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A B S T R A C T   

Background: Left ventricular assist device (LVAD) implantation provides a robust survival advantage, however 
despite improvements in mortality, the adverse event burden of durable mechanical circulatory support remains 
high. Bleeding complications are one such significant complication. The uSTOP LVAD BLEED (Utilization of 
umbilical cord lining Stem cells TO Prevent LVAD associated angiodysplastic BLEEDing) pilot study is designed 
to evaluate the safety and tolerability of escalating doses of umbilical cord lining stem cells (ULSCs) in LVAD 
recipients to ameliorate the dysregulation of angiogenic factors seen in this population. 
Design: This Phase Ia single-ascending dose pilot study will evaluate the IV administration of ULSCs in stable out- 
patients supported with an LVAD. In a 3 + 3 design, a maximum of 18 patients will receive an IV infusion of 
ULSCs. 
Main outcome measures: The primary endpoints are safety and tolerability, secondary exploratory endpoints will 
include biomarker evaluation of angiogenic dysregulation. 
Summary: This represents a novel cell type and route of administration in this population, while collecting initial 
data regarding the magnitude and duration of effects of cell therapy, and assessing the possibility of decreasing 
bleeding by a strategy of vascular stabilization. 
Clinical trial registration: ClinicalTrials.gov Identifier: NCT04811261. https://clinicaltrials.gov/ct2/show/NC 
T04811261.   

1. Introduction 

Heart failure (HF) affects more than 6.5 million people in the U.S. 
and remains the leading cause of hospitalization for patients >65 years 
of age [1]. Due to an aging population, the projected prevalence of HF is 
expected to increase, and by 2030, it is estimated that 1 in every 33 
individuals in the U.S. will have HF [2]. This will lead to a growing 
number of individuals with advanced HF given the disease's chronic and 
progressive nature. Heart transplantation remains the gold standard 
treatment for advanced HF, however due to the challenges of organ 
donor recipient matching, as well as the limited resource of organs, the 
waitlist for heart transplantation continues to grow at more than twice 
the rate of increase in organ availability [3]. Furthermore, trans-
plantation is only offered to patients until the age of 65–70, depending 
on institution specific protocols, and comorbid conditions such as prior 
malignancy, diabetes, and pulmonary hypertension render many 

individuals not candidates for heart transplantation. As this number of 
patients increases, there will remain an even greater shortage of donor 
organs and also a growing number of patients identified as poor candi-
dates for transplantation due to age and comorbid conditions. The 
development of left ventricular assist devices (LVADs), initially as a 
bridge to transplant and more recently with the continuing improve-
ment in technology of the devices resulting in LVADs as destination 
therapy has opened a new treatment option for a significant proportion 
of the sickest HF patients. For patients with New York Heart Association 
(NYHA) Class IV HF, continuous-flow LVADs have become increasingly 
available, and provide patients with improved functional capacity, 
survival and quality of life [4]. However, despite providing increasingly 
impressive survival advantages, LVADs remain associated with signifi-
cant adverse events. The most common adverse event is LVAD- 
associated gastrointestinal bleeding (GIB), with an incidence of up to 
39% [5,6]. This adverse event often leads to hospitalization and invasive 
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diagnostic procedures, which markedly increase the morbidity and 
diminish the cost-effectiveness of this life-saving therapy. Although 
newer generation LVADs, such as the HeartMate 3, have demonstrated 
better biocompatibility, this device is accompanied by a high incidence 
of GIB (27%), which is only marginally improved in comparison to 
earlier generation devices [7]. Furthermore, GIB places a significant toll 
on the health care system. It is the second leading cause for 30-day 
readmissions after LVAD implantation, and the most frequent cause 
for any post-implant hospitalization [8,9]. Indeed, LVAD-attributable 
major adverse events can cost up to average of ~$46,000 per hospital-
ization [10]. 

The pathophysiology of GIB in LVAD patients is complex due to the 
perturbations caused by the implantation of mechanical circulatory 
support combined with a failing heart and the medical therapy required 
to manage these patients. The resultant mucosal bleeding involves both 
an acquired von Willebrand syndrome (avWS) with platelet/coagulation 
dysfunction, as well as pathologic vascular weakness related to angio-
dysplasia and endothelial barrier dysfunction. The avWS is secondary to 
the supraphysiological shear stresses exerted on blood within LVADs. 
These shear stresses lead to a conformational change of von Willebrand 
factor (vWF) and exposure of the ADAMTS13 cleavage site of vWF, 
resulting in a loss of the high molecular weight multimers (HMWMs) of 
vWF and a decrease in platelet adhesion [11–13]. While some newer 
generation LVADs, specifically centrifugal flow devices such as the 
HVAD and HeartMate 3, are characterized by lower internal shear 
stresses and thereby shown to produce different patterns of avWS, this 
has not correlated to better platelet aggregation nor a decrease in 
bleeding events [14,15]. 

In addition to avWS, angiodysplasia manifested as arteriovenous 
malformations (AVMs) that develop throughout the body is a key driver 
of bleeding events in the LVAD population [16]. This has been postu-
lated to be due to systemic inflammation and abnormal angiogenesis 
created by systemic dysregulation of angiogenic factors, specifically 
angiopoietin-1 and angiopoietin-2 (Ang-1 and Ang-2). Ang-1 is normally 
synthesized by perivascular cells and binds as an agonist to the receptor 
tyrosine kinase Tie-2 on the surface of endothelial cells, resulting in 
intracellular signaling that promotes vascular maturity and stability, 
and supports normal endothelial survival in conjunction with vascular 
endothelial factor (VEGF) [17]. Ang-2 is synthesized by endothelial cells 
and following release, it is available as an autocrine factor to bind Tie-2 
cell surface receptors in a competitive fashion with Ang-1, antagonizing 
Ang-1 signaling and promoting endothelial barrier permeability 
[17,18]. 

Such dysregulation in the physiological balance of Ang-1/Ang-2 
levels has been shown to lead to vascular destabilization, inflamma-
tion, vascular malformations and mucosal angiodysplasia in multiple in 
vitro and in vivo animal models [19–23]. Recent studies of factors 
modulating angiogenesis and vascular remodeling in an LVAD popula-
tion have demonstrated that Ang-2 is overexpressed, while Ang-1 is 
reduced in patients with LVADs compared with age-matched controls, 
and that those patients experiencing GIB are characterized by lower 
serum levels of Ang-1 compared to those free of GI bleeding (p = 0.03) 
[24]. This resultant ‘angiogenic switch’ is further demonstrated with a 
markedly abnormal ratio of Ang-1/Ang-2 in LVAD patients with GIB at 
0.5, compared with an Ang-1/Ang-2 ratio of 7 in patients free from GIB 
[24]. These data strongly suggest that a phenotype of vascular instability 
promoted by a systemic deficit in Ang-1 relative to Ang-2 contributes to 
the occurrence of non-surgical bleeding in patients with LVADs. 

Historically it was felt that the only methods to improve GIB rates 
would be improvement in LVAD technology to decrease shear stress, and 
vigilant monitoring of anticoagulation. Contrary to this hypothesis, 
recent data have suggested that a cellular based therapy may offer a 
treatment that can reduce GIB in LVAD patients [25]. Our proposed 
Phase Ia clinical study will expand upon those findings in several novel 
ways. We will evaluate a novel cell type and delivery method that would 
make this type of treatment practical and scalable. In addition to 

determining the feasibility and safety of intravenous administration of 
ULSCs in LVAD recipients, this study will obtain initial information 
about the bioactivity of ULSCs and their ability to ameliorate the dys-
regulation of angiogenic factors seen in this population. The establish-
ment of feasibility and safety will in turn provide a foundation for a 
future randomized clinical trial evaluating the effect of adjunctive 
administration of ULSCs in LVAD patients to provide a clinically 
meaningful reduction in GIB. This reduction would address a serious, 
unmet medical need, improve on quality of life, and markedly reduce 
the costs of healthcare delivery in this population. 

2. Methods 

2.1. Study design 

The study population will consist of ambulatory patients with 
chronic systolic heart failure who met criteria for LVAD implantation 
and subsequently were implanted with a centrifugal flow LVAD either as 
bridge-to-transplant (BTT), bridge-to-candidacy (BTC), or destination 
therapy (DT). Patients will have been receiving stable medical regimen 
for at least two weeks, including angiotensin converting enzyme inhib-
itor, angiotensin receptor blocker, or angiotensin receptor-neprilysin 
inhibitor (ACE/ARB/ARNI), unless there is a documented contraindi-
cation to their use. Patients will also be on anti-platelet and anti- 
coagulation per institutional protocol. Inclusion and exclusion criteria 
are listed in Table 1. 

This Phase Ia, single ascending dose, first in human, open-label, non- 
controlled, dose- escalation trial will investigate intravenous infusions of 
UCLSC in LVAD patients. This study will recruit patients with recently 
implanted patients, as well as patients on chronic long-term support, 
with the goal of enrolling up to 18 subjects to participate in the study. 
The participation of each subject in the study includes informed consent, 
screening, one administration of the study treatment (ULSC infusion), 
and follow-up for a duration of 12 months. 

Subjects will be entered into a 3 + 3 dose escalation study [Fig. 1], a 
standard design for initial trials to evaluate tolerability of a therapeutic 
agent and identify a maximal tolerated dose if indeed toxicities are 
identified in the pre-specified dosing range [26]. The first 3 subjects' 
patients will be administered 50 × 106 ULSCs reconstituted in HTS-FRS 

Table 1 
Key Inclusion and exclusion criteria.  

Inclusion 

≥ 18 years of age 
Have heart failure with reduced ejection fraction and a durable centrifugal flow LVAD 
Be on a stable regimen of heart failure medications for at least two weeks, including 

ACEi/ARB/ARNi unless there is a documented contraindication to their use.  

Exclusion 
Durable biventricular support 
An axial flow LVAD 
History of Crohn's Disease, Ulcerative Colitis, or other Inflammatory Bowel Disease on 

active treatment 
LVAD implantation within the last 30 days 
Anticipated need for non-cardiac surgery within the next 12 months 
Evidence of active systemic infection at time of study product delivery 
Evidence of infectious diseases such as hepatitis B, hepatitis C and HIV 
Prior heart transplant recipients 
Active cancer (or prior diagnosis of cancer within the past 2 years) 
Recent (<14 days) or active use of immunosuppressive drugs 
Chronic auto-immune or auto-inflammatory disease 
Known hypo- or hyper-coagulable state such as disseminated intravascular 

coagulation and heparin induced thrombocytopenia (HIT) 
Platelet count <100 K 
Inability to maintain an INR of 2–3 

LVAD = left ventricular assist device, ACE = angiotensin converting enzyme 
inhibitor, ARB = angiotensin receptor blocker, ARNi = angiotensin receptor- 
neprilysin inhibitor, INR = international normalizing ratio. 
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(Biolife Solutions) in a volume of 250 ml, and monitored for adverse 
events or toxicities, immediately following dosing, and again at 7 and 
30 days. Safety endpoints will be reviewed by the DSMB and depending 
on the response, the dose will be escalated to 100 × 106 and subse-
quently 200 × 106 ULSC in a constant 250 ml volume. Adverse events 
(AEs) and dose limiting toxicities (DLTs) will be recorded and used to 
direct enrollment. An independent DSMB, comprised of two cardiolo-
gists and one statistician with authority to suspend enrollment, will 
conduct ongoing review of the nature, frequency, and severity of the 
safety data. We will list all the incidence of DLTs for each dose evalua-
tion cohort. DLTs will be recorded and used to direct enrollment as 
follows:  

• If 0 out of 3 enrolled subjects at the low dose have a DLT after 1 
month of monitoring, and review of safety data, then we will proceed 
to initiate enrollment in the intermediate dose cohort and enroll 3 
subjects. If 0 out of these first 3 enrolled subjects treated with an 
intermediate dose have a DLT, we will enroll another 3 subjects in 
the high dose group.  

• If 1 out of 3 subjects have a DLT at either dose, then we will add 3 
more subjects at the same dose level. Outcomes will be evaluated 
within each dosing group and treatment arm.  

• If 2 or 3 subjects in a dosing group experience a DLT, then we plan to 
pause the trial to obtain DSMB input as to the risk/benefit ratio in the 
exact circumstance encountered. The maximum tolerated dose 
(MTD) will be defined as the dose level that does not cause this 
frequency of DLT events. 

Study participants will be followed-up for 12 months through a total 
of 8 scheduled clinic visits and/or phone calls (Clinic visits at day 7, 1 
month, 3 months, 6 months and 12 months; phone calls at day 3, 2 
months, and 4 months SPI). 

2.2. Study objective & endpoints 

This study will attempt to answer the following research questions 
regarding ULSC as an investigational medicinal product and its use: (1) 
Is the IV delivery of ULSCs safe and well-tolerated in patients with 
LVADs? (2) What is the tolerability of ascending doses of ULSCs? (3) 
What is the magnitude and duration of the effect of ULSCs delivery on 

Fig. 1. 3 × 3 Ascending dose escalation design. 
MTD = maximum tolerated dose. 
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surrogate biomarkers of inflammation and angiodysplasia? 
The primary endpoint of this study will focus on safety based in 3 

domains; tolerability of infusion assessed at time of infusion, provoca-
tion of thrombosis or hemolysis during the study period, and immune 
sensitization during the study period. Secondary safety endpoints 
include changes in complete blood count (CBC), renal function, and liver 
function from baseline to 1, 3, 6, and 12 months. After the enrollment of 
each cohort of 3 patients, safety data will be reviewed by assessing any 
immediate adverse effects, as well as at 7 and 30 days. These data will be 
reviewed by the DSMB and further enrollment will be halted until the 
DSMB has cleared ongoing recruitment and dose for the subsequent 
cohort of 3. Exploratory endpoints will assess for any evidence of early 
efficacy in providing vascular stability or improvement in a composite of 
clinical outcomes. The details of all endpoints are listed in Table 2. 

2.3. Statistical considerations 

We will conduct interim analysis for 1, 3, and 6 month and final 
analysis after all data have been collected. The biomarkers Ang-1, Ang- 
2, soluble Tie2 (sTie2), VEGF will be evaluated as continuous variables 
by ANOVA to assess changes from time zero (pre-infusion) in compari-
son to 1 month, 3 month, 6 month and 12 month levels. This approach 
will also be used for qFIT. As this is a Phase I study, we anticipate that we 
may not have power to detect changes in these variables, and are 
treating these, as well as the exploratory clinical outcome of the cu-
mulative incidence of angiodysplastic bleeding, as exploratory analyses 
useful to demonstrate feasibility in this patient population. 

We will compute summary statistics such as mean, standard devia-
tion, minimum, median, and maximum for continuous variables. We 
will compute frequency and percentage for categorical variables. For 
time to event variable, we will analyze with Kaplan-Meier product limit 
method. 

3. Discussion 

Durable mechanical support has not only revolutionized our 
approach to advanced heart failure, it continues to evolve and provide 
greater survival advantages to LVAD recipients, with the most recent 

registry data demonstrating a median survival of greater than 4 years 
regardless of pump type or indication for implantation [27]. However, 
due to the ongoing burden of adverse events and potential for rehospi-
talization as a result, LVADs remain only a moderately cost-effective 
therapy with wide ranging estimates of incremental cost-effectiveness 
ratio (ICER) per quality adjusted life year (QALY), none of which have 
been better than $84,963 [28–31]. The most recent of these analyses 
suggested that ICER/QALY could be augmented by nearly 67% with 
streamlining of out-patient costs and a reduction in readmissions by 1 
event per-patient year [29]. Therefore, considerable effort should be 
placed in creating management strategies to diminish both the incidence 
of angiodysplastic bleeding as well as its impact as it is the largest driver 
of readmissions and a significant contributor to the cost and intensity of 
out-patient care of LVAD patients. 

Cell therapy represents an attractive target to accomplish these goals 
due to the mechanism of angiodysplastic bleeding in this population; 
with significant contributions from vascular instability, pro- 
inflammatory cytokines and dysregulation of angiogenic factors; 
coupled with the unique properties of mesenchymal stem cells (MSCs). 
Our overarching hypothesis is that the administration of MSCs, which 
are known to down-modulate pro-inflammatory cytokines in a wide 
range of inflammatory states, and to promote vascular stabilization by 
paracrine mechanisms including the secretion of Ang-1 will provide a 
useful therapeutic approach to reduce mucosal bleeding in patients with 
LVADs [32]. 

Furthermore, umbilical cord derived MSCs have been demonstrated 
to enhance vascular remodeling that promotes vascular integrity. Recent 
data in two ischemic brain rodent models show that administration of 
UC-MSC lead to decreased circulating Ang-2 levels while increasing both 
the level of circulating Ang-1 and the expression of Tie2 cell-surface 
receptor, which combine to provide vascular stability as well as 
improved functional outcomes [33,34]. A key role for secretion of Ang-1 
was highlighted by studies in a murine lung model in which unmodified 
MSCs promoted vascular stability, while MSCs overexpressing Ang-1 
were found to even more potently decrease pulmonary vascular leak 
as well as proinflammatory cytokine levels [35]. Mechanisms underly-
ing improvement in endothelial layer integrity were recently described 
in human lung microvascular endothelium cells as including a transfer 
of Ang-1 mRNA to the damaged endothelium, resulting in an ongoing 
increase in Ang-1 secretion [36]. Furthermore, Ang-1 has also been 
demonstrated to prevent bleeding complications associated with anti- 
coagulation in multiple pre-clinical models by augmenting vascular 
stability and preventing hemorrhage despite a persistent anticoagulant 
state [37]. These mechanistic findings suggest that administration of 
MSCs would directly address key systemic factors that result in mucosal 
bleeding in LVAD recipients. 

The above pathophysiologic considerations are bolstered by clinical 
data demonstrating an improvement in GIB in LVAD patients with cell 
therapy. Intramyocardial injections of allogeneic MSCs at the time of 
LVAD implantation was shown to significantly decrease the rate of 
major GIB events by 76%, and the cumulative incidence by 48% [25]. 
This confirmed data seen in a 30-patient pilot demonstrating a longer 
time to first hospitalization due to major GIB. This has led the FDA to 
grant orphan drug designation to rexlemestrocel-L, the cell therapy 
utilized in the cited trial [38]. That this data was obtained in a non- 
contemporary axial flow LVAD cohort, with a negative primary 
endpoint, and via an invasive delivery platform, informs our decision to 
perform this more focused investigation. 

Additional benefits of the uSTOP LVAD BLEED pilot include dose 
definition as there is not yet a standard dosing regimen for cell therapy 
in heart failure patients. The aforementioned LVAD trial provided pa-
tients with 1.5 × 108 cells. The RIMECARD trial provided umbilical 
cord-derived MSCs for patients with heart failure via intravenous in-
fusions of 1 × 106 cells/kg [39]. Similarly, another Phase IIa trial of 
MSCs in HFrEF used 1.5 × 106 cells/kg [40]. While both of these studies 
demonstrated the safety of IV administration of stem cells in heart 

Table 2 
uSTOP LVAD BLEED Endpoints.  

Primary Safety Endpoints 

Fever, pain at infusion site, evidence of allergic reaction, dyspnea or hypoxia during 
infusion 

Adjudicated clinical LVAD thromboembolic events 
Changes in LDH levels 
Changes in PRA  

Secondary Safety Endpoints 
Changes in CBC 
Changes in AST, ALT, serum bilirubin 
Changes in BMP 
Clinical evidence of tumors  

Exploratory Endpoints 
Change in biomarkers (Ang-1, Ang-2, soluble Tie2, VEGF) 
Angiodysplastic bleeding (occult GIB as evidenced by positive qFIT, ≥ 2 g drop in HgB 

with no identifiable bleeding source, epistaxis which requires transfusion or results 
in ≥2 g drop in HgB) 

Hospitalization for bleeding 
Need for any blood transfusion 

LVAD = left ventricular assist device, DH = lactose dehydrogenase, PRA = panel 
reactive antibody, CBC = complete blood count, AST = aspartate aminotrans-
ferase, ALT = alanine transaminase, BMP = basic metabolic panel, Ang-1 =
angiopoetin 1, ANG-2 = angiopoetin 2, VEGF = vascular endothelial growth 
factor, GIB = gastrointestinal bleeding, qFIT = Quantitative Faecal Immuno-
chemical Test, HgB = hemoglobin. 
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failure patients, we hope to define a dosing range as well as magnitude 
and duration of affect based upon dose which may inform future in-
vestigations. Importantly, neither study demonstrated any allosensiti-
zation affects of cell therapy, an important consideration for patients 
who may be considered for transplantation. 

The small sample size of this study will preclude any definitive 
conclusions regarding the effects of ULSCs in LVAD patients. This, 
however, is appropriate for a Phase Ia study to evaluate safety and 
tolerability, while potentially informing early mechanistic explorations. 
Other limitations include the possible heterogeneity in medical therapy 
which impacts the Ang-1 and Ang-2 pathway, specifically ACEi/ARB/ 
ARNi and digoxin, which we have attempted to mitigate with our 
protocol. 

4. Conclusion 

This manuscript delineates a pilot investigation of ULSCs in a 
selected and stable LVAD patient population with the objective to 
evaluate the safety and tolerability of IV infusion of ULSCs in this, while 
exploring early markers of efficacy in potentially ameliorating markers 
of vascular stability. The hope is that results will inform a larger late- 
phase study powered to demonstrate a change in the clinical outcome 
of angiodysplastic bleeding. 
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