. Repeated dosing may be required, and MSC infusions may 
fall short of modulating the individual’s intrinsic anti-inflammatory response. 

Multiple companies worldwide manufacture mesenchymal stem cells (MSC) and offer them to the 
public, including Cynata Therapeutics, RoosterBio, Pluristem Therapeutics, BioEden, Regenexx, 
and many more. In fact, MSCs are now the most common cell type used in regenerative medicine. 
The 2018 report by BioInformant disclosed that in 2017, the global Mesenchymal Stem Cells 
market size was $170 million, and it is expected to reach $250 million by the end of 2025.
To-date only four MSC based therapies have been approved overseas, and neither have been for a 
neurodegenerative disorder. In 2012, Health Canada issued marketing approval for Prochymal 
(Osiris) to treat children with acute GvHD. Temcell HS allogeneic MSC therapy from JCR 
Pharmaceuticals was approved in Japan in 2015 for acute GvHD in bone marrow transplant 

IRB NUMBER: HSC-MS-20-0150
IRB APPROVAL DATE: 03/08/2024



8

patients, TEMCELL generated ¥ 0.7 billion sales for JCR in 2016 fiscal year. Stempeucel (Ex vivo 
cultured adult allogeneic MSCs) was approved in India in 2016 for Critical limb ischemia due to 
Buerger's disease. Additionally, in 2018 Alofisel (Allogeneic expanded adipose-derived MSCs) 
from TiGenix, received approval from the European Commission to treat Crohn’s-related 
enterocutaneous fistular disease.

 
3. Rationale for using MSCs to treat PD

Neuroinflammation plays a critical role in the development and progression of PD. Several 
experimental approaches to protect, rescue, and even restore dopaminergic neurons are under 
investigation35-37. Various types of stem cells have shown promising results as effective neuro-
restorative treatments for a range of neurological disorders38,39. Decades worth of PD studies have 
focused on direct intra-striatal transplantation of fetal tissue with mixed results40-42. The ethical 
considerations regarding the source of the neural tissue have discouraged further investigation into 
the feasibility of this therapy. However, a growing body of literature indicates that MSC possess 
regenerative and immunomodulatory properties that can be harnessed for therapeutic applications. 
MSC have been studied extensively in multiple animal models of PD for over 10 years43-51.

The highly plastic immune-regulatory function of MSC allows for modulation of the immune 
milieu by interacting with the neural-glial microenvironment, producing and responding to 
cytokines, chemotaxis, growth factors, and cell activation32,52,53. Several studies using animal 
models of PD have found that intravenous (IV) or intra-arterial administration of MSCs decreased 
DA neuron loss, decreased inflammatory cytokine production or microglial activation, or reduced 
α-synuclein oligomerization. Indeed, the degeneration of dopaminergic (DA) neurons in the 
substantia nigra pars compacta in iPD may be reversible, and previous studies have shown that 
MSCs can protect and stimulate regeneration in damaged recipient DA cells54-57. The potential 
therapeutic benefit of MSCs therapy is hypothesized to rely primarily on paracrine actions, 
exosome activity, and direct cell-to-cell modulation of host immune cells58. The paracrine actions 
include the release of trophic and immunosuppressant factors and can enhance angiogenesis and 
neurogenesis, inhibit fibrosis and apoptosis, and suppress free radical formation. The trophic 
factors stimulate the recruitment, retention, proliferation, and differentiation of tissue-residing 
stem cells, and produce an extracellular matrix that supports neural cell attachment, growth, and 
axonal extension38. In turn, activated microglia produce trophic factors that stimulate DA neural 
regeneration and provide signals that promote endogenous neural stem cells and glial 
differentiation. MSCs secrete extracellular vesicles known as exosomes. Exosomes elicit diverse 
cellular responses as an intercellular communication vehicle and support the maintenance of a 
dynamic and immune homeostatic within the tissue microenvironment. They potentially restore 
tissue function by providing catalytically active enzymes to promote homeostasis58. All these 
actions can create a favorable environment for regeneration and allow a restorative process to 
occur59. 
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Our collaborators at the University of Texas Health Science Center have demonstrated the safety 
and tolerability of intravenously administered MSCs in a pilot study of patients with recent 
ischemic stroke60, and we demonstrated an overall effect of MSC infusion on limb function in PD 
animal models50. In 2015, our research group obtained an IND to study the safety and tolerability 
of intravenous administration of bone marrow-derived MSCs in patients with mild to moderate 
PD. This Phase I study demonstrated that a single IV infusion of MSCs is safe, well-tolerated, and 
not immunogenic at doses that range from 1 to 10 X 106 IV MSCs/kg in subjects with mild to 
moderate PD.   The most significant change in peripheral inflammatory markers steadily declined 
after 3 months with some residual effect at 6 months; based on this data, we would like to test 2 
infusions vs. 3, at 4 month intervals for primary effect at 62 weeks and total follow-up at 88 weeks.

3.1 Proposed mechanisms of action:

DA neurons are damaged early in the PD disease process, which in turn causes activation of 
microglia. As the neurons degrade, α-synuclein is released and taken up by the microglia, which 
in turn recruits circulating immune cells that infiltrate into the CNS, secrete proinflammatory 
cytokines, chemokines, and reactive oxygen species. These events eventually lead to a chronic 
inflammatory state and accelerated neuronal death through oxidative stress and apoptosis. Based 
on evidence from previous studies, we hypothesize that IV injection of MSC will help to reduce 
the neuroinflammatory response through the manipulation of microglia-mediated 
neuroinflammation. 

The potential benefit of MSC therapy is hypothesized to rely on three specific actions. Paracrine 
immunomodulation and exosome-mediated activity play significant roles.

 Paracrine actions: 

Paracrine factors as cell‐derived microvesicles that perform intercellular communication. The 
release of trophic factors and immunosuppressant factors can enhance angiogenesis, inhibit 
fibrosis and apoptosis, and suppress free radical formation. The trophic factors stimulate the 
recruitment, retention, proliferation, and differentiation of tissue-residing stem cells, and 
produce an extracellular matrix that supports neural cell attachment, growth, and axonal 
extension. Together all these actions can create a favorable environment for regeneration and 
allow for an intrinsic restorative process to occur59,61-65. 

   MSCs can secrete numerous growth factors and cytokines, including the following: Brain-
derived neurotrophic factor (BDNF), nerve growth factor (NGF), glial cell-derived neurotrophic 
factor (GDNF), fibroblast growth factors 2 and 8 (FGF2 and FGF8), ciliary neurotrophic factor 
(CNTF), neurotrophin-3 (NT-3), hepatocyte growth factor (HGF), platelet-derived growth 
factor (PDGF), vascular endothelial growth factor (VEGF), insulin-like growth factor 1 (IGF-

IRB NUMBER: HSC-MS-20-0150
IRB APPROVAL DATE: 03/08/2024

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCEQFjAB&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBrain-derived_neurotrophic_factor&ei=xHzvVPvaK8fxoATbzoDADg&usg=AFQjCNExSwCi3fxqVRvlBF2Eavqo4sfuWA&sig2=Vg2hvc-0_3CHvTz2if7pQQ&bvm=bv.86956481,d.cWc
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCEQFjAB&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBrain-derived_neurotrophic_factor&ei=xHzvVPvaK8fxoATbzoDADg&usg=AFQjCNExSwCi3fxqVRvlBF2Eavqo4sfuWA&sig2=Vg2hvc-0_3CHvTz2if7pQQ&bvm=bv.86956481,d.cWc


10

1) and stromal cell-derived factor-1 (SDF-1) 66-71. GDNF, BDNF, FGF, and CNTF have been 
shown to elicit neurotrophic and neuroprotective effects on DA neurons72-75. These neuro-
regulatory molecules promote neuronal survival and regeneration, as well as endothelial cell 
proliferation and angiogenesis67,70,76. 

MSCs also activate microglia and astrocytes77. Activated microglia produce trophic factors that 
stimulate DA neural regeneration and provide signals that promote endogenous neural stem 
cells and glial differentiation78-82. MSCs have been shown to suppress or activate immune 
responses; through cell-cell contact and release of different factors, they evoke a cellular 
immune response by expressing immunomodulatory mediators such as indoleamine 2,3-
dioxygenase (IDO) and induced nitric oxide synthase (iNOS). On the other hand, MSC secretion 
of the anti-inflammatory cytokines TGFβ, IL-1ra, IL-10, and subsequent down-regulation of 
IL-2 and IL-15 may suppress the activities of macrophages, neutrophils, T and B lymphocytes, 
dendritic cells and natural killer cells83-89.

• Exosomes:

MSC secrete extracellular vesicles known as exosomes derived from the endosomal membrane. 
Exosomes carry nucleic acids, lipids, and proteins, including micro RNAs; they elicit diverse 
cellular responses and can function as an intercellular communication vehicle for modulation 
of cellular processes. Exosomes support the maintenance of immune homeostasis within the 
tissue and allow for a dynamic response to the external tissue microenvironment. They 
potentially restore tissue function by providing catalytically active enzymes to promote 
homeostasis.58,90

3.2 Advantages

MSC possess several advantages over other stem cell therapies that make them an attractive 
therapeutic for neurodegenerative disorders32-34:

a) Easily procured and expanded on a large scale.
b) Little to no ethical issues or controversies.
c) Able to differentiate along several lineage pathways.
d) Capable of migrating to sites of injury, including crossing the brain-blood barrier.
e) Immunomodulatory and anti-inflammatory properties.
f) Low probability of being tumorigenic.
g) Amenable to genetic modification.

3.3 MSC Pharmacology

Absorption and Distribution:
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Animal studies have shown that following intravenous administration, the majority of allogeneic 
MSCs are trapped in the lungs upon the first passage and can remain there for up to approximately 
a week. Under inflammatory conditions, MSC may persist at distal sites of injury up to 5-8 days 
post-injection 91,92.  In rat models of PD, xenogeneic MSC injected I.V. were detected in brain 
tissue between 2-7 days post-administration 47,93.

Metabolism and Excretion:

Allogeneic MSC migrate to the spleen and the liver within 2-5 days post-injection and are 
presumably phagocytized by local macrophages at these sites within 14 days 92.

Toxicology:

Up to 2 X 106 cells/mouse have been injected (equivalent to 1 X 1011 cells/kg) with no serious 
adverse effects 94.  The development of an immune response directed against allogeneic MSC has 
been reported in several different animal models; thus far, the only measurable consequence 
appears to be decreased survival and engraftment of the injected cells 95-101. 

3.4 Pre-clinical and clinical experience of MSC in PD and other disorders

There is substantial evidence from animal models and from chronic human diseases that MSC 
transplantation by intravenous administration can restore immune system homeostasis and 
stimulate DA regeneration, thus having the potential to slow the progression of PD. 

Animal Models

Several studies using animal models of PD have found that intravenous (I.V.) or intra-arterial 
administration of MSC can protect dopaminergic neurons and may improve motor function45-

47,4960. Table 1 provides a list of animal studies that assess the effect of intravenous MSC, which 
includes: 6-OHDA, Preformed fibril model + MPTP, MPTP + 3-NP, MPTP, and a transgenic MSA 
model. Most of the studies showed dopaminergic survival (increased TH+ neurons), reduced 
inflammatory cytokines, decreased microglial activation, and some behavioral improvement. 
Intriguingly, some of these models suggest that the therapeutic effects of intravenous delivery of 
MSCs may not even be dependent on the status of the BBB because of the profound impact of 
MSCs on the peripheral immune responses. Our group’s recent meta-analysis of 25 studies of MSC 
therapy in animal models showed safety and efficacy. The meta-analysis demonstrated that the 
I.V. route of administration had a more substantial effect on limb function as well as improved 
rotational behavior.50  
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Clinical Experience in Neurodegenerative disease

Venkataramana et al. in an open-label Phase I study demonstrated the safety of autologous MSC 
transplantation into sublateral ventricular zone of 7 PD patients, reporting a decrease by 18% of 
the conventional “off” Unified Parkinson’s disease Rating Scale (UPDRS) -Total score after one 
year and 26% following 2 years post-treatment. There was a substantial reduction in total levodopa 
dosing for the PD patients with no adverse effects reported106. The same group reported results 
from a 2 year pilot clinical study demonstrating feasibility, safety, and efficacy of bilateral 
transplantation of allogeneic MSCs in 8 PD patients with a mean improvement of 31% in the off 
UPDRS-Total score. Neither of these studies reported any serious adverse events related to 
treatment 107. 

To date, there have been studies of the effects of MSC therapy on three neurodegenerative diseases, 
including multiple system atrophy (MSA), multiple sclerosis (MS) and amyotrophic lateral 
sclerosis (ALS):

Table 1. Animal Models

Model Cell type # 
cells/kg

Injection site Follow-
up

Results Ref

6-OHDA rat MSC transfected 
with CDNF

2 x 105 Intrastriatal, 
intraventricular or 

jugular vein

6 weeks Behavioral improvement (better for 
intrastriatal) and  Increased TH+ neurons

102

6-OHDA rat Human adipose 
derived MSC

? Intraventricular 
into SN

3 days Evidence of S100 positive BDNF cells 
and endothelial cells derived from MSC

49

6-OHDA rat Human BM-MSC
(up to 6th passage)

1 x 107 Femoral vein 26 or 80 
days

Increased TH+ neurons
Behavior improved out to 80 days. No 

evidence of hMSC engraftment

47

6-OHDA rat Rat BM-MSC 
GFP transfected

(2nd passage)

1 x 107 Femoral vein 2d. 1wk.

4 wks

Cells in lung and brain at 2 days, also at 
1 week

48

MPTP mouse
and a-syn-
inoculation

Human MSCs
(2nd passage)

1 x 106 Tail Vein 7 days Reduced levels of immunoreactivity for 
both a-synuclein and ThT

103

(PLP)- αSYN 
mouse (MSA)

GFP positive 
syngeneic MSC

5 x 105 Tail Vein 4 weeks No behavior improvement
Reduced inflammatory cytokines in the 

brain

104

MPTP and 3-NP 
(MSA)

Human BM-MSC 
(6th passage)

1 x 106 Tail Vein 4 weeks Increased TH+ Nuer-N+ cell survival
Decreased microglial activation

45

MPTP mouse Human BM-
derived MSC (6th 

passage)

1 x 106 Tail Vein 2-4 
weeks

Reduced α-syn in the brain, increased 
autophagolysosomes in DA neurons

46

MPTP rat BMMC or
BM-MSC

(4th passage)

5 x 106

1 x 106
Jugular vein 1-8 days No behavioral improvement

MSC injected had slightly better neuron 
survival

43

MPTP mouse Mouse  BM-
derived MSC

1 x 105 Tail Vein 3, 7, 14,
and 28 
days

Recovery of BBB integrity, suppression 
of microglial activation and  Increased 

TH+ neurons survival

105
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• Dongmei et al. showed that intrathecal injection of umbilical cord mesenchymal stem cells (UC-
MSC) is safe and can delay the progression of neurologic deficits in MSA-C patients. They 
reported 3 symptoms as side effects after intrathecal injection, including dizziness, back pain, 
and headache that disappeared between 1-3 days, and were attributed to the lumbar puncture 
procedure108. Xi et al. tried a comprehensive cell-based neurorestorative therapy (I.V. UC-MSC, 
intrathecal Schwann cells, and transplantation of olfactory ensheathing cells) for patients with 
multiple system atrophy, in which they proved safety and to some extent benefit with 
improvement in total Unified Multiple System Atrophy Rating Scale (UMSARS)109. Lee et al. 
evaluated the feasibility of consecutive intra-arterial and intravenous MSC treatment for MSA 
patients and proved safety and a significant improvement on the UMSARS110.

• Karusis et al. showed that one intrathecal and one intravenous administration of MSCs in patients 
with MS and with ALS is clinically feasible, relatively safe, and induces immediate 
immunomodulatory effects111. Connick et al. performed an open-label Phase 2a proof-of-
concept study and concluded that autologous MSCs were safely given in one I.V. dosage for 
secondary progressive MS. There was evidence of structural, functional, and physiological 
improvement after treatment.112 Liang et al. used allogeneic MSC transplantations for the 
treatment of multiple sclerosis resulting in disease stabilization and improved quality of life in a 
single MS patient 113. Hou et al. showed that I.V. and intrathecal administration of umbilical 
cord and bone marrow-derived MSCs over 4 years in a patient with relapsing-remitting multiple 
sclerosis was safe and effective114.

• Mazzini et al. showed safety of MSC transplantation in the dorsal spinal cord in patients with 
amyotrophic lateral sclerosis115. Additionally, Navabi et al. have also shown that 
intravenous (IV) and intrathecal (IT) transplantation of BM-derived stromal cells is safe and 
feasible in patients with amyotrophic lateral sclerosis116.

Clinical Experience in other diseases

Allogeneic MSC have been used worldwide in research for the past decade, available data indexed 
in PubMed contains results for a wide range of diseases including acute graft-versus-host disease 
(aGVHD), ankylosing spondylitis, systemic lupus erythematosus (SLE), Crohn’s disease, human 
immunodeficiency virus (HIV), ulcerative colitis, psoriasis, leukemia, diabetes mellitus (DM), 
chronic obstructive pulmonary disease (COPD), interstitial lung disease (ILD), asthma, partial 
medial meniscectomy, orthogenesis imperfecta, spinal cord injuries, ischemic cardiomyopathy, 
myocardial infarction, heart failure, critical limb ischemia (CLI) and cerebral palsy.

Currently, there are 84 allogeneic mesenchymal stem cell trials registered in the U.S. National 
Institutes of Health (NIH) database conducted by investigators in the USA, Australia, Belgium, 
China, Denmark, Greece, Germany, India, Iran, Japan, Korea, Malaysia, Spain, and Vietnam. 
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Dosage, Intervals, and Route of Administration for allogeneic MSC

Different delivery routes for MSC have been tested, including intra-arterial, I.V., intra-articular, 
intrathecal, intramuscular, transendocardial, and intra-bone marrow. An I.V. infusion is the least 
invasive and therefore the safest. Available literature reported eleven studies performed in the 
USA, Australia, Japan and China that used I.V. infusion as a delivery route; none of them had a 
serious adverse event (SAE) related to I.V. infusion of MSC and none had specific reactions 
following serial infusions113,114,117-126.  Dosages of I.V. infusion used in the studies mentioned 
above ranged from 1–150  106 MSC/ kg, with each of the doses proven to be safe and showing ×
some degree of efficacy. Eight of the eleven trials included serial infusions ranging from 2 to a 
maximum of 12 dosages, scheduled as often as twice a week or as far apart as once every 6 months. 
Serial infusions are an important consideration in PD since our data show that PD is a chronic 
neuroinflammatory condition127 that is relentlessly progressive and unlike an acute injury, requires 
serial infusions to modify and maintain the immune system response. 

3.5 Safety and Tolerability

Monitoring for safety after administration of undifferentiated MSC focus on acute hypersensitivity 
reaction and a sub-acute or delayed antibody-mediated reaction that can occur within 3-4 weeks 
of the infusion. A primary concern, although extremely rare, in MSC infusion therapy is the 
development of a hypersensitivity reaction. Transient (lasting several hours) fever is the most 
common but again rare administration side effect.  An acute, more serious hypersensitivity reaction 
causing fever, confusion, kidney, liver, or other organ damage, hemolytic anemia or pneumonitis 
has a very low risk of occurrence. Additionally, the systemic or intravenous route of administration 
means that the MSC can be distributed to many different tissues and organs in the body and we 
know that most will end up in pulmonary tissue and that the small molecules will distribute 
throughout the circulation.

The immune privileged status of MSC has been demonstrated using expanded undifferentiated and 
differentiated MSC in vitro culture. The cell surface of these cells expresses intermediate levels of 
human leukocyte antigen (HLA) major histocompatibility complex (MHC) class I molecules and 
negligible levels of HLA class II and Fas ligand. There is no expression of the co-stimulatory 
molecules B7-1, B7-2, CD40 or CD40L, and when exposed to allogeneic lymphocytes, they fail 
to elicit a reactive response128. However, with alloantibody production following repeated doses 
of MSC, no life-threatening host vs. graft responses have been reported96,129,130.

Lalu et al131 reviewed the safety of systemic MSC administration in humans in a meta-analysis of 
36 studies. Based on these analyses, MSC therapy appears safe with transient fever as the only 
significant administration side effect.

To prove the safety and feasibility of the use of intravenously deliver allogeneic bone marrow-
derived MSCs in patients with PD, our group designed and conducted the first USA single-center 
open-label dose-escalation phase 1 study and we demonstrated that a single infusion of allogeneic 
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MSCs is safe and well-tolerated in mild to moderate PD patients. The treatment effect likely relies 
on peripheral immune modulation. The study recruited 20 subjects with mild-moderate PD that 
were sequentially assigned to one of four doses: 1, 3, 6, or 10 X 106 MSCs/kg given IV and 
evaluated at 3, 12, 24, and 52 weeks post-infusion. Primary outcome safety measures were defined 
as the absence of immediate transfusion reaction, study-related adverse events, organ damage, or 
immunogenic reactions. Secondary outcomes were defined by the therapy’s impact on peripheral 
markers, PD progression, and changes in brain perfusion. 

All 20 patients received a single MSCs IV infusion. During the first 24 hrs post-infusion, three 
patients reported TEAEs, one with phlebitis, one with an antecubital fossa hematoma, and one 
with a headache (Table 2). The first patient had 3 cm superficial phlebitis Grade 2 Infusion-Related 
Allergic Reactions (NCI-CTCAE criteria) that required local medical management. The other two 
patients had mild symptoms and did not require any treatment. All patients left the research unit 
with full resolution of their symptoms. In subsequent follow-up, 50% of the patients reported 
TEAEs; most of them were mild, with dyskinesia (20%, N=4) and hypertension (20%, N=4) as the 
most common. Two of the patients experiencing dyskinesias required levodopa reduction for 
resolution and the remaining resolved without intervention. All hypertension cases were reported 
between 3 and 12 weeks after infusion and were followed by their primary care physicians. Of 
those, three cases were transient, and one patient was diagnosed with stage 2 hypertension and is 
currently under medical management. 

There was one SAE during the study. One patient with a 4-year history of lymphocytosis was 
diagnosed with chronic lymphocytic leukemia (CLL) 8 months after the infusion. Patient 10B 
(stem cell dose 3 X 106 MSC/kg) was enrolled with a lymphocyte percentage of 50.7; our 
laboratory range is 20-40. The PI determined that the elevation was not clinically significant, 
taking into consideration that; a) the study team was not aware of a previous history of elevated 
lymphocytes; b) the patient had no symptoms or positive findings at the physical examination with 
the exception of the ones related to PD; c) the patient met all the inclusion criteria and d) the 
entirety of the labs including  CBC and differential (WBC count and lymphocyte absolute number) 
were within normal range. A CBC was obtained at each visit except for the infusion visit; the 
patient’s lymphocyte percentage remained out of range during the whole study with a normal WBC 
and lymphocyte absolute number (which is the current value used for CLL guidelines132). One 
hundred twenty-six days after the MSC infusion, the patient informed us that their PCP had been 
following them for 4 years for an elevated lymphocyte % and that at that point, they had a 
significant increase in lymphocyte absolute number. The patient was evaluated by a hematologist-
oncologist who made the diagnosis of Chronic Lymphocytic Leukemia.  Based on a low disease 
burden and the fact that the patient has remained asymptomatic, a therapeutic intervention was not 
recommended, and the patient remains untreated and under scheduled monitoring. Our DSMB was 
immediately informed and based on the absence of literature on this adverse event in studies with 
MSCs; they labeled the SAE as possibly related. The patient remained asymptomatic at the end of 
the study. 
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Laboratory assessment showed a transient decrease in lymphocytes in 30% (N=6) of the patients 
and a transient increase in basophils in 20% (N=4) of the patients.  These changes did not last more 
than three months and were not related to any specific disease process. Suicidal ideation did not 
change during the study. There was no relationship between the incidence of adverse events and 
dose. No trends emerged from physical examinations or neurological examinations.

There was no response to donor HLA over the 12-month study. At 52 weeks CCL2 declined by 
15% (p<0.01), and CCL22 by 29% (p<0.05), along with an increase in BDNF 46% (p<0.05). The 
highest dose had the most significant effect on reducing OFF UPDRS motor  -14.4 (p<0.01) and 
total scores (-20.8, p<0.001). Further, there was an increase in basal ganglia perfusion at 24 weeks 
(p<0.001).

4.  Design

Phase IIa double-blind, randomized controlled clinical trial of allogeneic bone marrow-derived 
mesenchymal stem cells as a disease-modifying therapy for PD. Forty-five men and women 
between 50 and 79 years of age who meet the UK Brain Bank criteria for idiopathic PD and who 
have a Hoehn and Yahr of <3 in the OFF medicine state and are between 3-10 years from the onset 
of disease diagnosis will be recruited to participate. Subjects will be randomized 1:1:1 to 1 of the 

Table 2. Treatment-Emergent Adverse Events (TEAE)

Body System Adverse 
Reaction

Group 
A

N=5 
(100%)

Group 
B

N=5 
(100%)

Group 
C

N=5 
(100%)

Group 
D

N=5 
(100%)

AE Relationship 
to MSC

Hypertension 2 (40%) 2 (40%) 0 0 Unlikely related

Phlebitisb 0 0 0 1 (20%) RelatedCardiovascular

Hematomab 0 0 1 (20%) 0 Related
Gastrointestinal

Nauseaa 1 (20%) 2 (40%) 0 0 Possibly related

Headacheb 0 1 (20%) 0 0 Possibly related
Neurologic

Dyskinesia 1 (20%) 0 2 (40%) 1 (20%) Probably related

Hematology CLL 0 0 1 (20%) 0 Possibly related
↓Lymphocytes

a 3 (60%) 2 (40%) 0 1 (20%) Possibly related
Lab

↑Basophilsa 1 (20%) 1 (20%) 1 (20%) 1 (20%) Possibly related

Data shows n and (%) per dose group. CLL, Chronic Lymphocytic Leukemia.  a: Mild and 
transient.  bThere were three AEs related to the infusion procedure (phlebitis, antecubital fossa 
hematoma, and headache). The remaining AEs were reported at follow-up and 3 patients 
required management, one for hypertension and two for dyskinesias.
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3 following groups: 2 infusions of 10 X 106 MSC/Kg every 4 months and one placebo infusion; 3 
infusions of 10 X 106 MSC/Kg every 4 months and 3 infusions of placebo every 4 months. Figure 
1. The subjects will be followed for a total of 88 weeks. 

5. Study objective and outcomes

The primary objective of this study is to select the safest and most effective number of repeat doses 
of allogeneic bone marrow-derived mesenchymal stem cell infusions to slow the progression of 
PD.

5.1 Outcomes

5.1.1 Primary outcome

The primary goal of this trial is to select the safest and most effective number of repeat doses of 
allogeneic bone marrow-derived MSC with the aim to slow the progression of PD as determined 
by the change on the motor section of the MDS-UPDRS (≥ -5) in each active treatment arm versus 
placebo between screening and  62 weeks follow-up. 

5.1.2 Secondary outcomes

Assess 1) safety and tolerability; 2) secondary measurements of clinical efficacy and 3) explore 
putative mechanisms of action for the effect of MSC

1. MSC therapy will demonstrate safety and tolerability comparable to placebo in terms of serious 
adverse reactions and immunologic responses.
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 New-onset organ failure defined as a significant acute change in the kidney or liver 
function, leukocytosis, leukopenia or anemia sustained over 3 months; > 75 % reduction 
in GFR compared to baseline; altered liver function as defined by ALT >150 U/L and or 
total bilirubin >1.6 mg/dl; or leukopenia defined as < 4K WBC count or anemia as defined 
by Hgb < 12 for men and < 11 for women.

 Immunologic responses: Donor specific antibodies (DSA) in serum of patients will be 
measured and compared to baseline to determine if there is a development of antibody 
response to donor HLA. (Please refer to section 11.2)

2. MSC therapy will improve motor function, disability, quality of life, non-motor symptoms, 
cognition, and behavioral changes relative to placebo.

 Motor function: characterized by a change in MDS-UPDRS Total and Motor scores and 
Timed-Up-and-Go (TUG) from baseline. Immediate response will be assessed at weeks 
29, 39, 52, and 78. Normal progression in UPDRS-T is defined by > 8-14 points per year133-

135 Therefore abnormal clinical deterioration is an increase of  >12 points per year in the 
“Off” state.  For the UPDRS-M, the literature supports a natural progression of 3-6 points 
per year134,136,137 and this equivalent for the MDS-UPDRS motor section138,139; therefore, 
abnormal clinical deterioration is an increase of > 6 points per year. TUG progression is 
defined as a +/- 3 seconds difference every 6 months.

 Global measurement of disability as measured by the change in the screening “Off” 
modified Hoehn and Yahr (H&Y) at the final visit. Expected progression is defined as a < 
1.0 increase in H&Y every 2 years135,140. Therefore, clinically significant deterioration 
would be > 0.5 increase in the H&Y over 1-year.

 Quality of life: based on changes in the modified Schwab and England activities of daily 
living scale (ADL), Parkinson's Disease Questionnaire 39 (PDQ-39) and EuroQol- 5 
Dimension (EQ-5D) from screening and at the final visit. The normal progression is an 
annual change of 10% in ADL136 and a change of less than 10% of the PDQ-39 at the final 
visit compared with the screening visit141. Therefore a change of > 10% in ADL or the 
PDQ-39 over the 1 year study period will be considered clinically significant.  For the 
EuroQol- 5 Dimension (EQ-5D), simulation-based estimates defined the minimally 
important difference (MID) index score to be between 0.037 and 0.069142.

 Non-motor symptoms: The non-motor symptoms questionnaire (NMS) and The University 
of Pennsylvania Smell Identification Test (UPSIT- 40 odor test booklet).

 Cognitive function: measured by the change in Montreal Cognitive Assessment (MoCA) 
from screening to final visit. Normal change is less than 3 points per year. Therefore a ≥ 3 
point change over a one year study will be considered clinically significant.

 Behavioral changes: The Columbia Suicide Severity Rating Scale (C-SSRS), Geriatric 
Depression Scale-Short Form (GDS-SF), and Parkinson Anxiety Scale (PAS). Suicidal 
ideation will be assessed by the Columbia Suicide Severity Rating Scale (C-SSRS); any 
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positive response to any of the questions will be considered significant and would require 
further investigation. A score of 8 or more in the Geriatric Depression Scale will be 
considered significant and would require further investigation.

3. Explore putative mechanisms of action for the effect of MSC therapy. We will assess the 
putative paracrine mechanism of MSCs using neuroimaging and measuring concentrations of 
cytokines, chemokines, growth factors, neurotransmitters and alpha-synuclein oligomers in 
the blood (serum or plasma) and CSF.

 Neuroimaging: 3 imaging time points per patient, baseline, week 40, and week 88.
- Perfusion MRI: We will measure resting cerebral blood flow (CBF) using a pseudo-

continuous arterial spin labeling (pCASL) MRI sequence with gradient-echo echo-planar 
imaging (EPI). Recent ASL studies of PD patients143 report wide-spread cortical 
hypoperfusion and, subcortically, hypoperfusion of the caudate nucleus. 

- Diffusion-weighted MRI (for DTI analysis): will be used to examine white matter 
microstructures, which represent the structural pathways linking specific cortical and 
subcortical regions. Specifically, we expect to find increased fractional anisotropy and 
decreased mean diffusivity along white matter fibers that link regions exhibiting 
increased functional connectivity such as substantia nigra and dorsal striatum. 

- Neuromelanin MRI:  neuromelanin-sensitive and iron-sensitive MRI sequences can 
robustly detect and quantify the neuromelanin loss, and iron accumulation in the 
substantia nigra pars compacta (SNc) and locus coeruleus (LC). We expect no changes 
in the neuromelanin (NM) signal in the SNc at 40 weeks.

 Peripheral responses: serum or plasma concentrations of cytokines, chemokines, growth 
factors, and neurotransmitters will be measured at each follow-up and compared to baseline.  
Preliminary data generated in our laboratory demonstrated that MSCs effect likely 
relies on peripheral immune modulation, promoting an anti-inflammatory state.

 Alpha-synuclein oligomers: Total and phosphorylated alpha-synuclein in plasma will be 
measured using ELISA and total alpha-synuclein in CSF will be measured using Protein 
Misfolding Cyclic Amplification (PMCA). Kinetic parameters seem to correlate with 
disease severity measured by H&Y.144

6. Study subjects

The target population includes the following characteristics: male or female sex; any ethnic, racial 
or socioeconomic background; sporadic late-onset PD; PD diagnosed by a neurologist; motor 
symptoms for 2-10 years and age between 50–79 years old at the start of the trial. Since the 
prevalence of PD in men is slightly higher than women at a 3:2 ratio, we anticipate that our 

. 
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recruited population will have a similar gender distribution. A period of 2-10 years from motor 
symptom onset or disease diagnosis defines a mild to moderate disease stage and medically 
responsive phase of PD. Our research suggests that peripheral immune response in PD patients, 
which we hypothesize will be modified by MSC treatment, diminishes 6–10 years after the time 
of diagnosis.  In order to participate, patients must be able to demonstrate ≥ 33% reduction of 
motor symptoms as determined by the motor subscale of the MDS-UPDRS in the levodopa OFF 
state vs. the levodopa ON state. The clinical diagnosis must be confirmed by a Movement 
Disorders Specialist and the PI at the screening. Patients with PD who meet the above criteria must 
be able to safely tolerate an OFF medicine state as defined by not taking levodopa therapy for 12 
hours prior to testing.

Note: At any point during the trial patients will be allowed to receive a Covid-19 vaccine against 
SARS-CoV-2 approve by the FDA, however, to minimize a confounder effect, this should not be 
scheduled 8 days prior to an infusion visit or 13 days after an infusion visit.

6.1 Inclusion Criteria

• Men and women between the ages of 50 and 79 years.
• Diagnosis of Parkinson's disease by the UK brain bank criteria including the presence of 1 

cardinal signs of PD plus bradykinesia. Diagnosis will be confirmed by the PI or other 
specialists in Movement Disorders and based on medical history, physical and neurological 
exams. Patients should have an asymmetric unilateral symptoms onset and supporting 
features (See Appendix A for a copy of the UK brain bank criteria).

• A modified Hoehn and Yahr stage of 3 or less in the levodopa OFF state. (See Appendix B 
for a copy of the modified Hoehn and Yahr)

• Date of Diagnosis of PD between 2 to 10 years, as documented in the medical record.
• Robust response to dopaminergic therapy (defined as greater than or equal to 33% 

reduction in symptoms (on the MDS-Unified Parkinson’s Disease Rating Scale part III) 
when measured in the ON medicine state compared to OFF state145. 

• If the subject is taking any central nervous system acting medications (e.g., 
benzodiazepines, antidepressants, hypnotics, stimulants), the regimen must be optimized 
and stable for 60 days prior to the screening visit.

• A stable Parkinson’s disease symptomatic medical regimen therapy for at least 60 days 
prior to infusion and not projected to require additional Parkinson’s disease symptomatic 
therapy for at least three months after the last infusion.  

• Women of childbearing potential will be required to use a reliable form of contraception 
from 60 days prior to baseline visit until 6 months after the final dose of the study drug.

6.2 Exclusion criteria 

• Atypical, vascular, or drug-induced Parkinsonism.
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• An atypical DAT scan or MRI supporting an alternative explanation for PD symptoms. 
• Presence of any red flags of atypical parkinsonism.
• Patient not on levodopa containing medications or dopamine agonist.
• Unwilling to undergo a Levodopa challenge.
• Clinical features of psychosis or refractory hallucinations.
• A Montreal Cognitive Assessment (MoCA) score of less than 25 (See Appendix C for a 

copy of MoCA).
• Uncontrolled seizure disorder, defined as a seizure within the last 6 months.
• Abnormal Kidney and liver function defined as GFR <45mL/min/m2, or 2 times the normal 

range defined by the laboratory for ALT and AST..
• Presence of anemia defined as: Hgb <12g/dl for men and <11g/dl for women or Hct < 38% 

for men and < 34 % for women.
• Presence of clinically refractory orthostatic hypotension at the screening visit.
• Body mass index of  40. This cut off is based on the high likelihood of a traumatic LP at 

this BMI and/or failure to obtain an LP. 
• Cardiac disease: History of congestive heart failure, clinically significant bradycardia, 

presence of 2nd, or 3rd-degree atrioventricular block.
• Pulmonary disease: COPD with oxygen-requirement at rest or with ambulation; or 

moderate to severe asthma.
• Active malignancy under treatment within 2 years prior to the screening visit, except for 

cancer in situ NXMX (TNM staging). 
• Any current suicidal ideation or behaviors defined by 1 or more positive answers on the 

Columbia Suicide Severity Rating Scale (C-SSRS) in the last month.
• Active autoimmune disorder or immunocompromised state, including chemotherapy 

administration within the last three years or current immunosuppression as defined by 
WBC <3 x 103 cells/ml.

• History of medium or large size vessel cerebrovascular accidents. 
• History of traumatic brain injury with loss of consciousness and residual neurologic 

symptoms.
• Major surgery within the previous 3 months or planned in the ensuing 6 months.
• Clinically significant abnormalities in the Screening visit laboratory studies.
• History of use of an investigational drug 4 months prior to the screening visit.
• Currently enroll in an interventional clinical trial.
• History of brain surgery for PD.
• History of stem cell treatment for any indication within 3 years prior to the screening visit.  
• Unable to return for follow-up visits for clinical evaluation, laboratory studies, or imaging 

evaluation.
• Unable to obtain peripheral IV access at the screening visit.
• Not willing to allow physical exam videotaping.
• Refusal or inability to undergo the lumbar puncture. 
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• Refusal or inability to undergo the MRI procedures. 
• Substance abuse disorder.
• Active anticoagulation treatment and/or abnormal INR (with the exception of Aspirin).
• Any other condition that the investigator feels would pose a significant hazard to the patient 

if enrolled or complicate the study assessments.

6.3 Selection and enrollment of Subjects

6.3.1 Advertisement

Advertisement will be focus on the following strategies:
a)  Websites: Place trial information on 3 different websites, including clinical trials.gov, 

Research Match, and Fox Trial Finder website. 
b)   UTHealth Patients: we will leverage electronic health records and electronic databases from 

UTHealth to reach possible candidates. We will also contact our study subjects from 
previous studies. 

c)   Clinic and Hospital outreach: Informational flyers will be placed in the waiting room of the 
movement disorders and general neurology clinics at UTHealth (TMC, Woodlands and 
Harris Health Smith clinic).

d)  Inform Colleagues: The PI will send an email to all the neurologists at UTHealth, Baylor 
College of Medicine, St Luke’s and Methodist. This email will include a short description 
of the study and the set of materials designed for physicians. 

e)  Out-Reach to the Community: Flyers will be distributed at different events for patients, 
including the ones organized by HAPS and other support groups. 

6.3.2 Pre-screening:

After contacting potential candidates and getting their approval, we will send them a pre-screening 
questionnaire (CPHS approved) to answer and return via a pre-paid envelope. The questionnaire 
provides information on the patient’s diagnosis, their response to medicines, laboratory tests (no 
older than a year), neuroimaging results, and their current medical history. This will allow us to 
develop a list of appropriate candidates to screen, maximizing our recruiting time, and reducing 
screen failures. We will contact the responders via email or phone one month after receiving the 
questionnaires to inform them of a decision to consider them as potential participants in the study. 
If a patient is considered a good candidate, a copy of the consent will be emailed to them, and a 
week later, the research coordinator will contact the patient to have an initial discussion about the 
consent. Afterward, a screening visit will be scheduled in which a longer and more in-depth 
discussion of the consent would take place before starting any study procedures.

6.4 Estimated number of Subjects
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Our goal is to recruit and retain 45 patients, with each patient finishing the one-year follow-up 
after the last injection and complete the study. In order to achieve this goal, we estimate the need 
to recruit 50 patients, which assumes a 10% projected screen failure rate.

6.5 Method of Assigning Subjects to Study Drug

Subjects will be assigned to any of the three treatment arms randomly on ratio 1:1:1 by computer 
table randomization method to yield a total of up to 45 randomized treated subjects; 15 subjects 
per arm. Screen failures or subjects who exit the study prior to the administration of the first 
treatment dose may be replaced with additional subjects, which could cause an overall number of 
subjects randomized to be greater than the 45 anticipated. However, no more than 45 subjects will 
be treated. 

7. Study intervention: Mesenchymal stem cell therapy

7.1 Allogeneic mesenchymal stem cells

Bone marrow extraction from a healthy donor (21 CFR Parts 1271 Subpart C) will be obtained by 
aspiration under local anesthesia at Memorial Hermann Hospital. Testing will be performed using 
FDA-approved licensed kits by Gulf Coast Regional Blood Center within seven days of collection 
of the marrow. Mesenchymal stem cells will be expanded 4 passages using a Terumo Quantum 
Bioreactor146 by the Center for Cell and Gene Therapy of Baylor College of Medicine under 
Current Good Manufacturing Practices designated by the FDA. Thawing will be initiated on the 
planned date of administration, the cells will go through the tests described in the manufacturing 
section and will be placed in 5% buminate Fenwal transfer packs routinely used in blood banks. 
Bags will be covered with an opaque cloth, so differences in the contents cannot be appreciated. 
The concentration of the infusion will be 1.5 X 107/ ml.  The cells will be transported from the CAGT 
laboratory to the Memorial Hermann hospital clinical research unit (CRU) in certified coolers at 
4°C-10° C, this is an approximately 15 minutes transport that via routes that link the Texas Medical 
Center institutions. Upon receipt, the cell packs will be examined for integrity and appearance, and 
this will be documented on the administrative paperwork. (For a sample of labeling see Appendix 
D).

7.2 Placebo

Placebo will be identical to the investigational product but will not contain MSCs. Placebo will be 
constituted by a 5% buminate solution. All bags will be covered with an opaque cloth, so differences 
in the contents cannot be appreciated.
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7.3 Delivery route and infusion rate

A study drug or placebo will be supplied to each one of the patients as an intravenous infusion. 
Antecubital vein access will be used for the infusion with 18 or 20 gauge catheter tubing. The access 
will be initially primed with normal saline; thereafter the study drug will be infused at a rate of 2 
ml/min followed by a flush with 25ml of normal saline. This rate may be modified dependent on 
the patient’s response. (As detailed in Section 11.1.2)

7.4 Facility: Clinical Research Unit

The infusion will take place in the clinical research unit (CRU) located on the third floor, 
Robertson Pavilion 352 at the Hermann Memorial Hospital in the Texas Medical Center. This 
facility provides a team of research nurses, study coordinators, and lab specialists. Their services 
include outpatient and inpatient rooms, diagnostic tests and procedures, regulatory monitoring, 
critical or emergent response access, and lab services 24 hours a day.

8. Study assessments

8.1 Demographics and complete medical history

Subjects will provide information on their demographics, complete medical history including 
social, smoking, alcohol and caffeine usage, as well as concomitant prescribed or OTC medication 
usage including date started, dose, and frequency. (See Appendix E for the medication form)

Allowed Concomitant Medications

Provided they were in use for at least 60 days prior to infusion, a stable regimen of central nervous 
system acting medications is allowed. These include benzodiazepines, antidepressants, hypnotics, 
anti-psychotic, and dopaminergic therapy (all levodopa formulations, dopamine agonists, 
amantadine, anticholinergic agents, and MAO-B inhibitors). Any modifications to the medical 
regimen will be determined by the PI. 

Medications or Supplements Not Allowed

The regular use of over the counter medications other than a standard daily multivitamin, pain 
medication, antihistamines, and cold medications or any experimental medication is not allowed.

8.2 Vital signs, orthostatic changes, weight and height

Blood pressure (supine and standing), heart rate (supine and standing), respiration, oxygen 
saturation, and body weight (in kg) will be measured during most of the visits. Height (in cm) will 
be measured at the screening visit only. 
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8.3 Physical and neurological examination

A complete physical and neurological examination will be performed and recorded at every 
clinical visit. The neurologic exam will include orientation to self, time and place, speech 
observation, cranial nerves, Global Bradykinesia, dexterity, tremor, muscle tone, strength, sensory, 
reflexes, cerebellar function, Retropulsive pull test, Romberg's test, and tandem gait.

 8.4 Laboratory Test

 Complete blood count (CBC) with differential: hematocrit, hemoglobin, platelet count, RBC 
indices, Total RBC, Total WBC, and WBC & differential. Additionally, for CSF analysis 
protein and glucose.

 Comprehensive Metabolic Panel: albumin, total protein, Alkaline phosphatase (ALP), Alanine 
aminotransferase (ALT), Aspartate aminotransferase (AST), Blood urea nitrogen (BUN), 
Calcium, Carbon dioxide, Chloride, Creatinine, Glucose, Potassium, Sodium, Total bilirubin

 Specialty Blood Chemistry: INR, PT, PTT, and dipstick urinalysis.

8.5 Rating scales 

8.5.1 MDS-UPDRS (Movement Disorder Society Unified Parkinson’s disease Rating Scale)

The MDS-UPDRS serves as a disability and impairment scale for progression; it is divided into 
four sections:

 Part I: Non-Motor Aspects of Experiences of Daily Living (13 questions).
 Part II: Motor Aspects of Experiences of Daily Living (M-EDL) (13 questions). 
 Part III: Motor examination (18 questions total, 9 of those with bilateral assessment of 

different body).
 Part IV: Motor complications (6 questions). 

All items have 5 response options with uniform anchors of: 0 = normal, 1 = slight (symptoms/signs 
with sufficiently low frequency or intensity to cause no impact on function), 2 = mild 
(symptoms/signs of frequency or intensity sufficient to cause a modest impact on function, 3 = 
moderate (symptoms/signs sufficiently frequent or intense to impact considerably, but not prevent 
function), 4 = severe (symptoms/signs that prevent function).
The motor section of the MDS- UPDRS will be performed by a qualified Movement Disorder 
Specialist. 

8.5.2 Modified H&Y (Hoehn and Yahr scale)
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 The Modified Hoehn and Yahr Scale is a staging instrument that defines 8 broad categories of 
motor function in Parkinson’s disease, starting at Stage 0: no signs of disease to the highest stage 
5: wheelchair bound or bedridden unless aided. The principal investigator will conduct the 
assessment at each clinical visit (See Appendix B for a copy of the Modified Hoehn and Yahr 
Scale).

8.5.3 TUG (Timed Up and Go Test)

Time in seconds required to stand from a chair, walk 7m, turn, walk back to the chair and sit down. 
The principal investigator will conduct the assessment at each clinical visit.

8.5.4 ADL (Modified Schwab and England Activities of daily living score)

The Schwab & England scale is a physician assessment of the subject’s level of independence. 
The subject will be scored on a percentage scale reflective of his/her ability to perform acts of 
daily living in relation to what he/she did before Parkinson's disease appeared.  Scores range from 
0% to 100% in increments of 10%, where 100% is completely independent and 0% is only 
vegetative functions. The principal investigator will conduct the assessment at each clinical visit 
(See Appendix F for a copy of the ADL). 

8.5.5 PDQ-39 (Parkinson's Disease Questionnaire)

The PDQ-39 is a 39 questions Parkinson's disease self-completed that assess Parkinson’s disease-
specific health related quality over the last month. Thirty nine multiple-choice items covering 8 
dimensions: mobility (10 items), activities of daily living (6 items), emotional well-being (6 items), 
stigma (4 items), social support (3 items), cognition (4 items), communication (3 items) and bodily 
discomfort (3 items). All items are assumed to impact QoL and must be answered to compute 
scores for each dimension. Questions are answered based on experiences from the preceding 
month using a 5-point ordinal scoring system: 0 = never, 1 = occasionally, 2 = sometimes, 3 = 
often, 4 = always. Lower scores reflect better quality of life.

Dimension score = sum of scores of each item in the dimension divided by the maximum possible 
score of all the items in the dimension, multiplied by 100. Each score range from 0 = never have 
difficulty to 100 = always have difficulty his calculation provides a percentage score ranging 
between 0 and 100. Overall score can be summarized as the Parkinson’s Disease Summary Index 
(PDSI). PDSI sum of dimension total scores divided by 8. This calculation provides a percentage 
score ranging between 0 and 100. The higher the percentage, the higher the disease impact on the 
quality of life. (See Appendix G for a copy of the PDQ-39). 

8.5.6 EuroQol- 5 Dimension (EQ-5D-5L)  
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The EQ-5D-5L is a self-assessed, health-related, quality of life questionnaire. The scale measures 
quality of life on a 5-component scale, including mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each level is rated on a scale that describes the degree of 
problems in that area (i.e., I have no problems walking about, slight problems, moderate problems, 
severe problems, or unable to walk). This tool also has an overall health scale where the rater 
selects a number between 1-100 to describe the condition of their health, 100 being the best 
imaginable. (See Appendix H for a copy of The EQ-5D-5L).

8.5.7 MoCA ( Montreal Cognitive Assessment)

The Montreal Cognitive Assessment is a rapid screening instrument for working memory, visual-
spatial abilities, executive function, attention, concentration, language, and orientation. The total 
score ranges from 0 to 30; a score of 26 or above is considered normal, 18-25 = mild cognitive 
impairment (MCI), 10-17= moderate cognitive impairment (Alzheimer's disease) and less than 
10= severe cognitive impairment. MoCA will be administered at the screening visit and at the final 
visit by the principal investigator (See Appendix C for a copy of the MoCA).

8.5.8 UPSIT (University of Pennsylvania Smell Identification Test)

The University of Pennsylvania Smell Identification Test is a comprehensive 40-item self-
administered olfactory test that provides an absolute indication of smell loss (anosmia; mild, 
moderate, or severe microsmia). The kit consists of four booklets, each containing ten questions 
with a total score of 40. The score is compared to scores in a normative database from 4000 normal 
individuals (according to their age group and gender).

8.5.9 C-SSRS (The Columbia Suicide Severity Rating Scale)

The Columbia–Suicide Severity Rating Scale (C-SSRS) is an assessment tool that evaluates 
suicidal ideation and behavior. It rates an individual's degree of suicidal ideation on a scale, ranging 
from "wish to be dead" to "active suicidal ideation with specific plan and intent". A study member 
will conduct the assessment at screening using the Lifetime/Recent version and the Since Last 
Visit version at each safety/clinical visit. (See Appendix I and J for the Lifetime/Recent version 
and the Since Last Visit version of the C-SSRS).

8.5.10 Geriatric Depression Scale Short form (GDS-SF)

The Geriatric Depression Scale Short form (GDS-SF) is a 15-item screening tool that is used to 
identify depression in older adults. A score of 0 to 5 is normal. A score greater than 5 suggests 
depression. (See Appendix K for a copy of the Geriatric Depression Scale Short form)

8.5.11 Parkinson Anxiety Scale (PAS)

The Parkinson Anxiety Scale (PAS) is an anxiety measure scale for use in PD patients. This is a 
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12-item patient-rated scale with three subscales, subscales for persisting anxiety (5 items), episodic 
anxiety (4 items), and avoidance behavior (3 items). Items are a score on a 5-point Likert scale, 
with 0 = not or never, 1 = very mild or rarely, 2= mild or sometimes, 3= moderate or often and  4= 
severe or almost always (See Appendix L for a copy of The Parkinson Anxiety Scale).

8.5.12 RBD-Single-Question Screen (RBD1Q)

Consists of a single question, answered “yes” or “no,” as follows: “Have you ever been told, or 
suspected yourself, that you seem to ‘act out your dreams’ while asleep (for example, punching, 
flailing your arms in the air, making running movements, etc.)?” 

A positive answer is suggestive of REM Behaviour Disorder (RBD). RBD1Q can detect RBD with 
94% sensitivity and 87% specificity (See Appendix M for a copy of the RBD-Single-Question 
Screen).

8.6   Donor-specific antibodies (DSAs)

As these MSC are derived from third party donor cells, we cannot discount the possibility of 
generation of recipient anti-donor alloimmune responses. The donor MSC will be haplotyped to 
determine the HLA gene expression on these cells before they are injected. In order to monitor the 
development of immune response directed against the donor MSC, we will perform Donor-specific 
antibodies in between infusions and 6 months and 12 months after the final infusion. HLA antibody 
level will be assessed using One Lambda (West Hills, CA) LABScreen Single Antigen Bead 
(SAB) Assay evaluated on either a Luminex 200 or LabScan 3D (instruments correlated for 
clinical use). The development of alloantibody directed against donor MSC will be identified by a 
positive response post-MSC injection. In case of sensitization patients will enter a modified 
schedule for their infusions (As detailed in section 11.2.1)

8.7 Peripheral markers

 Serum and plasma samples will be stored at −80°C until further analysis.  To determine the 
proposed biological markers listed in Table 3, a Millipore Milliplex MAP® 37-plex human 
cytokine/chemokine panel and Milliplex MAP Human Neurodegenerative Disease Magnetic Bead 
Panel 3 (EMD Millipore, Billerica, MA, USA) will be used. 
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8.8 Lumbar Puncture
The same biological markers, as proposed in the peripheral markers, will be assessed in the spinal 
fluid at baseline and week 49. A qualified neurologist will perform a bedside lumbar puncture under 
sterile procedural guidelines; approximately 15-20 ccs of CSF will be collected and will take 
approximately 30-60 minutes. Afterward, the subject will remain recumbent and in observation 
at the clinical research unit (Part of the Memorial Hermann hospital) for 2 hours following the 
procedure, with fluid intake encouraged. 

8.9 Peripheral CSF and urine -synuclein oligomers:
CSF,plasma and urine will be used to assess peripheral -synuclein oligomers. Total and 
phosphorylated alpha-synuclein in plasma will be measured using ELISA and Total alpha-
synuclein in CSF and urine will be measured using Protein Misfolding Cyclic Amplification 
(PMCA)147. There is published data stating that when preformed a-synuclein aggregates are 
incubated with MSC-conditioned medium, a-synuclein aggregates become disassembled, and 
insoluble and oligomeric forms of a-synuclein are markedly decreased103. In addition, kinetic 
parameters correlated with disease severity measured by H&Y144.

8.10 Neuroimaging

We will include 3 imaging time points per patient, baseline, week 40, and week 88.  

Imaging will be collected using a 3 tesla Philips Ingenia MR scanner. A T1-weighted 
magnetization-prepared rapid acquisition turbo field echo sequence will be collected (repetition 
time/echo time TR/TE] = 8.4/3.9 ms; flip angle = 8 degrees; matrix size = 256× 256; field of view 
= 240 mm; slice thickness = 1.0 mm, sagittal acquisition). A T2-weighted turbo spin-echo volume 
acquisition (TR/TE = 2500/367 ms; echo train length 120, pixel bandwidth 380, flip angle = 90 
degrees, matrix size = 256 × 256; field of view = 240 mm, slice thickness = 0.94 mm, 186 sagittal 
slices) will also be collected. A fluid-attenuated inversion recovery (FLAIR) volume will also be 
collected (repetition time/echo time TR/TE = 4800/323 ms; inversion time = 1650 ms; echo train 
length = 182; pixel bandwidth = 957; flip angle = 90 deg; matrix size = 256 x 256; isotropic 1 mm 
voxels).  Detailed structural MRI analysis will be carried out according to Ellmore et al 2010148.  

 Perfusion MRI: We will measure resting cerebral blood flow (CBF) using a pseudo-
continuous arterial spin labeling (pCASL) MRI sequence with gradient-echo echo-planar 

Table 3.  Peripheral and CNS  Molecular Markers
Growth 
Factors

Inflammation Chemotaxis Lymphocytes Neurotransmitters
&  metabolites

Oxidative stress 
markers

Physiological
Markers

VEGF, 
BDNF, 
GDNF 

IL-1β, IL-2 IL-6, IL-17, 
TNFα, COX-2, PGE-2

CCL2 (MCP-1), CCL7 (MCP-3), 
CCL11 (Eotaxin) CCL22 (MDC), 

CXCL10 (IP-10), CX3CL1 
(Fractalkine)

IFNγ, TGFβ, 
IL-4, IL-10

5-
hydroxytryptamin

e, Homovanillic 
acid

Total 
antioxidant 

capacity

NfL
mir-7
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imaging (EPI). Arterial spin-labeled (ASL) perfusion MRI allows for noninvasive 
quantification of CBF as part of a multimodal MRI examination. It is less invasive, less 
costly, and more widely available than radionuclide methods like Xe-133 clearance or O15 
positron emission tomography. Critical parameters our acquisition protocol include the 
following TR/TE =4000/17 msec, flip angle=90 degrees, slice thickness = 5 mm, 240 mm 
field of view, slice gap = 1.0 mm, voxel resolution = 2.75x2.75x6 mm3, 30 dynamic signal 
averages, with a labeling duration of 1650 msec and a post-labeling delay of 1600 msec. ASL 
data processing and CBF calculation will be performed in AFNI. Raw ASL images will be 
co-registered to each subject’s high-resolution T1-weighted MRI. The T1 MRI will be 
segmented into gray, white, and CSF binary masks and sampled to the resolution of the raw 
ASL images. After motion correction, the ASL images will be multiplied by the gray and 
white matter masks, and global cortical gray matter and white matter images will be 
generated. Pairwise subtraction images (label minus control) will be generated for each 
dynamic after smoothing by an 8 mm full-width half-maximum kernel. Averaged difference 
images will be converted to ml/100g/min gray matter and white matter CBF maps using a 
single-compartment model 149. 

 Diffusion-weighted MRI (for DTI analysis): A set of diffusion-weighted image volumes (32-
directions, high angular resolution) will be collected using the gradient overplus option with 
one B0 (non-diffusion weighted) image volume acquired before the acquisition of one 
repetition of the diffusion-weighted scans (TR/TE = 8500/67 ms; FA =90 deg; matrix size 
128 x 128; FOV = 224 mm; 2 mm thick axial slices, b-value of 800 s/mm2). Diffusion tensor 
and associated computations will be done as specified in Ellmore et al. 2014150. Diffusion 
tensor imaging will be used to examine white matter microstructures, which represent the 
structural pathways linking specific cortical and subcortical regions. 

 Neuromelanin MRI: We will use a 2D gradient response echo sequence with magnetization 
transfer contrast (2D GREMT)151 with the following parameters: repetition time (TR) = 260 
ms; echo time (TE) = 2.68 ms; flip angle = 40°; in-plane resolution = 0.39 × 0.39 mm2; 
partial brain coverage with field of view (FoV) = 162 × 200; matrix = 416 × 512; number of 
slices = 10; slice thickness = 3 mm; slice gap = 0 mm; magnetization transfer frequency 
offset = 1,200 Hz; number of excitations (NEX) = 8; acquisition time = 8.04 min. The slice-
prescription protocol will consist of orienting the image stack along the anterior-
commissure–posterior commissure line and placing the top slice 3 mm below the floor of the 
third ventricle, viewed on a sagittal plane in the middle of the brain. This protocol will 
provide coverage of SN-containing portions of the midbrain (and cortical and subcortical 
structures surrounding the brainstem) with high in-plane spatial resolution using a short scan 
easy to tolerate by clinical populations. Whole-brain, high-resolution structural MRI scans 
will also be acquired for preprocessing of the 2D GRE-MT (NM-MRI) data: a T1-weighted 
3D BRAVO sequence (inversion time = 450 ms, TR ∼ 7.85 ms, TE ∼ 3.10 ms, flip angle = 
12°, FoV = 240 × 240, matrix = 300 × 300, number of slices = 220, isotropic voxel size = 
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0.8 mm3) and a T2-weighted CUBE sequence (TR = 2.50 ms, TE ∼ 0.98 ms, echo train 
length = 120, FoV = 256 × 256, number of slices = 1, isotropic voxel size = 0.8 mm3). 

The anatomical imaging (T1- and T2- weighted and Fluid Attenuated Inversion Recovery) data 
allow us to see brain structure at the level of about 1 cubic millimeter. We will use these scans to 
estimate the volume of subcortical structures (e.g., putamen, caudate nucleus) to measure the 
cortical thickness (e.g., gray matter density), and detect any gross structural changes or 
inflammation that appear during treatment. These structural MRI scans are also necessary to 
provide co-registration templates (to correct for movement between scans) for the ASL, DTI, and 
neuromelanin sequences described above.

9. Potential Risks:

Lumbar puncture: There is some discomfort during the lumbar puncture procedure. After a brief 
sting from the numbing medication, the subject will feel mostly pressure or occasionally tingling 
sensations. The most common side effects of a lumbar puncture are headache, nausea, vomiting, 
or fever. In our experience, approximately 1 % of patients undergoing a lumbar puncture can 
develop a refractory headache (positional). Most post LP headaches respond to lying flat and 
resting for 48 hours and drinking plenty of fluids and caffeinated beverages as tolerated. By 
definition, they are refractory if they fail to resolve after these measures are taken and an autologous 
blood patch performed by anesthesia or neuroradiology is the treatment of choice for immediate 
resolution.

Blood draw:  Blood draws, and infusions may cause discomfort, pain, and bruises at the site where 
blood is taken and sometimes causes people to feel lightheaded or to faint.

MRI scanning: All participants will be screened for metallic implants incompatible with the MRI 
environment. If a patient experiences unbearable claustrophobia inside MRI scanners, he/she will 
be removed from the scanner.  

Cognitive, neurologic, and physical exams and history: These are administered by medical 
professionals. However, there may be some subjects embarrassed or anxious due to the questions 
that must be answered.

Acute immune reactions: The PI will ensure that appropriate best clinical practices and treatment 
are initiated should an event indicating an allergic or hypersensitive reaction occur. If this occurs, 
the infusion will be stopped immediately, and the subject closely monitored until stable. The 
suggested treatment will depend upon the grading of the reaction (NCI-CTCAE criteria). The PI 
will have the support of the emergency response teams from the hospital as needed. After the 
infusion, patients will be continuously monitored for 4 more hours, and a full neurological physical 
examination will be performed before discharging the patients. In case of a severe adverse event, 
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we can get an assessment in regards to the continuation of the study from our DSMB within 24- 
48 hours.

Confidentiality:  There is a possible risk of breach of confidentiality. Records with the subject's 
name will be maintained in the CRU charts. A database with identifiers will be maintained by the 
coordinator for scheduling purposes only, and will not contain any study results.  All data will be 
kept in a password protected Redcap database. The tapes with the MDS-UPDRS section III will 
be kept in a locked office and the patients/subjects are not identified by name or any other 
identifying features.

10. Study schedule

The study will last a total of one year and 8 months (88 weeks) per patient (3 groups) and will 
include 11 clinical visits and 10 telephone evaluations (Please see section 10.3 for the study 
timeline and 10.4 for study schedule).

There are 6 types of clinical visits: Screening, Baseline, Infusion, Safety and Clinical assessment, 
unscheduled visit, and final visit plus phone call evaluations starting after the first infusion.

 Visit #1 Screening Visit (between week -12 to week -3): after signing the consent and 
discussing the purpose and timeline of the study, the PI will confirm the PD diagnosis and 
establish the current disease stage. At this visit, the CRU staff will collect blood for 
laboratory assessment. The purpose of this visit is to ensure that the patient meets the 
inclusion and exclusion criteria.

 Visit #2 Baseline visit (between week -11 to week-1): the purpose of this visit to obtain 
baseline measurements on serum, plasma, CSF, and neuroimaging.

 Visit #3 Infusion Day (week 0): First IV MSCs infusion.
 Visit #4 Clinical and Safety assessment (week 9+/-1.5 week): the purpose of this visit is to 

determine the safety and the immediate immunological, physical and neurological response 
to the first infusion. 

 Visit #5 Infusion Day (week 18+/-1 week): Second IV MSCs infusion.
Visit #6 Clinical and Safety assessment (week 27+/-1.5 week): the purpose of this visit is 
to monitor safety and the immunological, physical and neurological response to the second 
infusion.

 Visit #7 Infusion Day (week 36+/-1 week): Third IV MSC infusion
 Visit #8 Clinical and Safety assessment (week 40+/-1.5 week): the purpose of this visit is 

to monitor the safety and the immunological, physical and neurological response to the 
third infusion. Additionally, to collect enough data for our first interim analysis.
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 Visit #9 Clinical and Safety assessment (week 49+/-1.5 week): the purpose of this visit is 
to monitor the safety and the immunological, physical, and neurological response to the 
infusions.

 Visit #10: Clinical and Safety assessment (week 62+/-1.5 week): the purpose of this visit 
is to monitor the safety and the immunological, physical, and neurological response to the 
infusions.

 Visit # 11: Final visit (week 88+/-1.5 week): the purpose of this visit is to determine the 
physical and neurological response to the complete MSC treatment. 

 Unscheduled visit (between 2 to 15 days after reporting a non-live treating AE related to 
the MSC infusion): the purpose of this visit is to fully assess any adverse event or any other 
condition that the principal investigator considers vital to assess.

 Telephone or email evaluations (+/- 7 days): The purpose of this evaluation is to assess and 
document AEs. These will occur at week 1, week 4, week 13, week 19, week 23, week 31, 
week 38, week 444, week 55, and week 75.

10.1 Clinical visits

10.1.1 Screening visit: (Visit 1= between weeks -12 and -3)  

Patients will be screen in numerical order based on their assigned number. This visit will take 
approximately 3-4 hours.

Prior to performing any study activity, the subject will be thoroughly informed on all aspects of the 
study, including all scheduled visits, activities, and procedures, and will be requested to sign and 
date the IRB approved informed consent form.  

The following procedures and evaluations are to be performed at Screening visit:

 Obtain written informed consent.
 Subject ID Number assigned (2 digits number starting at 01)
 Obtain Vital Signs (orthostatic blood pressure, respiration, oxygen saturation, heart rate, 

temperature, weight, height).
 Obtain a 12 lead Electrocardiogram (EKG)
 Obtain Demographic information.
 Medical History.
 Obtain socio-economic information.
 Obtain smoking, alcohol & caffeine information.
 Review and document concomitant medications.
 Document PD diagnosis date and PD Features.
 Assess primary diagnosis/probability of PD.
 Perform general Physical Exam: general appearance, head, eyes, ears, nose, neck, and throat, 

lungs, heart, peripheral pulses, and skin.
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 Perform a complete neurological exam: orientation to self, time and place, speech observation, 
cranial nerves, strength, sensory, reflexes, gait, and cerebellar.

 Perform the MDS-UPDRS (Movement Disorders Society Unified PD Rating Scale). The 
MDS-UPDRS scale will be performed first OFF medication and then ON medication (For 
this assessment, patients will be asked to hold their current PD treatment for 12 hours prior to 
the visit). The MDS- UPDRS-III will be videotaped for rating assessment by the other two 
movement disorder specialists.

 Assess H&Y (Hoehn and Yahr scale).
 Measure TUG (Timed Up and Go Test ).
 Administer MoCA ( Montreal Cognitive Assessment).
 Provide UPSIT (University of Pennsylvania Smell identification test) for self-administration.
 Provide ADL (Schwab and England Activities of daily living score) for self-administration.
 Administer the Lifetime/Recent version of the Columbia–Suicide Severity Rating Scale (C-

SSRS).
 Provide EQ-5D-5L (EuroQol- 5Dimension).  
 Provide GDS-SF (Geriatric Depression Scale Short form).
 Provide PAS (Parkinson Anxiety Scale).
 Provide PDQ-39 (Parkinson's Disease Questionnaire) for self-administration.
 Provide RBD-Single-Question Screen (RBD1Q).
 Urine sample for Dipstick urinalysis.
 Collect a blood sample for laboratory screening: 

 Complete blood count (CBC) with differential.
 Comprehensive Metabolic Panel.
 Specialty Blood Chemistry.

 Vascular access assessment
 Lumbar access assessment
 Assess the need for change in symptomatic therapy.

A week after this visit, the principal investigator will assess subjects for study eligibility based on 
all inclusion/exclusion criteria, including the laboratory results and will determine if the patient 
will be enrolled in the study.

10.1.2 Baseline visit (Visit 2= between week -11 to week-1)

This visit will take approximately 6-7 hours. The following procedures and evaluations are to be 
performed at baseline:

 Performed Neuroimaging in the levodopa OFF state: 
 High-resolution T1- & T2-weighted MRI. 
 Perfusion MR.
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 Diffusion-weighted MRI. 
 Neuromelanin MRI. 

 Collect blood samples for:
 DSA (Donor specific antibodies). Order as HLA typing.
 Peripheral markers: Neurotransmitters, Oxidative stress, cytokines, chemokines, 

and growth factors.
 α-synuclein oligomers levels.

 Collect urine sample for α-synuclein oligomers
 Performed Lumbar Puncture and observe for 2 hours.

CSF samples for:
 CBC with differential.
 Glucose and Protein levels
 α-synuclein oligomers
 Markers: Neurotransmitters, Oxidative stress, cytokines, chemokines and growth 

factors.
 Provide verbal and written instruction regarding the infusion visit and explain the 

procedure to the patient.
 Obtain vital signs before discharge (blood pressure, respiration, oxygen saturation, heart 

rate, and temperature).

10.1.3 Infusion visits: (Visit 3= Week 0; Visit 5=Week 18+/-1 week; Visit 7=Week 36+/-1 week)

This visit will take approximately 5-6 hours. The following procedures and evaluations are to be 
performed at Infusion visit:

 Explain the procedure to the patient, including the 4-hour monitoring period.
 Obtain Vital Signs (blood pressure, respiration, oxygen saturation, heart rate, and 

temperature).
 If the urine sample was not collected during the baseline, please collect the sample at this 

visit.Review and document concomitant medications
 Perform general Physical Exam: general appearance, head, eyes, ears, nose, neck, and 

throat, lungs, abdomen, heart, peripheral pulses and skin.
 Perform a complete neurological exam: orientation to self, time and place, speech 

observation, cranial nerves, strength, sensory, reflexes, gait, and cerebellar.
 Infusion procedure: The study patient will take their regular PD meds on the infusion day 

and arrive by 8:00 am. After obtaining vital signs and performing a general and 
neurological examination, two IV lines will be started. MSCs will be infused according to 
the description provided in section 7.3. Vitals signs will be obtained at the end of the 
infusion.
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 4-hour monitoring period: After the infusion patients will be monitored for 4 hours. Vital 
signs will be checked 1 hour after the infusion, 2 hours after the infusion, and before 
discharge. A complete physical and neurological exam will be done before discharge. 

 Provide written information regarding red flags. (See Appendix N for a copy of Red Flags).

Subjects will be instructed to immediately report any adverse events to the Coordinator after their 
departure.

10.1.4 Clinical and Safety Assessment: (Visit 4 = week 9+/-1.5 week; Visit 6 = week 27+/-1.5 
week and Visit 8 = week 40+/-1.5week; Visit 9=week 49+/-1.5 week; Visit 10=week 62+/-
1.5 week)

This visit will take approximately 3-4 hours. The following procedures and evaluations are to be 
performed at Clinical and Safety Assessment visits:

 Obtain Vital Signs (orthostatic blood pressure, respiration, oxygen saturation, heart rate, 
temperature, weight). (All visits except visit 9)

 Review and document concomitant medications.
 Perform general Physical Exam: general appearance, head, eyes, ears, nose, neck, and throat, 

lungs, heart, peripheral pulses and skin.
 Perform a complete neurological exam: orientation to self, time and place, speech observation, 

cranial nerves, strength, sensory, reflexes, gait, and cerebellar.
 Assess MDS-UPDRS (Movement Disorders Society Unified Parkinson’s disease Rating 

Scale). The MDS-UPDRS-III will be videotaped for rating assessment by the other two 
movement disorder specialists. (All visits except visit 9)

 Assess H&Y (Hoehn and Yahr scale). (All visits except visit 9)
 Assess TUG (Timed Up and Go Test). (All visits except visit 9)
 Administer MoCA ( Montreal Cognitive Assessment). (Only at visit 9)
 Provide UPSIT (University of Pennsylvania Smell identification test) for self-administration. 

(Only at visit 9). This will be sent to the patient home address one week before visit 9. Each 
patient will complete the test at home and bring it for visit 9.Administer the Since last time 
version of the Columbia–Suicide Severity Rating Scale (C-SSRS). (All visits except visit 9)

 Provide ADL (Schwab and England Activities of daily living score) for self-administration.
 Provide EQ-5D-5L (EuroQol- 5Dimension).  (All visits except visit 9)
 Provide GDS-SF (Geriatric Depression Scale Short form). (All visits except visit 9)
 Provide PAS (Parkinson Anxiety Scale). (All visits except visit 9)
 Provide PDQ-39 (Parkinson's Disease Questionnaire) for self-administration. (All visits 

except visit 9)
 Collect blood samples for:

 DSA (Donor specific antibodies). Order as HLA typing. (All visits except visit 9 & 
10)
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 Peripheral markers: Neurotransmitters, Oxidative stress, cytokines, chemokines, and 
growth factors. (All visits except visit 10)

 α-synuclein oligomers levels. (Only at visit 8 &9)
 Performed Neuroimaging in the levodopa OFF state (Only at visit 8): 

 High-resolution T1- & T2-weighted MRI. 
 Perfusion MR.
 Diffusion-weighted MRI. 
 Neuromelanin MRI. 

 Performed Lumbar Puncture and observe for 2 hours (Only at visit 9)
 Collect urine sample for α-synuclein oligomers (Only at visit 9)
 CSF samples for:

 CBC with differential.
 Glucose and Protein levels
 α-synuclein oligomers
 Markers: Neurotransmitters, Oxidative stress, cytokines, chemokines, and growth 

factors.
 Review DSA results from the previous visit. (Only at visit 4 & 6):
 Assess the Need for change in symptomatic therapy. 

10.1.5  Final visit: (Visit 11= Week 88 +/-1.5 week) OR Early termination visit

The following procedures and evaluations are to be performed at the final visit:

 Obtain Vital Signs (orthostatic blood pressure, respiration, oxygen saturation, heart rate, 
temperature, weight).

 Review and document concomitant medications.
 Perform general Physical Exam: general appearance, head, eyes, ears, nose, neck, and throat, 

lungs, heart, peripheral pulses and skin.
 Perform a complete neurological exam: orientation to self, time and place, speech 

observation, cranial nerves, strength, sensory, reflexes, gait, and cerebellar.
 Assess changes in diet, physical activity and sleep patterns during the study.
 Asses Covid-19 disease during the study 
 Assess MDS-UPDRS (Movement Disorders Society Unified Parkinson’s disease Rating 

Scale). The MDS-UPDRS-III will be videotaped for rating assessment by other two-
movement disorder specialists. 

 Assess H&Y (Hoehn and Yahr scale).
   Assess TUG (Timed Up and Go Test).
 Administer MoCA (Montreal Cognitive Assessment).
 Provide UPSIT (University of Pennsylvania Smell identification test) for self-administration.
 Administer the Since last time version of the Columbia–Suicide Severity Rating Scale (C-

SSRS).
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   Provide ADL (Schwab and England Activities of daily living score) for self-administration.
   Provide EQ-5D-5L (EuroQol- 5Dimension).  
   Provide GDS-SF (Geriatric Depression Scale Short form).
   Provide PAS (Parkinson Anxiety Scale).
 Provide PDQ-39 (Parkinson's Disease Questionnaire) for self-administration.
 Provide RBD-Single-Question Screen (RBD1Q).
 Urine sample for Dipstick urinalysis.
 Collect blood samples for:

 DSA (Donor specific antibodies)- Order as HLA typing. 
 Peripheral markers: Neurotransmitters, Oxidative stress, cytokines, chemokines, and 

growth factors. 
 α-synuclein oligomers levels. 

 Collect urine sample for α-synuclein oligomers
 Assess the Need for change in symptomatic therapy. 

10.2 Telephone or email evaluations

These will occur at week 1, week 4, week 13, week 19, week 23, week 31, week 38, week 44, 
week 55, and week 75. In order to maintain continuous monitoring of the presence of AEs after 
the infusion visit, patients would either receive a phone call or an email to monitor signs or 
symptoms of adverse reactions to the transfusion, at regular intervals until the study end, with a 
total of 10 evaluation calls/emails (See appendix O for a copy of the Telephone evaluation form). 
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10.3 Study Timeline 
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10.3 Study Schedule

*Specialty labs include INR, PT, and PTT.
**CSF for CBC + diff, glucose, protein, Neurotransmitters, Oxidative Stress Markers, α-synuclein oligomers, Cytokines, Chemokines, and Growth Factors.
*** Serum for Neurotransmitters, Oxidative Stress Markers, Cytokines, Chemokines, and Growth Factors.

Treatment Period Follow up Period

Screen
visit

BL INF 1
Safety/
Clinical

INF 2
Safety/
Clinical

INF 3
Safety/
Clinica

l

Safety/
Clinica

l

Safety/
Clinical

Final 
visit

Un-
schedule

d visit

Early 
termina

tion 
visit

VISIT # 1 2 3 4 5 6 7 8 9 10 11

WEEKS
Week 
-12 to 

week -3

Week -
11 to 

week -1
0

Week 9
+/-  

1.5 week

Week 18
+/-  

1 week

Week 27
+/-  

1.5 week

Week 36
+/- 

 1 week

Week 40 
+/-  
1.5 

week

Week 49
+/-  
1.5 

week  

Week 62
+/-  

1.5 week

Week 88
+/-  
1.5 

week

Demographics, EKG,  Specialty 
labs* X

Physical and neurological 
examination. Meds review X X X X X X X X X X X X

Vital Signs X X X X X X X X X X X X X
UPSIT & MOCA X X X X

MDS- UPDRS, TUG,  H&Y (OFF) X X X X X X X
MDS-UPDRS On XC

lin
ic

al
 A

ss
es

sm
en

t

Questionnaires: ADL, PAS, GDS, PDQ-
39,  C-SSRS,  EQ-5D-5L, NMS X X X X X X X

Lumbar puncture** X X
CBC with differential and CMP X X X X X X

Dipstick UA X X
Blood*** for peripheral markers X X X X X X X

Plasma α-synuclein oligomers X X X X XLa
bo

ra
to

ry

Donor Specific Antibodies X X X X X X
Infusion procedure and 4 hours 

Observation X X X

Neuroimaging X X X X
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11. Potential adverse events

11.1 Infusion-Related Allergic Reactions

The investigators will ensure that appropriate best clinical practices and treatment are initiated 
should an event indicating an allergic or hypersensitive reaction occur. Each event will be recorded 
as an AE or SAE, depending on which criteria are met by the event. The start and stop/restart times 
must be recorded in the CRF.

Should an infusion-related allergic reaction occur the infusion will be stopped immediately, and 
the subject closely monitored until stable. An infusion-related allergic reaction may appear as 
flushing, sudden rash, or shortness of breath or difficulty breathing.

Definitions and grading will follow the current NCI-CTCAE criteria. The current definitions and 
suggested treatment plans for an infusion-related allergic reaction are listed below:

Grade 1: 
Mild transient reaction
1. Stop infusion and evaluate for severity. If reaction remains a grade 1, then restart at a reduced 

rate.
2. Reduce infusion rate by 50%, 
3. Treat subject per good clinical practice (suggest antihistamines, corticosteroids, etc. as 

medically indicated) and monitor for worsening condition.
4. If the reaction persists or worsens, the infusion will be discontinued.

Grade 2: 
Readily responds to clinical treatment (e.g., antihistamines, corticosteroids); should consider 
prophylactic treatment for ≤24 hours.
1. Pause infusion for up to 2 hours (product should not be infused after 4hours). 
2. Administer clinical treatment for the allergic reaction as medically indicated.
3. Resume infusion at 50% of the previous rate once the reaction has decreased to Grade 1 in 

severity. Monitor closely for any worsening.
4. If the reaction reoccurs, stop the infusion. Study treatment is to be discontinued.

Grade 3: 
Prolonged or severe reaction (e.g., not rapidly responsive to treatment or a recurrence of reaction 
after an initial improvement of a Grade 1 or Grade 2 reaction).
1. Discontinue infusion immediately. Study treatment is to be discontinued
2. Administer clinical treatment for the allergic reaction as medically indicated.
3. Report as an SAE
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Grade 4: 
Characterized as life-threatening AE; urgent intervention indicated to maintain hemostasis.
1. Discontinue infusion immediately. Study treatment will be discontinued.
2. Administer clinical treatment for the allergic reaction as medically indicated.
3. Report as an SAE

11.1.2 Algorithm for response in case of an allergic reaction.

Patient exhibiting features of 
acute reaction?

Stop transfusion  and classify 
reaction

Severe= life threatening
Hypo or hyper-tension, Tachy or 

bradycardia, dyspnea

Initiate resuscitation, start  IV  
fluids

Differential diagnosis: 
Anaphylaxis / Infection

Continue monitoring of: Vital 
signs, oxygen saturation, urinary 

output

Moderate=
Temperature >39 °C

Generalized flushing, pain at IV 
site, dyspnea, nausea or general 

malaise.

Pause infusion, continue vital 
sign monitoring and treat 

symptoms (antihistamines, 
corticosteroids)

After 2 hours re-start 
transfusion at a slower rate

Mild=
Temperature between 38°C and 

39°C
 Localized rash or pruritus 

Re-start transfusion at a slower 
rate

Consider symptomatic 
treatment (antihistamines, 

corticosteroids)

If symptoms persist discontinue 
transfusion

Fever, chills, tachycardia, 
hyper/hypotension, generalized 
flushing, urticaria, pain at IV site, 

dyspnea, nausea, general malaise, 
angio-edema.
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11.2 Sensitization to Donor Specific Antibodies (DSA).

There is a possibility of anti-donor alloimmune response after the first or second infusion of MSC, which might lead to a subsequent 
antibody-mediated rejection (AMR) with the following infusion. IF DSA are identified at either week 8 or 21 patients would be put on 
hold of their regular schedule on infusions and the PI will follow the algorithm describes in 11.2.1.

11.2.1 Algorithm for DSA response

Did the patient 
develop DSA in week 

9 or week 27?

Yes

If DSA at week 
9, repeat DSA 
at week 16.

If DSA persist at week 
16, skip 2nd infusion 

and repeat DSA at week 
27.

If DSA  persist at week 
27, skip 3rd infusion and 
continue regular follow-

up.

If DSA disappears at 
week 27, proceed with 

3rd infusion and 
continue regular follow-

up.

If DSA disappears at 
week 16, proceed with 

2nd infusion and 
continue regular 

schedule.

If DSA at week 
27, repeat DSA 

at week 34.

If DSA  persist at week 
34, skip 3rd infusion and 
continue regular follow-

up.

If DSA disappears at 
week 34, proceed with 

3rd infusion and 
continue regular follow 

up.
No

Continue with 
regular 

schedule.
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12. Management of adverse events

12.1 Adverse Events definitions

An Adverse Event (AE) will be defined as any unfavorable and unintended sign, symptom, or 
disease that occurs during the study, or is present at baseline and significantly worsens following 
the start of MSCs Infusion or any study procedure.  Any AE that occurs prior to the first MSCs 
infusion will be considered part of the subject’s medical history. AEs may include abnormal 
laboratory findings or other abnormal assessments (e.g., laboratory screening, vital signs, etc.). 
Accidental traumas are not considered SAEs but the medical condition resulting from the trauma 
may be an AE or SAE (e.g., a fracture resulting from a fall).

12.2 Serious Adverse Events (SAEs)

All serious adverse events (SAE) will be reported to the PI or the study coordinator. An SAE is 
any untoward medical occurrence that: 
a. Results in death.
b. Is life-threatening: referring to an event in which the subject was at risk of death at the time of 

the event. It does not refer to an event, which hypothetically might have caused death if it were 
more severe or left untreated.

c. Requires hospitalization or prolongation of existing hospitalization. NOTE: Hospitalization 
describes an admission for > 24 hours. Over-night stays for observation or stays at the 
emergency room do not constitute hospitalization. However, the medical judgment must 
always be exercised and, when in doubt, should be considered an SAE. Any medical/surgical 
complications which prolong the hospitalization are SAEs. Hospitalization for elective 
treatment or for a pre-existing condition that did not worsen from baseline is not considered an 
AE. 

d. Results in disability/incapacity. NOTE: The Investigator must determine that the disability is 
not related to the expected progression of the patient Parkinson’s disease. Also, the term 
disability means a substantial disruption of a person’s ability to conduct normal life functions. 
This definition is not intended to include experiences of relatively minor medical significance 
such as uncomplicated headache, nausea, vomiting, diarrhea, and infections which may 
temporarily interfere or prevent everyday life functions but do not constitute a substantial 
disruption.

e. AEs that occur in a higher frequency than can be expected in the PD population.
f. Any event that the Primary Investigator judges to be an SAE.
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12.3 AE Relationship

• Definitely related: symptoms experienced a temporal sequence from MSC administration or 
discontinuance. 

• Probably related: symptoms experienced a temporal sequence from MSC administration or 
discontinuance and cannot be reasonably explained by another known clinical condition.

• Possibly related: symptoms experienced a temporal sequence from MSC administration or 
discontinuance but could have been produced by another known clinical condition or by other 
therapies administered to the subject.

• Unlikely related: The temporal sequence between the AE/SAE and the MSC administration 
is such that the infusion is not likely to have had any reasonable association with the 
symptoms, and the AE/SAE could have been produced by another known clinical condition 
or by other therapies administered to the subject. 

• Unrelated: The AE/SAE is definitely produced by another known clinical condition or by 
other therapies administered to the subject, and the AE does not follow a temporal sequence 
from MSC administration or discontinuance.

12.4 AE/SAE Reporting

AE/SAE will be documented at each clinic visit starting at visit 3.  Information on adverse effects 
will be determined at each clinic visit by direct questioning of the subjects, vital signs, clinical 
assessment, laboratory test, and by interval telephone evaluations starting 1 week after the first 
infusion using a set of questions to identify symptoms or signs related to an adverse event and will 
continue through the rest of the study.

The PI, with the assistance of her study team, will be responsible for the detection and 
documentation of events meeting the criteria and definition of an AE or SAE as provided in this 
protocol.  For each AE and SAE, the PI will make an assessment of:

1. The severity grade (CTCAE criteria).
2. The duration (start and end dates or if continuing at the Safety Follow-up Visit).
3. Its relationship to the study treatment (Reasonable possibility that AE is related: No, Yes). 

The investigator will use clinical judgment to determine the relationship, alternative causes 
(e.g. the natural history of an underlying disease, concomitant therapy, other risk factors), and 
the temporal relationship of the AE to the infusion procedure will be considered and 
investigated.

4. Action taken with respect to study or investigational treatment (none, dose adjusted, 
temporarily interrupted, permanently discontinued, hospitalized, unknown, not applicable).

5.  Whether medication or therapy was given (no concomitant medication/non-drug therapy, 
concomitant medication/non-drug therapy).
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6. Outcome (not recovered/not resolved, recovered/resolved, recovering/resolving, 
recovered/resolved with sequelae, fatal, unknown).

7.   Whether it is serious, where a serious adverse event (SAE) is defined as in Section 12.2.

All Adverse events that meet all three definitions described above of a Suspected (related or 
possibly related to study drug or participation in the research), Unexpected and Serious Adverse 
Reaction (SUSAR) must be reported as soon as possible but no later than 7 calendar days after 
the investigator’s initial receipt of the information, to the University of Texas Health Science 
IRB and the FDA. If the SUSAR report involves the death of a participant, the event needs to be 
reported to IRB/FDA within 24 hours after first knowledge by the investigator via facsimile or 
email or by telephone. Annually a list of all AEs & SAEs will be complied in an approved format 
and will be submitted to the FDA as part of the IND Annual FDA Report.

12.5 Follow-up AEs and SAEs

All AEs and SAEs documented at a previous visit and designated as on-going, will be reviewed 
at subsequent visits until resolved or at the time of the subject’s end of study participation. All 
SAEs that the primary investigator determines is related to the study will be followed until 
resolution, until the condition stabilizes, until the event is otherwise explained, until the subject 
is lost to follow-up or until the patient has completed their study follow up period. Once resolved, 
the appropriate AE/SAE forms page(s) will be updated in the CRF and the IRB will be updated 
as appropriate. 

13. Study Modification/Discontinuation

The study may be modified or discontinued at any time by the IRB, the DSMB or the FDA as 
part of their duties to ensure that research subjects are protected

13.1 Subject Withdrawal or Termination

Subjects’ participation is considered complete after the final visit at 78 weeks. However, subjects 
may withdraw from the study at any time for any reason, without any consequence.  

In addition, a subject may be withdrawn from the study by the investigator for reasons including 
the following:

1. Lost to follow-up
2. Adverse Event (AE) or Serious Adverse Event (SAE)
3. Patient choice (withdrawal of consent; the investigator will attempt to ascertain reason)
4. Protocol violation/non-compliance
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5. Investigator’s decision to terminate the study
6. Development of a new co-morbid neurological, medical or psychiatric disorder that interferes 

with the measurement of disease progression.

Subjects are free to withdraw at any time. The primary reason for withdrawals from the study will 
be recorded in the study exit form.  Subjects who withdraw or are withdrawn will be encouraged 
to complete an Early Termination Visit.  Although subjects are free to withdraw at any time, 
subjects will be encouraged to remain in the study for follow- up evaluations. Subjects who 
withdraw will be discontinued from all study procedures and will be encouraged to return to their 
primary neurologist for follow-up care.

13.2 Lost to Follow-up

If a subject fails to appear for any visit, three attempts on separate occasions will be made by 
telephone and/or e-mail to contact the subjects, if there is no response this should be followed by 
a certified letter to the last known address. The contact attempts will be recorded on the study exit 
form. Every effort will be made to determine the subject’s health status and document the subject 
outcome if possible.

13.3 Screen Failures 

Screen Failures are defined as any patient who has been consented but fails to continue to meet 
inclusion/exclusion criteria prior to the MSCs infusion. Any patient that discontinues the study 
subsequent to the infusion will be a study patient withdrawal.

14. Statistical Considerations

Bayesian Statistical Methods. Developing effective neurological interventions requires 
incremental improvement of theoretically sound treatments based on systematically accruing 
data.  Indeed, addressing the so-called “Pipeline Problem” in developing clinical applications, the 
FDA has indicated that Bayesian statistics offers one avenue for improved methodological 
efficiency152. Decision-making based on an initial treatment trial is assisted by estimates of the 
probability of an effect of some specified magnitude.  These statements, not part of the 
conventional, Frequentist statistical lexicon, are accessible via Bayesian approaches, particularly 
with small sample sizes. 
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14.1 Blinding and Randomization

This is a double-blind placebo-controlled study. Subjects and site personnel will be blinded to the 
randomization assignment except for one study person who will be authorized to randomize and 
keep the blind (or break the blind if needed). Subjects will be randomized to receive any of the 3 
treatment arms in 1:1:1 ratio using a computer table randomization method by the statistician 
prior to the blinded study treatment. 

14.2 Sample Size: 

Having demonstrated the safety of MSC Therapy in a previous study, sample size justification 
will focus on Hypothesis 1.1. Schulman et al153 define small, medium, and large clinically 
important differences on the UPDRS- Motor-as 2.5, 5.2, and 10.8 points respectively.  These 
correspond to Cohen’s d = 0.19, 0.39 and 0.81 respectively.  Current estimates assume N = 45 
participants randomized in 1:1:1 fashion to three conditions and a medium effect size (M-UPDRS 
difference = 5.2). We stipulate that relative to placebo if any treatment has a posterior probability 
> 0.70 of conferring improvement (MDS-UPDRS-M difference > 0) and a median posterior 
estimate of the effect size at least as large as an MDS-UPDRS-M difference of 2.5 (i.e. a small 
effect), that this treatment is eligible for continued investigation in a larger clinical trial.  Under 
these assumptions, M = 1000 Monte Carlo simulations using the normal approximation to the 
posterior distribution indicate that the proposed design will identify an effect of treatment 72% of 
the time.     

14.3 Statistical analysis

Hypothesis 1.1. At least one active MSC group will demonstrate improved scores (≥ -5) relative 
to placebo at 62 weeks follow-up.  Generalized linear modeling will evaluate the MDS-UPDRS 
motor section as a function of treatment.  Application of the decision-rules, discussed in the 
Sample Size Section, to the resulting posteriors will identify the candidate doses that warrant 
further investigation.

Hypothesis 2.1. Generalized linear modeling will characterize serious adverse reactions, 
significant worsening of general and motor functional state, activities of daily living, and 
peripheral immunologic responses.  In each case, the subtraction of the posterior distribution for 
the treatment condition from the posterior distribution of the placebo condition will permit 
estimates of the posterior probability that the active condition is better than or equal to the control. 
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Hypothesis 2.2. Generalized linear modeling will estimate the improvement in motor function, 
disability, quality of life, non-motor symptoms, cognitive and behavioral symptoms as a function 
of treatment. 

Hypothesis 3.1. Bayesian, multilevel structural equation modeling will evaluate the degree to 
which cytokines, chemokines, growth factors, and neurotransmitters transmit the effect of 
treatment to the MDS-UPDRS motor section at 62 weeks.

Hypothesis 3.2. Separate multilevel generalized linear modeling to account for correlations due 
to repeated observations within participants will evaluate the MDS-UPDRS motor section as a 
function of time and time-varying covariates, including kinetic parameters of αSyn-PMCA in 
plasma and CSF before and after treatment.

14.4 Interim analyses 

At Week 29 will mirror those at trial completion, but only for those outcomes on which data has 
been collected at that point:

Hypothesis 1.1. At least one active MSC group will demonstrate improved scores (≥ -5) relative 
to placebo at 40 weeks follow up.  Generalized linear modeling will evaluate the motor MDS-
UPDRS as a function of treatment.  

Hypothesis 2.1. Generalized linear modeling will characterize severe adverse reactions, significant 
worsening of general and motor functional state, activities of daily living, and peripheral 
immunologic responses.  In each case, the subtraction of the posterior distribution for the treatment 
condition from the posterior distribution of the placebo condition will permit estimates of the 
posterior probability that the active condition is better than or equal to the control. 

Hypothesis 2.2. Generalized linear modeling will estimate the improvement in motor function, 
disability, quality of life, non-motor symptoms, cognitive and behavioral symptoms as a function 
of treatment. 

Hypothesis 3.1. Bayesian, multilevel structural equation modeling will evaluate the degree to 
which cytokines, chemokines, growth factors, and neurotransmitters transmit the effect of 
treatment to the MDS-UPDRS at 40 weeks.

Hypothesis 3.2. Separate multilevel generalized linear modeling to account for correlations due to 
repeated observations within participants will evaluate MDS-UPDRS Motor as a function of time 
and time-varying covariates, including kinetic parameters of αSyn-PMCA in plasma and CSF 
before and after treatment.

While multiple analyses often require correction for Type I Error, the Bayesian approach to 
analysis, because it obeys the likelihood principle, does not require this.  Moreover, given the 
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degree of uncertainty that will exist in the form of the posterior distribution variances, the primary 
concern will be with brining the trial to a premature conclusion for lack of benefit, when in fact, 
such benefit does exist (Type II Error).

15. Data collection and management

15.1 Records to Be Kept

The master trial file will include but not be limited to source documents, monitoring visit logs, 
regulatory documents, investigator and coordinators CVs and appropriate certifications, and 
correspondence pertaining to the trial. Source data is defined as all information in original records 
of clinical findings, observations, copies or other activities occurring in a clinical trial. These 
source data are necessary for the data quality of the clinical trial.

15.2 Data Management

The Principal investigator will complete an enrollment log to permit the identification of each 
subject and will file the master log in the study file. Additionally, the research coordinator will 
create a chart for each subject in which all CRF data will be recorded. The Chart will be protected 
with HIPAA compliant techniques. The research scientist will create a database in REDCap that 
meets all verification and validation requirements of FDA rule 21 CFR 11, including reference to 
all pertinent FDA-provided guidelines. The study will use a REDcap database to store the de-
identified information of all the visits for each subject. 

Source Data and Documentation

Source documentation will be available to confirm data collected in the CRF and for resolution 
of SAE/AEs. A photocopy of the Label (s) on the Cell bag must be retained in the Coordinators 
source document binder but the bag may be discarded per hospital standard for blood products. 
Additionally, a chart of copied progress notes, vital sign records, imaging and lab result from the 
observation period must be retained in the study documents to verify presence or absence of AEs. 
A common term for this chart is “Shadow Chart” since it shadows the actual patient chart. The 
Shadow Chart must be protected with the same HIPAA compliant techniques as actual charts are 
protected. Data from any subsequent admission need only be retained as it applies to AEs.  

CAGT Documentation

Records are kept of all of the items that are cited. These include:
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• Donor identity
• Donor infectious disease testing as indicated in the CMC section
• Risk behavior questionnaire
• Health evaluation for donation
• Former donor eligibility declaration
• Records of all cell culture procedures
• Results of all in-process and release tests as described in the CMC section

Cells are stored according to Standard Operating Procedures using a formal inventory system that 
includes the sample identity, date of cryopreservation, sample location, donor identification, and 
passage number. 

Data Quality Assurance

The Study PI or designee will conduct ongoing subject data quality assurance audits.  The audit 
may include, but will not be limited to, a review of all subject ICFs, a review of CRFs and source 
documents, a review of regulatory documents, an assessment of trial conduct, and compliance. 
Data quality will be maintained by establishing a written Data Management Plan describing all 
applicable aspects of the data management process including: Developing a database that meets 
all verification and validation requirements of FDA rule 21 CFR 11, including reference to all 
pertinent FDA-provided guidelines.  

16. Data safety monitoring board (DSMB)

An independent DSMB will monitor the conduct of the trial and subject safety based on the review 
of the aggregate data one-month post each infusion. The DSMB will review the aggregate data 
after each infusion of the initial 22 patients and determine the safety to proceed to the next infusion.  
The DSMB will review the aggregate data for all the patients in order to determine safety regarding 
neurological and physical status.  At any review, the DSMB may recommend the study continues 
as per protocol or recommend changes to the protocol or the conduct of the study.  The DSMB can 
recommend suspension or study termination at any time for any reason. 

The DSMB Plan will be formulated and agreed upon by the Primary Investigator and DSMB 
Board.  The DSMB will be notified within 24 hours of an SAE.  All or the majority of the DSMB 
members will meet to discuss the SAE report promptly.

Mandatory Unscheduled DSMB Review: 
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Study suspension is defined as a hold on recruitment. The following criteria require a review and 
a recommendation from the DSMB for continuation, suspension or termination of the study:

• Unexpected significant worsening of functional motor state as documented by a change at 6 
months in: the MDS-UPDRS total score of > 10 points or > 5 points for the motor MDS- 
UPDRS subscale or an increase in H&Y of 1 or more. 

• An SAE related or possibly-related to the infusion, occurring at any time post-dosing
• 2 possibly-related or related, unexpected, Grade 3 or higher Infusion-Related Allergic 

Reactions observed per 3 treated subjects at any time post-infusion.

17. Intellectual Property and data sharing:  

As a naturally occurring unmodified cell that exists in the bone marrow, our proposed 
mesenchymal stem cells cannot be patented (Leahy–Smith America Invents Act (AIA), Pub. L. 
112-29, sec. 33(a), 125 Stat. 284). The MSC manufactured rights belong to the Center for Cell 
and Gene Therapy at Baylor College of Medicine. All the biospecimens, neuro-imaging, and 
measurements collected for this study are considered the intellectual property of the University 
of Texas Health Science Center at Houston. 

The results of this study will be published in a scientific journal and will be presented at national 
and international scientific meetings. A summary of the results will be available in clinical 
trial.gov, Research Match, and Fox Trial Finder website. Additionally, we will send a newsletter 
to our patients at the end of the study. 

18. Ethics

This protocol will be submitted and review by the local Institutional Review Board:

The Committee for the Protection of Human Subjects
The University of Texas Health Science Center at Houston 
6410 Fannin Street, Suite 1100
Houston, Texas 77030
Institutional Official: Anne Dougherty, MD FWA# 00000667
IRB Registration Numbers: IRB00000308, IRB00003763, IRB00004604, IRB00008445

In addition, the study will be conducted according to the standards that meet Good Clinical 
Practice (GCP). These standards respect the following guidelines:

1. Guideline for Good Clinical Practice (International Conference on Harmonization ICH of 
Technical Requirements for the Registration of Pharmaceuticals for Human Use).

2. United States (US) Code of Federal Regulations (CFR) dealing with clinical studies (21 CFR 
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Parts 50, 54, 56, 312, 314, and 511).
3. Declaration of Helsinki, concerning medical research in humans (“Recommendations Guiding 

Physicians in Biomedical Research Involving Human Subjects,”) Helsinki 1964, amended 
Tokyo 1975, Venice 1983, Hong Kong 1989 and revised version of Somerset West, Republic 
of South Africa, October, 1996, Note of Clarification added by the WMA World Medical 
Association General Assembly, Washington 2002, Note of Clarification added by the WMA 
General Assembly, Tokyo 2004

19. Consent

The consent form will describe the purpose of the study, the procedures to be followed, and the 
risks and benefits of participation. Potential subjects are to be fully explained the protocol and 
study procedures and allowed them to ask any questions. All subjects must sign the IRB approved 
informed consent form before performing any study-related activity (including screening 
activities). For subjects who cannot consent for themselves the legally authorized representative 
(LAR) must sign the consent form. The original signed consent form is to be placed in the subject’s 
study file. A copy of the signed consent form is to be given to subjects or LAR for their records. 
 
Prior to obtaining written informed consent, subjects will be asked to be in the OFF- medication 
state (i.e. hold PD medications) for at least 8-12 hours before coming to the screening visit 
appointment. Subjects will be asked to bring their PD medications to the CRU. After performing 
an OFF-state neurological exam (Modified H&Y and MDS-UPDRS), subjects will be asked to 
take their PD medications with a snack, wait for an hour, and then the motor section of the MDS-
UPDRS) will be repeated in the ON-medicine state to assess improvements in motor symptoms. 
Subjects will be emailed written instructions on how to prepare for the screening visit and their 
response will be considered as their willingness and verbal consent to preparation. 

20. Contacts
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Appendix A. UK PARKINSON’S DISEASE BRAIN BANK CRITERIA
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Appendix B. Modified Hoehn and Yahr
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Appendix F. Modified Schwab and England Activities of Daily Living Scale (ADL)
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Appendix G. Parkinson's disease Questionnaire (PDQ-39)
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Appendix H. EQ-5D-5l

IRB NUMBER: HSC-MS-20-0150
IRB APPROVAL DATE: 03/08/2024



74

IRB NUMBER: HSC-MS-20-0150
IRB APPROVAL DATE: 03/08/2024



75

Appendix I.  C-SSRS, Lifetime version

COLUMBIA-SUICIDE SEVERITY

RATING SCALE

(C-SSRS) 

Lifetime Recent - Clinical

Version 1/14/09

 
Posner, K.; Brent, D.; Lucas, C.; Gould, M.; Stanley, B.; Brown, G.; Fisher, P.; Zelazny, J.; Burke, 

A.; Oquendo, M.; Mann, J. 

Disclaimer:

This scale is intended to be used by individuals who have received training in its administration. The 
questions contained in the Columbia-Suicide Severity Rating Scale are suggested probes. Ultimately, 

the determination of the presence of suicidal ideation or behavior depends on the judgment of the 
individual administering the scale.

Definitions of behavioral suicidal events in this scale are based on those used in The Columbia 
Suicide History Form, developed by John Mann, MD and Maria Oquendo, MD, Conte Center for the 
Neuroscience of Mental Disorders (CCNMD), New York State Psychiatric Institute, 1051 Riverside 
Drive, New York, NY, 10032. (Oquendo M. A., Halberstam B. & Mann J. J., Risk factors for suicidal 
behavior: utility and limitations of research instruments. In M.B. First [Ed.] Standardized Evaluation 
in Clinical Practice, pp. 103 -130, 2003.)

For reprints of the C-SSRS contact Kelly Posner, Ph.D., New York State Psychiatric Institute, 1051 
Riverside Drive, New York, New York, 10032; inquiries and training requirements contact 
posnerk@nyspi.columbia.edu
© 2008 The Research Foundation for Mental Hygiene, Inc.
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SUICIDAL IDEATION

Ask questions 1 and 2.  If both are negative, proceed to “Suicidal Behavior” 
section. If the answer to question 2 is “yes”, ask questions 3, 4 and 5.  If the 
answer to question 1 and/or 2 is “yes”, complete “Intensity of Ideation” section 
below.

Lifetime: 
Time He/She 
Felt Most 
Suicidal

Past 1 
month

1.  Wish to be Dead 

Subject endorses thoughts about a wish to be dead or not alive anymore, or wish to fall asleep and 
not wake up. 

Have you wished you were dead or wished you could go to sleep and not wake up? 

If yes, describe:

Yes       No

□    □

Yes     No

□   □

2.  Non-Specific Active Suicidal Thoughts

General non-specific thoughts of wanting to end one’s life/commit suicide (e.g., “I’ve thought about 
killing myself”) without thoughts of ways to kill oneself/associated methods, intent, or plan during 
the assessment period. 

Have you actually had any thoughts of killing yourself?

If yes, describe:

    Yes       No

    □    
□

Yes     No

□   □

3.  Active Suicidal Ideation with Any Methods (Not Plan) without Intent to Act

Subject endorses thoughts of suicide and has thought of at least one method during the assessment 
period. This is different than a specific plan with time, place or method details worked out (e.g., 
thought of method to kill self but not a specific plan).  Includes person who would say, “I thought 
about taking an overdose but I never made a specific plan as to when, where or how I would actually 
do it…and I would never go through with it.” 

Have you been thinking about how you might do this?

If yes, describe:

    Yes      No

 □    □

Yes     No

□   □

4.  Active Suicidal Ideation with Some Intent to Act, without Specific Plan

Active suicidal thoughts of killing oneself and subject reports having some intent to act on such 
thoughts, as opposed to “I have the thoughts but I definitely will not do anything about them.”

Have you had these thoughts and had some intention of acting on them? 

If yes, describe:

   Yes      No

□    □

Yes     No

□   □
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5.  Active Suicidal Ideation with Specific Plan and Intent

Thoughts of killing oneself with details of plan fully or partially worked out and subject has some 
intent to carry it out.

Have you started to work out or worked out the details of how to kill yourself? Do you intend to 
carry out this plan?

                                                                       

If yes, describe:

   Yes       No

 □    □

Yes     No

□   □

INTENSITY OF IDEATION
The following features should be rated with respect to the most severe type of ideation 
(i.e., 1-5 from above, with 1 being the least severe and 5 being the most severe). Ask 
about time he/she was feeling the most suicidal. 

                                  

Lifetime - Most Severe Ideation:  _______                  
________________________________________

                                                          Type # (1-5)                                                          Description of  Ideation

Recent - Most Severe Ideation:  _______                   
________________________________________

                                                      Type # (1-5)                                                           Description of  Ideation

Most 
Severe

Most 
Severe

Frequency

How many times have you had these thoughts? 

(1) Less than once a week    (2) Once a week   (3)  2-5 times in week    (4) Daily or almost daily    
(5) Many times each day

____ ____

Duration

When you have the thoughts how long do they last?

(1) Fleeting - few seconds or minutes                                                 (4) 4-8 hours/most of day

(2) Less than 1 hour/some of the time                                                 (5) More than 8 
hours/persistent or continuous

(3) 1-4 hours/a lot of time

____ ____
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Controllability

Could/can you stop thinking about killing yourself or wanting to die if you want 
to?

(1) Easily able to control thoughts                                                      (4) Can control thoughts  with 
a lot of difficulty

(2) Can control thoughts with little difficulty                                     (5) Unable to control thoughts

(3) Can control thoughts with some difficulty                                    (0) Does not attempt to 
control thoughts

____ ____

Deterrents

Are there things - anyone or anything (e.g., family, religion, pain of death) - that 
stopped you from wanting to die or acting on thoughts of committing suicide?

(1) Deterrents definitely stopped you from attempting suicide            (4) Deterrents most likely 
did not stop you 

(2) Deterrents probably stopped you                                                    (5) Deterrents definitely did 
not stop you 

(3) Uncertain that deterrents stopped you                                             (0) Does not apply

____ ____

Reasons for Ideation

What sort of reasons did you have for thinking about wanting to die or killing 
yourself?  Was it to end the pain or stop the way you were feeling (in other words 
you couldn’t go on living with this pain or how you were feeling) or was it to get 
attention, revenge or a reaction from others? Or both?

(1) Completely to get attention, revenge or a reaction from others       (4) Mostly to end or stop 
the pain (you couldn’t go on

(2) Mostly to get attention, revenge or a reaction from others                     living with the pain or 
how you were feeling)

(3) Equally to get attention, revenge or a reaction from others               (5) Completely to end or 
stop the pain (you couldn’t go on 

       and to end/stop the pain                                                                         living with the pain or  how 
you were feeling)

                                                                                                                 (0)  Does not apply

____

____

SUICIDAL BEHAVIOR

(Check all that apply, so long as these are separate events; must ask about all 
types)

Lifetime
Past 3 

months
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Actual Attempt: 

A potentially self-injurious act committed with at least some wish to die, as a result of act. Behavior 

was in part thought of as method to kill oneself. Intent does not have to be 100%.  If there is any 
intent/desire to die associated with the act, then it can be considered an actual suicide attempt. 
There does not have to be any injury or harm, just the potential for injury or harm. If 
person pulls trigger while gun is in mouth but gun is broken so no injury results, this is considered an 
attempt.  

Inferring Intent: Even if an individual denies intent/wish to die, it may be inferred clinically from the 
behavior or circumstances. For example, a highly lethal act that is clearly not an accident so no other 
intent but suicide can be inferred (e.g., gunshot to head, jumping from window of a high 
floor/story). Also, if someone denies intent to die, but they thought that what they did could be 
lethal, intent may be inferred. 

Have you made a suicide attempt?

Have you done anything to harm yourself?

Have you done anything dangerous where you could have died?

What did you do?

Did you______ as a way to end your life? 

Did you want to die (even a little) when you_____? 

Were you trying to end your life when you _____?

Or Did you think it was possible you could have died from_____?

Or did you do it purely for other reasons / without ANY intention of killing yourself 
(like to relieve stress, feel better, 

get sympathy, or get something else to happen)?  (Self-Injurious Behavior without suicidal 
intent)

If yes, describe:

Has subject engaged in Non-Suicidal Self-Injurious Behavior?

Yes     No

□   □

Total # of

Attempts

______

Yes     No

□   □

Yes     No

□   □

Total # of

Attempts

______

Yes     No

□   □

Interrupted Attempt:  

When the person is interrupted (by an outside circumstance) from starting the potentially self-
injurious act (if not for that, actual attempt would have occurred).

Overdose: Person has pills in hand but is stopped from ingesting.  Once they ingest any pills, this 
becomes an attempt rather than an interrupted attempt. Shooting: Person has gun pointed toward 
self, gun is taken away by someone else, or is somehow prevented from pulling trigger. Once they 
pull the trigger, even if the gun fails to fire, it is an attempt. Jumping: Person is poised to jump, is 
grabbed and taken down from ledge. Hanging: Person has noose around neck but has not yet 
started to hang - is stopped from doing so.

Yes      No

□   □

Yes      No

□   □
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Has there been a time when you started to do something to end your life but 
someone or something stopped you before you actually did anything?

If yes, describe:

Total # of 
interrupted

______

Total # of 
interrupted

______

Aborted or Self-Interrupted Attempt:  

When person begins to take steps toward making a suicide attempt, but stops themselves before 
they actually have engaged in any self-destructive behavior. Examples are similar to interrupted 
attempts, except that the individual stops him/herself, instead of being stopped by something else.

Has there been a time when you started to do something to try to end your life but 
you stopped yourself before you actually did anything?

If yes, describe:

Yes      No

□   □

Total # of

aborted or 
self-

interrupted

______

Yes      No

□   □

Total # of

aborted or 
self-

interrupted

______

Preparatory Acts or Behavior:

Acts or preparation towards imminently making a suicide attempt. This can include anything beyond 
a verbalization or thought, such as assembling a specific method (e.g., buying pills, purchasing a gun) 
or preparing for one’s death by suicide (e.g., giving things away, writing a suicide note). 

Have you taken any steps towards making a suicide attempt or preparing to kill 
yourself (such as collecting pills, getting a gun, giving valuables away or writing a 
suicide note)?

If yes, describe:

Yes      No

□   □

Total # of 
preparatory 

acts

______

Yes      No

□   □

Total # of 
preparator

y acts

______

Most Recent 
Attempt

Date:

Most Lethal          
Attempt

Date:

Initial/First 
Attempt

Date:

Actual Lethality/Medical Damage:  

0.  No physical damage or very minor physical damage (e.g., surface scratches).

1.  Minor physical damage (e.g., lethargic speech; first-degree burns; mild bleeding; sprains).

2.  Moderate physical damage; medical attention needed (e.g., conscious but sleepy, somewhat 
responsive; second-degree burns; bleeding of major vessel).

Enter Code Enter Code Enter Code
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3.  Moderately severe physical damage; medical hospitalization and likely intensive care required 
(e.g., comatose with reflexes intact; third-degree burns less than 20% of body; extensive blood 
loss but can recover; major fractures).

4.  Severe physical damage; medical hospitalization with intensive care required (e.g., comatose 
without reflexes; third-degree burns over 20% of body; extensive blood loss with unstable vital 
signs; major damage to a vital area).

5.  Death

______ ______ ______

Potential Lethality: Only Answer if Actual Lethality=0

Likely lethality of actual attempt if no medical damage (the following examples, while having no 
actual medical damage, had potential for very serious lethality: put gun in mouth and pulled the 
trigger but gun fails to fire so no medical damage; laying on train tracks with oncoming train but 
pulled away before run over).

0 = Behavior not likely to result in injury

1 = Behavior likely to result in injury but not likely to cause death

2 = Behavior likely to result in death despite available medical care

Enter Code

______

Enter Code

______

Enter Code

______
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Appendix J. C-SSRS, Last visit version

COLUMBIA-SUICIDE SEVERITY

RATING SCALE

(C-SSRS)

Since Last Visit - Clinical

Version 1/14/09

Posner, K.; Brent, D.; Lucas, C.; Gould, M.; Stanley, B.; Brown, G.; Fisher, P.; Zelazny, J.; Burke, 
A.; Oquendo, M.; Mann, J. 

Disclaimer:

This scale is intended to be used by individuals who have received training in its administration. The 
questions contained in the Columbia-Suicide Severity Rating Scale are suggested probes. Ultimately, 

the determination of the presence of suicidal ideation or behavior depends on the judgment of the 
individual administering the scale.

Definitions of behavioral suicidal events in this scale are based on those used in The Columbia 
Suicide History Form, developed by John Mann, MD and Maria Oquendo, MD, Conte Center for the 
Neuroscience of Mental Disorders (CCNMD), New York State Psychiatric Institute, 1051 Riverside 
Drive, New York, NY, 10032. (Oquendo M. A., Halberstam B. & Mann J. J., Risk factors for suicidal 
behavior: utility and limitations of research instruments. In M.B. First [Ed.] Standardized Evaluation 
in Clinical Practice, pp. 103 -130, 2003.)

For reprints of the C-SSRS contact Kelly Posner, Ph.D., New York State Psychiatric Institute, 1051 
Riverside Drive, New York, New York, 10032; inquiries and training requirements contact 
posnerk@nyspi.columbia.edu

© 2008 The Research Foundation for Mental Hygiene, Inc.
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Ask questions 1 and 2.  If both are negative, proceed to “Suicidal Behavior” section. If the answer to 
question 2 is “yes”, ask questions 3, 4 and 5.  If the answer to question 1 and/or 2 is “yes”, complete 
“Intensity of Ideation” section below.

Since 
Last Visit

1.  Wish to be Dead 

Subject endorses thoughts about a wish to be dead or not alive anymore, or wish to fall asleep and not wake up. 

Have you wished you were dead or wished you could go to sleep and not wake up? 

If yes, describe:

Yes       No

□    □

2.  Non-Specific Active Suicidal Thoughts

General, non-specific thoughts of wanting to end one’s life/commit suicide (e.g., “I’ve thought about killing myself”) without 
thoughts of ways to kill oneself/associated methods, intent, or plan during the assessment period. 

Have you actually had any thoughts of killing yourself?

If yes, describe:

Yes       No

□    □

3.  Active Suicidal Ideation with Any Methods (Not Plan) without Intent to Act

Subject endorses thoughts of suicide and has thought of at least one method during the assessment period. This is different 
than a specific plan with time, place or method details worked out (e.g., thought of method to kill self but not a specific plan).  
Includes person who would say, “I thought about taking an overdose but I never made a specific plan as to when, where or how I 
would actually do it…and I would never go through with it.”

Have you been thinking about how you might do this?

If yes, describe:

Yes       No

□    □

4.  Active Suicidal Ideation with Some Intent to Act, without Specific Plan

Active suicidal thoughts of killing oneself and subject reports having some intent to act on such thoughts, as opposed to “I have 
the thoughts but I definitely will not do anything about them.”

Have you had these thoughts and had some intention of acting on them? 

If yes, describe:

Yes       No

□    □
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5.  Active Suicidal Ideation with Specific Plan and Intent

Thoughts of killing oneself with details of plan fully or partially worked out and subject has some intent to carry it out.

Have you started to work out or worked out the details of how to kill yourself? Do you intend to carry out this plan?

                                                                       

If yes, describe:

Yes       No

□    □

INTENSITY OF IDEATION

The following features should be rated with respect to the most severe type of ideation (i.e., 1-5 from above, with 
1 being the least severe and 5 being the most severe). 

                                            

Most Severe Ideation:             _____                      
_________________________________________________

                                              

                                                                                                           Type # (1-5)                                         Description of  Ideation

Most 
Severe

Frequency

How many times have you had these thoughts? 

(1) Less than once a week    (2) Once a week   (3)  2-5 times in week    (4) Daily or almost daily    (5) Many times each day

____

Duration

When you have the thoughts, how long do they last?

(1) Fleeting - few seconds or minutes                                                 (4) 4-8 hours/most of day

(2) Less than 1 hour/some of the time                                                 (5) More than 8 hours/persistent or continuous

(3) 1-4 hours/a lot of time                                                                   

____

Controllability

Could/can you stop thinking about killing yourself or wanting to die if you want to?

(1) Easily able to control thoughts                                                      (4) Can control thoughts with a lot of difficulty

(2) Can control thoughts with little difficulty                                     (5) Unable to control thoughts

(3) Can control thoughts with some difficulty                                    (0) Does not attempt to control thoughts

____

Deterrents

Are there things - anyone or anything (e.g., family, religion, pain of death) - that stopped you from 
wanting to die or acting on thoughts of committing suicide?

____
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(1) Deterrents definitely stopped you from attempting suicide            (4) Deterrents most likely did not stop you 

(2) Deterrents probably stopped you                                                    (5) Deterrents definitely did not stop you 

(3) Uncertain that deterrents stopped you                                             (0) Does not apply

Reasons for Ideation

What sort of reasons did you have for thinking about wanting to die or killing yourself?  Was it to end the 
pain or stop the way you were feeling (in other words you couldn’t go on living with this pain or how you 
were feeling) or was it to get attention, revenge or a reaction from others? Or both?

(1) Completely to get attention, revenge or a reaction from others       (4) Mostly to end or stop the pain (you couldn’t go on

(2) Mostly to get attention, revenge or a reaction from others                     living with the pain or how you were feeling)

(3) Equally to get attention, revenge or a reaction from others              (5) Completely to end or stop the pain (you couldn’t 
go on 

       and to end/stop the pain                                                                         living with the pain or  how you were feeling)

                                                                                                                 (0)  Does not apply

____

SUICIDAL BEHAVIOR

(Check all that apply, so long as these are separate events; must ask about all types)

Since Last 
Visit

Actual Attempt: 

A potentially self-injurious act committed with at least some wish to die, as a result of act. Behavior was in part thought of as 

method to kill oneself. Intent does not have to be 100%.  If there is any intent/desire to die associated with the act, then it can 

be considered an actual suicide attempt. There does not have to be any injury or harm, just the potential for injury or 
harm. If person pulls trigger while gun is in mouth but gun is broken so no injury results, this is considered an attempt.  

Inferring Intent: Even if an individual denies intent/wish to die, it may be inferred clinically from the behavior or circumstances. 
For example, a highly lethal act that is clearly not an accident so no other intent but suicide can be inferred (e.g., gunshot to 
head, jumping from window of a high floor/story). Also, if someone denies intent to die, but they thought that what they did 
could be lethal, intent may be inferred. 

Have you made a suicide attempt?

Have you done anything to harm yourself?

Have you done anything dangerous where you could have died?

What did you do?

Did you______ as a way to end your life? 

Did you want to die (even a little) when you_____? 

Were you trying to end your life when you _____?

Or did you think it was possible you could have died from_____?

Yes      No

□   □

Total # of

Attempts

______
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Or did you do it purely for other reasons / without ANY intention of killing yourself (like to relieve stress, 
feel better, get sympathy, or get something else to happen)?  (Self-Injurious Behavior without suicidal intent)

If yes, describe:

Has subject engaged in Non-Suicidal Self-Injurious Behavior?

Yes     No

□   □

Interrupted Attempt:  

When the person is interrupted (by an outside circumstance) from starting the potentially self-injurious act (if not for that, 
actual attempt would have occurred).

Overdose: Person has pills in hand but is stopped from ingesting.  Once they ingest any pills, this becomes an attempt rather 
than an interrupted attempt. Shooting: Person has gun pointed toward self, gun is taken away by someone else, or is somehow 
prevented from pulling trigger. Once they pull the trigger, even if the gun fails to fire, it is an attempt. Jumping: Person is poised 
to jump, is grabbed and taken down from ledge. Hanging: Person has noose around neck but has not yet started to hang - is 
stopped from doing so.

Has there been a time when you started to do something to end your life but someone or something 
stopped you before you actually did anything?

If yes, describe:

Yes      No

□   □

Total # of 
interrupted

______

Aborted or Self-Interrupted Attempt:  

When person begins to take steps toward making a suicide attempt, but stops themselves before they actually have engaged in 
any self-destructive behavior. Examples are similar to interrupted attempts, except that the individual stops him/herself, 
instead of being stopped by something else.

Has there been a time when you started to do something to try to end your life but you stopped 
yourself before you actually did anything?

If yes, describe:

Yes      No

□   □

Total # of

aborted or self-
interrupted

______
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Preparatory Acts or Behavior:

Acts or preparation towards imminently making a suicide attempt. This can include anything beyond a verbalization or thought, 
such as assembling a specific method (e.g., buying pills, purchasing a gun) or preparing for one’s death by suicide (e.g., giving 
things away, writing a suicide note). 

Have you taken any steps towards making a suicide attempt or preparing to kill yourself (such as 
collecting pills, getting a gun, giving valuables away or writing a suicide note)?

If yes, describe:

Yes      No

□   □

Total # of 
preparatory acts

______

Suicide:

Death by suicide occurred since last assessment.

   Yes    No

□   □

Most Lethal 
Attempt

Date:

Actual Lethality/Medical Damage:  

0.  No physical damage or very minor physical damage (e.g., surface scratches).

1.  Minor physical damage (e.g., lethargic speech; first-degree burns; mild bleeding; sprains).

2.  Moderate physical damage; medical attention needed (e.g., conscious but sleepy, somewhat responsive; second-degree 
burns; bleeding of major vessel).

3.  Moderately severe physical damage; medical hospitalization and likely intensive care required (e.g., comatose with reflexes 
intact; third-degree burns less than 20% of body; extensive blood loss but can recover; major fractures).

4.  Severe physical damage; medical hospitalization with intensive care required (e.g., comatose without reflexes; third-degree 
burns over 20% of body; extensive blood loss with unstable vital signs; major damage to a vital area).

5.  Death

Enter Code

______

Potential Lethality: Only Answer if Actual Lethality=0

Likely lethality of actual attempt if no medical damage (the following examples, while having no actual medical damage, had 
potential for very serious lethality: put gun in mouth and pulled the trigger but gun fails to fire so no medical damage; laying on 
train tracks with oncoming train but pulled away before run over).

0 = Behavior not likely to result in injury

1 = Behavior likely to result in injury but not likely to cause death

2 = Behavior likely to result in death despite available medical care 

Enter Code

______
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Appendix K. Geriatric Depression Scale (Short Form)
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Appendix L. The Parkinson Anxiety Scale (PAS)
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Appendix M. RBD-Single-Question Screen

Have you ever been told, or suspected yourself, that you seem to act out your dreams" while asleep 
(for example, punching, flailing your arms in the air, making running movements, etc.)?

  Yes     No

IRB NUMBER: HSC-MS-20-0150
IRB APPROVAL DATE: 03/08/2024



92

Appendix N. Red Flags
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Appendix O. Telephone Evaluation
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