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Abstract

Background—-Because of their well-described immunosuppressive properties, allogeneic adult
human mesenchymal stromal cells (MSC) derived from bone marrow have demonstrated safety
and efficacy in steroid refractory acute graft versus host disease (SR aGVHD). Clinical trials have
resulted in variable success and an optimal source of MSC has yet to be defined. Based on the
importance of maternal-fetal interface immune tolerance, extraembryonic fetal tissues, such as the

Corresponding Author: Joseph McGuirk, DO, Professor of Medicine, Director, Blood and Marrow Transplant Program, Division
Director, Division of Hematologic Malignancies and Cellular Therapeutics, University of Kansas Medical Center, 2330 Shawnee
Mission Parkway, Suite 210, Westwood, KS 66205. jmcguirk@kumc.edu.

Conflict Of Interest

1. Rupal P. Soder- patent for GvHD applications of WIMSCs

2. Buddhadeb Dawn- patent for GvHD applications of WIMSCs

3. Mark L. Weiss- patent for GvHD applications of WIMSCs

4. Neil Dunavin- No conflicts to disclose

5. Scott Weir- No conflicts to disclose

6. James Mitchell- patent for GvHD applications of WIJMSCs; employed and now consult for the Midwest Stem Cell Therapy Center

during the development of MSCTC-0010

7. Meizhang Li- No conflicts to disclose

8. Leyla Shune- No conflicts to disclose

9. Anurag K. Singh- No conflicts to disclose

10. Siddhartha Ganguly- No conflicts to disclose

11. Marc Morrison- No conflicts to disclose

12. Haitham Abdelhakim- No conflicts to disclose

13. Andrew K. Godwin- Co-Founder of Sinochips Diagnostics

14. Sunil Abhyankar- Director of Midwest Stem Cell Therapy Center; patent for GvHD applications of WIMSCs
15. Joseph McGuirk- patent for GvHD application mu7 ns of WIMSCs



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Soder et al.

umbilical cord, may provide an superior tissue source of MSC to mediate immunomodulation in
aGVHD.

Methods—A two-dose cohort trial allogeneic Wharton’s Jelly-derived mesenchymal stromal
cells (WJMSC, referred to as MSCTC-0010, here) were tested in 10 patients with de novo high
risk (HR) or SR aGVHD post allogeneic hematopoietic stem cell transplantation (allo-HCT).
Following Good Manufacturing Practices isolation, expansion and cryostorage, WIMSC were
thawed and administered via intravenous infusions on days 0 and 7 at one of two doses (low
dose cohort, 2x10%/kg, n=5; high dose cohort, 10x106/kg, n=5). To evaluate safety, patients were
monitored for infusion related toxicity, Treatment Related Adverse Events (TRAE) til day 42,

or ectopic tissue formation at day 90. Clinical responses were monitored at time points up to

180 days post infusion. Serum biomarkers ST2 and REG3a were acquired 1 day prior to first
MSCTC-0010 infusion and on day 14.

Results—Safety was indicated, e.g., no infusion-related toxicity, no development of TRAE,
nor ectopic tissue formation in either low or high dose cohort was observed. Clinical response
was suggested at day 28: the overall response rate (ORR) was 70%, 4 of 10 patients had a
complete response (CR) and 3 had a partial response (PR). By study day 90, the addition of
escalated immunosuppressive therapy was necessary in 2 of 9 surviving patients. Day 100 and
180 post infusion survival was 90% and 60%, respectively. Serum biomarker REG3a decreased,
particularly in the high dose cohort, and with REG3a decrease correlated with clinical response.

Conclusions—Treatment of patients with de novo HR or SR aGVHD with low or high

dose MSCTC-0010 was safe: the infusion was well-tolerated, and no TRAES or ectopic tissue
formation was observed. A clinical improvement was seen in about 70% patients, with 4 of 10
showing a complete response that may have been attributable to MSCTC-0010 infusions. These
observations indicate safety of two different doses of MSCTC-0010, and suggest that the 10 x 108
cells/kg dose be tested in an expanded randomized, controlled Phase 2 trial.
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Introduction

Allo-HCT is commonly employed as potentially curative treatment strategy in the
management of hematologic malignancies, bone marrow failure syndromes, and inborn
errors of metabolism [1]. This complex procedure is frequently complicated by an
immunologically mediated process, whereby donor T cells recognize recipient tissues as
foreign and initiate a tissue destructive process called graft versus host disease (GVHD).
GVHD represents a common cause of post-transplant morbidity and mortality [2-4].

Although GVHD presents as an acute (aGVHD) or chronic (¢cGVHD) clinical syndrome,
with significant overlap, the most proximal cause of non-relapse morbidity and mortality
post-Allo-HCT is represented by aGVHD, the extent of which is determined by a staging/
grading system [5, 6, 7]. Patients with aGVHD Grades I-11 experience 5-year leukemia-free
survival of 44% to 51%; in contrast, survival decreases to 26% for patients with Grade 111
and 7% for Grade IV aGVHD [8].

The most effective approach to attenuate the risk and extent of aGVHD is to

employ prophylactic strategies, the most common of which have included optimal

major histocompatibility complex (MHC) Class | and Il loci matching between donor

and recipient; the pharmacologic blocking of T-cell antigen recognition and resultant
proliferation, principally through the employment of calcineurin inhibitors; /n-vivo or ex
vivo T-cell depletion of the stem cell graft; or post-transplant cyclophosphamide [9-12].
Despite these measures, aGVHD remains a relatively common clinical challenge post Allo-
HCT.

The standard initial treatment for aGVVHD is glucocorticoid-based therapy (referred to as
steroid therapy). Unfortunately, a significant percentage of patients will become resistant to
steroid therapy and will subsequently be treated with second-line immunosuppressive agents
[5, 6]. Steroid-refractory aGVHD (SR-aGVHD) portends a very poor prognosis, second-line
agents frequently prove ineffective, and as a result, survival for these patients is < 10%

at 5 years. Therefore, alternative therapies are needed to treat GVHD, particularly in the
setting of steroid refractory disease. By using a combination of clinical and biological risk
assessment tools, transplant physicians can predict which patients will require additional
immunosuppression and have the highest risk for non-relapse mortality. The two validated
systems that are most predictive of lack of response to steroids and GVHD lethality include
a refined clinical risk score and serum or plasma biomarker-based risk score [13, 14]. These
new approaches promise to inform a personalized, risk-adapted approach to therapy in the
next generation of GVHD studies.

A promising treatment strategy for SR-aGVHD involves the infusion of third-party, HLA-
unmatched, bone marrow derived mesenchymal stromal cells (BMMSC) [15-40]. The
immunosuppressive properties of BMMSC suggest their potential use in a broad range

of inflammatory immune-mediated conditions, such as GVHD. In general, mesenchymal
stromal cells (MSCs) inhibit the activation and proliferation of T-cells that have been
activated by a variety of stimuli. MSC immunomodulation is mediated through several
mechanisms including the elaboration of immunosuppressive cytokines, down-regulation of
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inflammatory cytokine expression by activated T-cells, contact inhibition of dendritic cells
and cytotoxic T-cells, and through the production of T-cell inhibitory extracellular vesicles
[41-44].

Several studies indicate that adult-derived MSCs have reduced expansion potential or
slower expansion compared to fetal tissue-derived MSCs, and adult MSCs may be less
immunosuppressive than fetal or neonatal MSCs in certain applications [45-50]. In contrast,
MSCs derived from discarded post-natal tissues might offer certain advantages over
BMMSC for GVHD therapy. Our thesis is that umbilical cord derived MSCs may be an
effective, safely and painlessly collected alternative source of MSCs for GVHD prevention
or treatment.

Wharton’s Jelly is a primitive, loose connective tissue that is rich in hyaluronic acid, and that
supports and cushions the umbilical vessels. Wharton’s Jelly contains an MSC population
that is easily isolated following birth from the discarded umbilical cord. Wharton’s Jelly
mesenchymal stromal cells (WJMSC) grow more quickly and produce more cells during

in vitro expansion compared with BMMSC [51, 52], and they have immune-suppressive
properties similar and possibly superior to adult-derived MSCs from bone marrow and
adipose tissue [48, 51, 53-55]. WIMSC synthesize anti-inflammatory proteins and secrete
biologically active extracellular vesicles [56-82].

In this report we describe the safety, impact on biological markers of aGVHD activity, and
clinical outcomes of WIMSCs (MSCTC-0010), administered to ten patients in two-five
patient cohorts (low and high dose of MSCs) with de novo HR or SR aGVHD post
allogeneic stem cell transplantation.

Materials and Methods

Patients and Trial Design

This single-center, open-label, phase | study (clinicalrials.gov #NCT03158896) was
designed to evaluate the safety of MSCTC-0010, (WJMSC, Suspension for Infusion), in

the treatment of de novo HR or SR-aGVHD in adult patients. Patients were eligible if 18-75
years of age and had not received any other investigational agent used to treat aGVHD

for 30 days prior to enrollment. The study was approved by the institutional review board
and was conducted in accordance with the principles of the Declaration of Helsinki and
International Conference on Harmonization Good Clinical Practice Guidelines [83]. All the
patients provided written informed consent.

Patients were eligible for this trial if they failed to respond to systemic steroid treatment as
first-line treatment for aGVHD, as defined by progression within 3 days or no improvement
within 7 days of consecutive treatment with 1.6 mg/kg/d of methylprednisolone or
equivalent. HR is defined by Minnesota criteria [13]. Patients were excluded if they had
received any other investigational systemic therapy for the treatment of aGVHD for 30 days
prior to enrolling.
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Investigational Agent

MSCTC-0010, Suspension for Infusion, was manufactured by the Midwest Stem Cell
Therapy Center (MSCTC) at the University of Kansas Medical Center under IND

017672 following explantation, expansion, formulation, and cryopreservation steps. The
manufacturing process for rffollowing childbirth at the University of Kansas Hospital Labor
and Delivery unit. Written informed consent, approved by the University of Kansas Medical
Center Institutional Review Board (IRB), was obtained from mothers prior to umbilical
cord collection. The umbilical cords (typically 15 to 20 cm long) were accepted from
healthy full-term women (18-35 years old) who underwent elective cesarean section. In
order to qualify as cord donors, mothers were tested and shown to be free of Human
Immunodeficiency Virus (HIV) Types 1 & 2, Hepatitis A, B, and C, 7Treponema pallidum,
Chlamyadia trachomatis, Neisseria gonorrhea, and HTLV 1 and 2. WIJMSCs were isolated,
cultured and expanded under current Good Manufacturing Practice/Good Tissue Practice
(cGMP/cGTP) standards. MSCs were harvested after passage 5.

MSCTC-0010 was cryopreserved in Plasmalyte-A supplemented with DMSO and human
serum albumin. Before freezing, cells were characterized for MSC-expressed CD markers
by flow cytometry using the BD Stemflow Human MSC analysis kit (BD Biosciences,

San Diego, CA). Flow cytometry revealed that 295% of cells expressed the markers
characteristic of MSCs (CD105, CD73, CD90, and CD44) while the expression of
hematopoietic, macrophage, and B cell markers (CD45, CD34, CD11b, CD19 and HLA-
DR) was 2% or less. We examined the extent of MSCTC-0010 to suppress proliferation

of activated human peripheral blood mononuclear cells (PBMCs). PBMCs were labelled
with 5 UM carboxyfluorescein succinimidyl ester (CFSE; eBioscience), stimulated with 1
ug/mL phytohemagglutinin (PHA; Sigma-Aldrich) and co cultured with MSCTC-0010 at

a ratio of 1:10 for 3 days. The intensity of CFSE staining of PHA-induced proliferating
PBMCs was evaluated by flow cytometry (Becton Dickenson LSR Il flow cytometer). Data
were analyzed using FACSDiva software. MSCTC-0010 cells suppressed mitogen-induced
peripheral blood mononuclear cell activation and proliferation. Potency release criterion of
each MSCTC-0010 lot was met as described in Table 1. MSCTC-0010 was determined to be
sterile (USP<71> sterility test) and endotoxin free using the quality control test kit (Limulus
amebocyte lysate method; Endosafe system). MSCTC-0010 was negative for mycoplasma
(Mycoalert Mycoplasma detection kit), and had no chromosomal abnormalities (Cytogenetic
analysis, University of Kansas Medical Center). MSCTC-0010 was thawed immediately

on the day of administration and cell viability of =80 % using trypan blue was the final
qualification for release (Table 1).

The first cohort of 5 patients received an intravenous dose of 2x10° viable MSCs/kg on
days 0 and 7 (low dose cohort) and the second cohort of 5 patients received a dose of
10x108 MSCs/kg on days 0 and 7 (high dose cohort, maximum dose of 1000x10° cells

per administration). The first dose was given within 120 hours of diagnosis of either

HR or SR aGVHD Grade Ic-1V. Before the infusion, steroids were given to prevent an
infusion reaction. During and after the MSC infusions, the patients maintained their baseline
established therapy with systemic steroid therapy based on institutional algorithm and their
GVHD prophylactic agent. In the event of disease progression, during the initial 7 days,
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additional medications for the treatment of aGVHD were allowed. In this study, 10 umbilical
cord donors were used for 10 patients to manufacture MSCTC-0010, hence each patient
received infusion of cells derived from one cord.

Assessment of Safety, Efficacy and Biomarker Response

GVHD assessments were performed weekly from enrollment through day 42 and on day

90. Survival was assessed at day 100 and 180. Severity of aGVHD for each patient was
evaluated using the Consensus Conference on Acute GVHD Grading [84]. Presence or
absence of aGVHD of the skin, liver, and gut was determined and graded according

to the clinical assessment of each patient, as described in Study endpoints section. All
untoward medical occurrences after the initial treatment were considered adverse events
(AEs). Adverse events were graded based on Common Terminology Criteria for Adverse
Events version 5.0 (CTCAE v5.0). Treatment Related Adverse Event (TRAE) is defined as a
Grade 3 or greater adverse event, which is (1) at least probably related or definitely related
to the MSCTC-0010 infusions, and (2) does not return to baseline within 24 hours from

the start of the event. Serious AEs were defined according to International Conference on
Harmonization E6 standards [83]. Ectopic tissue formation was an AE of special interest
and patients were assessed at a prespecified time point with computed tomography imaging.
Vital signs, physical examination, and laboratory assessments were performed at screening,
weekly through study day 42, and at study day 90 and 180. Biomarkers ST2 and REG3-a
were analyzed in blood serum samples collected 1 day prior to the MSCTC-0010 (day

-1) infusion and on day 14 post infusion. Serum ST2 and REG3a concentrations were
determined by sandwich enzyme-linked immunoassay (ELISA) as previously described [86]
by Viracor-IBT Laboratories, Inc.

Study Endpoints

The primary endpoint was the proportion of participants reaching day 42 without a TRAE
after the first infusion of MSCTC-0010. The study mandated a hold in enrollment pending a
Data Safety Monitoring Committee determination if any participant experienced a TRAE

or the threshold of participants in total experiencing a TRAE was reached, following
treatment of the first cohort. There were additional stopping parameters for ectopic tissue
formation and non-response to therapy. Secondary endpoints were evaluated based on the
proportion of participants who achieved a complete response (CR) or improvement of
aGVHD in 1 or more involved organs by study days 28 and 42, or required an escalation of
immunosuppressive therapy within 90 days of the first dose of MSCTC-0010.

Response Criteria:

. CR: resolution of aGVHD in all involved organs

. PR: decrease by at least 1 GVHD stage in any 1 organ system without any
worsening in any other organ system

. Durable response: a response (e.g., improvement in GVHD grade) lasting for at
least 28 days
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. Mixed response: improvement by at least 1 stage in at least 1 organ with
worsening by at least 1 stage in at least 1 other organ

. No response: stable or worsening disease

. Stable disease: the absence of any clinically significant differences (Improvement
or worsening) sufficient to meet minimal criteria for improvement or
deterioration in any evaluable organ

. Worsening: deterioration in at least 1 organ system by 1 stage or more with no
improvements in any other organ

. Flare: recurrence of aGVHD after a CR

. Minnesota risk scoring defines HR as either baseline stage 4 skin, stage 3 to 4
lower Gl, stage 3 to 4 liver, or stage 3 to 4 skin + stage 3 to 4 liver or lower Gl,
with all other patients classified as standard risk [13, 85].

After the first 5 participants were enrolled in the low dose cohort, they were followed

for a full 42-day safety monitoring period. Subsequently, enroliment to the second cohort
commenced if no safety concerns were evident in the first cohort. The DSMB reviewed and
approved the safety data obtained in low-dose cohort before moving to the high dose cohort.

Statistical analysis:

Results

Descriptive statistics summarize the patient population. Kaplan Meier survival curve was
used to depict overall survival. The biomarker concentrations were analyzed in SigmaPlot14
(build 14.0.3.192) and expressed as box and whisker plots. Boxes contain the first and third
quartiles and the median. Whiskers represent the 10th and 90t percentiles. To determine
whether MSCs affected biomarker concentrations, paired t-test was used when the normality
assumptions were met or Wilcoxon test was used when normality assumption was violated.
The aGVHD score was calculated using a validated algorithm [14]. Significance was defined
as p < 0.05 in two tailed testing.

Patient characteristics:

Twelve patients were screened and ten patients were enrolled in the study between August
2018 and September 2019. All 10 patients completed the study and were included in this
analysis. The median age of patients was 57.5 years (range of 35 — 73 yrs) and 7 were
male. Five patients had high risk acute myelogenous leukemia (AML), 2 myelodysplastic
syndrome (MDS), 2 myelofibrosis, and 1 had T-cell non-Hodgkin’s lymphoma (T-NHL).
Five patients were transplanted with matched unrelated hematopoietic stem cell donors, 3
with matched related hematopoietic stem cell donors and 1 each with a haploidentical and
an umbilical cord blood donor. Six received a myeloablative conditioning regimen and the
remainder had a reduced intensity conditioning regimen. Five of the 8 patients who received
hematopoietic stem cell grafts from matched unrelated or related donors received bone
marrow grafts (Table 2).
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Feasibility and Safety:

GVHD:

The enrolled patients received the first dose of MSCTC-0010 within 120 hours from the
diagnosis of de novo HR or SR aGVHD as defined by the protocol. Furthermore, the second
dose of MSCTC-0010 was administered one week after infusion of first dose. No patient
experienced a TRAE throughout the follow up period. All patients experienced at least 1
adverse event (AE) and 7 patients experienced at least 1 grade 3 or 4 AE. The MSCTC-0010
infusion was tolerated with no associated acute toxicities. There were no AEs that were

at least probably related or definitely related to the MSCTC-0010 infusions (Table 3). No
patient had evidence of ectopic tissue formation based on CT imaging of the chest, abdomen
and pelvis on day 90.

Five patients had SR-aGVHD (3 in low dose cohort and 2 in high dose cohort) and 5

had HR aGVHD (2 in low dose cohort and 3 in high dose cohort). The median time post
allo-HCT for the development of aGVHD was day 75 (range 20 — 340 days). Acute GVHD
grade on day 0 of the MSCTC-0010 infusion was 1B or higher in 9 patients and IB in a
patient with steroid refractory disease. All patients received a minimum of 1.6 mg/kg/day
methylprednisolone or equivalent at onset of their aGVHD. Additionally, 7 patients were
receiving prophylaxis with tacrolimus, and 1 cyclosporine. Five patients with gastrointestinal
(GI) involvement were also receiving oral beclomethasone and budesonide and 3 patients
were receiving Ruxolitinib. Topical steroids were used in 5 patients with skin involvement.

Ruxolitinib and extracorporeal photopheresis were added in 3 of the patients with stable

or progressive aGVHD that started 10 days to 3 weeks after WIMSC infusion. By day 28,

4 patients were in CR, 3 PR, 2 stable and 1 had progression of aGVHD. By day 90, 9
patients were alive, one had relapsed leukemia, 2 patients had tapered off prednisone, 3 were
receiving <15 mg daily and tapering, 3 were receiving 70 mg or less and tapering and one
with refractory aGVHD was receiving 90 mg (Figure 1A). Three of 9 surviving patients
required an additional agent by day 90 (Ruxolitinib).

Disease relapse and infections:

Two patients had disease relapse including one patient with relapsed T-NHL who attained
a sustained complete remission after treatment and remains alive. Six patients developed
infections during the 90 day follow up after MSCTC-0010 infusion. Two patients had
CMV reactivation, two developed pneumonia, one patient developed bacteremia and one
developed Clostridium difficile, as well as BK and HHV6 viremia.

Overall Survival:

The median overall survival was 372 days (Figure 1B). By day 180, 4 patients had expired,
one from primary malignancy relapse and 3 from progression of aGVHD. At last follow-up
in April 2020, 5 of the 10 patients were alive, two with chronic GVHD on tapering doses of
steroids.
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As shown in figure 2, samples were collected 1 day prior to MSCTC-0010 infusion (day

-1) and on day 14 after the first dose infusion. ELISA results were then used to calculate
the GVHD algorithm score. Six of the 10 patients on the study had an elevated GVHD
algorithm score prior to infusion. Four of 5 patients in the high dose MSCTC-0010 cohort
and 3 of the patients in the low dose cohort had a reduction in their GVHD algorithm scores
following treatment at day 14. Subjects from dose cohort 2 appeared to have had a steeper
decline in serum REG3a concentrations between day 0 and day 14 although this did not
meet statistical significance (Figure 2).

Discussion

While bone marrow derived MSCs have been GMP manufactured for many years and have
passed through the customary three phases of clinical testing as a salvage treatment for
GVHD, the present study represents the first Phase 1 trial of WIMSCs for GVHD within
the United States. Our principle finding was that WJMSCs appear to be safe for SR and HR
aGVHD patients when given at either a “low-dose” of 2x10° or a “high-dose” of 10x106
cells/kg delivered intravenously twice, one week apart.

“Safety” was evaluated here in three ways and found to be safe. First, an acute response

to MSC infusion or “infusional toxicity” was evaluated both during intravenous delivery of
either a low or high dose. In the immediate period after MSC infusion, no AEs were noted.
The lack of infusion-linked AEs is important because previous reports raised the concern
that MSC infusion might be linked with emboli formation or respiratory distress following
their becoming lodged in the first capillary bed they encounter. Second, study patients
lacked TRAES during the 42-day observation period, a primary outcome measure. While
AEs were recorded for all study patients, and seven of the ten patients recorded a grade

3 or higher AEs, none of the AEs were attributed to experimental therapy. In this regard,

it should be noted that SR and HR GVHD patients are complicated cases to manage, and
require balancing immune suppression to mitigate GHVD damage against the development
of infection or infestation. Thus, that AEs in five of these seven patients with grade 3

or higher might be attributed to immunosuppression. This observation should be marked
since one might pose that the higher rate of infections or infestation might be a secondary
consequence of MSC-mediate immune suppression. Others have suggested that MSC
treatment for GVHD might introduce infection risk for or might reduce the “graft verse
tumor” effect gained by allo-HSCT. We did not observe a higher rate of infection or relapse
in the SR and HR aGV/HD patients, here. This concern represents a feature that needs
further investigation using larger cohorts and using a well-designed, randomized controlled
trial. Third, theoretically, the administration of third-party, HLA-disparate, WIMSCs to an
immunosuppressed patient could lead to their engraftment and subsequently the formation of
ectopic tissue. Consistent with other MSC studies of management of SR-aGVHD, none of
the patients here developed ectopic tissue formation at day 90 post first infusion in either of
the 2 cohorts [23, 38, 39]. Taken together this phase | safety study indicates that WIMSCs
are safe for treating SR and HR aGVHD patients up to a dose of 10x106 cells per kg given
twice, one week apart.
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Acute GVHD represents a common cause of morbidity and mortality in patients undergoing
a potentially curative allo-HCT transplant for life threatening hematologic disorders. Despite
strategies to prevent aGVHD, a significant percentage of patients, dependent on transplant
specific variables, will develop aGVHD, and 30-50% will prove to be SR-aGVHD [1, 5,

87, 88]. HR aGVHD was included in this study because of the previously demonstrated
significantly decreased likelihood of this group responding to steroid therapy at day 28 and
the increased overall and transplant related mortality of HR aGVHD patients compared to
standard risk patients [13]. The addition of secondary immunosuppressive agents to steroids
in the treatment of aGVHD have failed to demonstrate a beneficial effect [89]. While a
Phase I trial is designed to evaluate safety and dose-limiting toxicity, it may also provide an
estimate or a glimpse of the efficacy to treat SR or HR GVHD. On the other, hand Phase

1 studies customary enroll a small numbers of patients to mitigate risks. For example, here,
five patients were evaluated per dose cohort, and all patients were treated. Thus, size and
design reduce the ability of our study to estimate MSC clinical effect or efficacy.

Despite these limitations, we endeavored to estimate efficacy of MSC-treatment by
observing GVHD clinical score, discussed in the paragraph, and GVHD biomarkers,
discussed below. Here, positive clinical responses were observed in HR or SR-aGVHD
patients. By study day 28, 70% of patients experienced an ORR; 40% had a CR and 30%

a PR. By study day 90, the addition of escalated immunosuppressive therapy was necessary
in 3 patients. Day 100 and 180 post infusion survival was 90% and 60%, respectively and
consistent with the survival demonstrated in similar populations of patients treated with
secondary investigational agents [38-40, 90]. Whether the WIMSC infusions contributed to
these outcomes cannot be determined definitively here and will require well-designed and
well-powered follow-on Phase 2 studies. Importantly, 3 patients were treated concomitantly
with Ruxolitinib and these patients were among those achieving an ORR by day 28.

Here, positive clinical response was observed after WIJMSC infusions. To place our
observations into a context, the clinical effects of Ruxolitinib, the only Food and Drug
Administration-approved therapy for SR-aGVHD, were estimated in a recent study [90].
Adding Ruxaolitinib led to, at day 28, an overall response rate (ORR) of 62% and

34% achieved complete responses (CR), compared to 39% and 19% in the control arm
(investigator’s choice of therapy). Durable ORR at day 56 was 40% for the group receiving
Ruxolitinib. Thus, the estimated clinical response and effect size observed in this small SR
or HR aGVHD patients was more similar to Ruxolitinib than the control arm.

Clinical studies utilizing BMMSC have demonstrated variable outcomes and differences

in tissue source and manufacturing, cell dose and timing of administration makes
comparisons across studies difficult. Recently, a multicenter, randomized, double-blind,
placebo-controlled study of Remestemcel-L for pediatric and adult patients with SR

aGVHD demonstrated safety but no significant benefit over placebo when added to second
line therapy. In post hoc analyses, specific patient subgroups appeared to benefit from
Remestemcel-L treatment included pediatric patients, patients with any liver involvement,
and patients with high-risk aGVHD [40]. In contrast, recent results from an open-label Phase
3, multicenter trial in 54 children with SR-aGVHD was reported using Remestemcel-L. The
pediatric population was dosed at 2x108 cells/kg twice weekly for 4 weeks. The primary
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endpoint of day 28 ORR was achieved in 70%, which was sustained through day 100,
including an increase in complete response from 29.6% at day 28 to 44.4% at day 100.
Overall survival was 74% at day 100 [24]. These results were further supported by results
of an Expanded Access Program in 241 children where Remestemcel-L was used as salvage
therapy after failure of steroids and other agents [39]. Important questions remain regarding
the optimization of MSC treatment of aGVHD, including the effects of manufacturing, cell
dose, the frequency of administration, and the optimal source of MSCs.

There is a great deal of interest in biomarkers that predict GVHD development, disease
progression or response to therapeutic intervention (see review Paczesny S, Blood 131(20):
2193-204, 2018). Furthermore, changes in GVHD biomarkers may provide indication of the
mechanism of action used by MSCs to treat GVHD. For that reason, two GVHD biomarkers
were evaluated here before MSC treatment and on day 14, after two MSC infusions. Major-
Monfried et al. reported a validated algorithm of 2 serum biomarkers, ST2 and REG3a,,
which separated SR-aGVHD into 2 groups with dramatically different non-relapse mortality
(NRM) and overall survival. High biomarker probability, resistance to steroids and GVHD
severity were all significant predictors of NRM in multivariate analysis [99]. For that reason,
we evaluate ST2 and REG3-a levels here, and interestingly, as shown in figure 2, REG3-a
tended to decrease from day-1 to day 14 after MSC infusion, particularly in the high MSC
dose cohort. The decrease in REG3-a. levels correlated with clinical response (data not
shown), but the decrease in REG3-a did not reach significance here. In planning follow-on
studies, REG3-a and ST2 concentrations should be evaluated to determine if they predict
GVHD progression or response to MSC therapy. It is anticipated that, as the field matures,
biomarkers monitoring will enable the development of personalize GVHD treatment plans
and mechanistic selection of targeted interventions.

WJIMSC represent an alternative MSC source with certain advantages that bear
consideration as a cell for therapeutic application. These cells have been demonstrated,

both in our laboratory and others, to proliferate robustly and consistently ex-vivo; maintain
cytogenetic stability and their broad immunosuppressive properties through multiple
passages; are minimally immunogenic; suppress proliferation of activated T-cells, increase
production of regulatory T-cells, inhibit dendritic cell trafficking to lymph nodes and antigen
presentation; do not stimulate B cells; shift the immune response towards tolerance or
anergy; and produce exosomes with T-cell inhibitory properties [48, 51-55, 71-80]. Because
of these properties, WIJMSCs bear consideration as an alternative to bone marrow MSCs

for therapy. Additional considerations in favor of WIMSCs is the ability for advanced
manufacturing and qualification of WIMSCs to enable rapid clinical deployment.

Summary

Based on preclinical research using WIJMSCs, our group undertook a ten patient Phase 1,
two dose cohort study of MSCTC-0010 in the treatment of either HR or SR-aGVHD. The
primary endpoint of this study was to determine the safety MSCTC-0010 as determined by
lack of acute infusional toxicity, lack of TRAEs at day 42 or ectopic tissue formation at
day 90 post first infusion in either of the 2 cohorts. Using these measures, WIJMSCs were
deemed “safe”. Given the immunosuppressive properties of WIMSCs, concerns regarding
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the potentiation of infection and relapse are appropriate. Based upon this small study, it
was not possible to definitively conclude that WIMSCs lack adverse outcomes, but no
treatment-related AEs were observed here. A secondary endpoint was to gain an estimate
of clinical effect and effect size. Overall, we observed positive clinical response and clinical
effects that are more comparable in response rate and clinical effect size to Ruxolitinib or
Remestemcel-L than standard of care. That said, a phase 2 clinical trial that includes double
masked, randomized, placebo controlled design including SR and HR-aGVHD population
would be required to provide stronger evidence of WIMSCs’ clinical effects and adverse
outcomes, if any. Due to the number of GVHD patients larger studies are more difficult

to complete in a timely fashion, and a multi-center approach would be more fitting for
follow-on studies and also provide stronger clinical evidence.

Conclusions

Ten HR or SR aGVHD patients were treated with one of two doses of MSCTC-0010

in a Phase | study. Overall we found that MSC treatment appears to be safe and well-
tolerated. Our secondary outcome was to estimate clinical effect size to enable follow-on
efficacy testing. From this data, it appears that MSCs treatment is a potentially effective,
with an estimated effect size similar to Ruxolitinib or Remestemcel-L. Further studies of
MSCTC-0010 are warranted in the treatment of aGVHD.
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Overall survival
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Response rate and overall survival. A. Response rate at day 28 and day 90. B. Overall

survival.

CR=complete remission, D28= Day 28, D90=Day 90, PR=partial remission, PD=

Progressive disease, and SD= stable disease.
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Figure 2.

Reg3-a and ST2 concentrations and GvHD predictive algorithm on one day prior to infusion
(day -1) and at day 14 (day 14) post infusion of first dose. Panel A shows results from low
dose MSCT-0010 cohort. Biomarkers Reg3-a (left) and ST2 (middle) are not significantly
different after receiving MSCT-0010 treatment. There was a trend for Reg3-a to decrease
after MSC infusions (compare day-1 and day 14). The GvHD algorithm AUCs were not
significantly different after MSC infusions. There was a trend for GVHD score to increase.
Panel B shows patients in the high dose MSCT-0010 cohort. Biomarkers Reg3-a (left)

and ST2 are not significantly different after MSC infusions. There was a stronger trend for
Reg3-a to decrease after high dose MSC infusions than low dose MSC infusion (compare
effect size of Reg3-a between panels A and B). The GvHD algorithm AUCs were not

significantly different between the two samples. There was a trend for GVHD score to

decrease in high dose cohort.
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Table 1.

Quality Control of MSCTC-0010, Suspension for Infusion

Page 21

Analytical test

Method

Acceptance Criteria

Appearance Off-white, opaque, homogeneous suspension following Visual, no clumps

mixing
Phenotype Flow Cytometry > 80% CD73, CD90, CD105

< 2% CD45, CD34, CD11b, CD19, HLA DR

Cell Viability Flow Cytometry > 80%
Potency by Immunosuppression | Inhibition of PHA-induced proliferation of hPBMC by >20%

WJIMSC
Endotoxin Bacterial endotoxin USP <85> <125 EU/mI
Mycoplasma Biochemical luminescence assay Absence of mycoplasma
Sterility Microbiological control of cellular product USP <71> Absence of micro organisms

Chromosomal Stability

Karyotype

Absence of chromosomal alterations

EU = endotoxin units, PBMC= human peripheral blood mononuclear cells.

Stem Cell Rev Rep. Author manuscript; available in PMC 2022 July 18.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Soder et al. Page 22
Table 2.
Patient Demographics, aGvHD grade and response
Disease Age | Cohort | Graft Donor Conditioning | aGVHD Rx aGVHD | aGVHD | D28 doo Additional | Surviva
source grade Dx Baseline at do d28 response | PDN | agent d90 d100
MDS 73 1 BM MUD BuFlu 11BGld51 | PDN 11B SR 1B Y 70mg | none Y
Complex 2/kg, Tac
B&B
MDS 63 1 PBSC | MUD BuCy 11B GI PDN IHIBHR | 1IB Y 40mg | Rux Y
Complex d145 2/kg, Tac
B&B
PV/ 60 1 PBSC | MRD BuFlu 11C GlI, PDN IIC HR 0 Y 15mg | none Y
Myelofibrosis skin, liver
d268
AML 48 1 BM MUD BuCy 1B SR PDN 1B SR 0 Y 0 Rux Y
aGvHD 2mg/kg,
ds3 ECP
TacRux
T-NHL 65 1 PBSC | HAPLO | FluCyTBI 1c 2 PDN IIC SR 1A Y 10mg | none Y
weeks post | 2mg/kg,
Nivolumab | Rux
AML 42 2 PBSC | MUD BuCy 11B skin, MPD 11B HR 0 Y 0 none Y
Gl d31 1.6/kg,
Tac B&B
AML 57 2 BM MRD BuCy 11B d30 PDN IIC SR 0 Y 10mg | none Y
2/kg, Tac
Rux
AML 58 2 BM MRD BuCy 111C d346 MPD 11B HR 11B N 90mg | Rux Y
1.6/kg,
Tac B&B
AML 35 2 ucB ucCB FluCyThio 11B d20 CSAMPD | 1IBHR 11B N 45mg | none Y
1.6mg/kg
Myelofibrosis | 51 2 BM MUD BuFIUATG 111C d97 MPD I1IC SR v N NA n/a N
1.6mg/kg,
Tac B&B

AML = acute myeloid leukemia, MDS = Myelodysplastic syndromes, PV = polycythemia vera, T-NHL = T-cell non-Hodgkin lymphoma,

MPD = methylprednisolone, PDN=prednisone, Rux= Ruxolitinib, Tac=tacrolimus, B&B= budesonide and beclomethasone, ECP=extracorporeal
photopheresis, Bu=busulfan, Cy=Cytoxan, D=Day, Flu=fludarabine, Thio=thiotepa, SR= steroid refractory, HR=high risk, BM=bone marrow,

PBSC= Peripheral blood stem cell, UCB=Umbilical Cord Blood, MUD= Matched Unrelated Donor, MRD= Matched Related Donor
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Table 3.
Adverse Events
Adverse Events Gradel | Grade2 | Grade3 | Grade 4
Cardiac Disorder 1 0 0 0
Gastrointestinal Disorders 6 2 1 0
General Disorders 6 4 1 0
Genitourinary Disorders 0 2 0 0
Infections and Infestations 1 2 4 1
Investigations 0 2 0 0
Mental and Behavioral Disorders 4 0 0 0
Metabolism and Nutrition Disorders 4 6 1 1
Musculosketal and Connective Tissue Disorders 0 4 0 0
Nervous System Disorders 3 0 1 0
Renal and Urinary Disorders 0 1 0 0
Respiratory, Thoracic and Mediastinal Disorders 1 0 0 1
Skin and Subcutaneous Tissue Disorders 6 1 1 0

*
Adverse events were unrelated to the cell therapy.
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