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Abstract \\

Introduction: Delayed hematological recovery, graft failure, and acute graft-versus-host disease (GVHD) still remain major |
problems in cord blood transplantation (CBT). Mesenchymal stem cells (MSCs) are known to support bone marrow stroma and
promote hematopoiesis. Additionally, MSCs possess immunomodulatory properties and are used clinically for the treatment of acute
GVHD. Therefore, the use of MSCs to enhance engraftment and prevent GVHD after allogeneic hematopoietic cell transplantation
has been explored. Recent clinical trials have shown the feasibility and safety of intravenous cotransplantation of MSCs with cord
blood cells in pediatric patients, but not in adult patients, who are at greater risk of graft failure. As for the route of administration of
MSCs, direct intrabone marrow injection of MSCs is thought to enhance the engraftment of cord blood cells more than intravenous
injection. Based on these background findings, this clinical trial was designed to develop a new strategy to enhance engraftment and
prevent GVHD after CBT.

Methods and analysis: This is a single-center, phase |, clinical study to evaluate the safety of CBT combined with intrabone
marrow injection of ex vivo expanded MSCs from bone marrow of a third-party donor. Adult patients with hematological disorders are
eligible for this study. The target sample size is 5, and the registration period is 3 years. The target dose of MSCs infused is 0.5 x 10°
cells/kg of patient body weight. On the day of CBT, MSCs are injected into the intrabone marrow of the patient 4 hours before the
infusion of a single cord blood unit. The conditioning regimen varies according to patient age and disease. GVHD prophylaxis consists
of a combination of tacrolimus and methotrexate. The primary endpoint of this study is infusional toxicity of MSCs within 14 days after
transplantation.

Abbreviations: CBT = cord blood transplantation, DFS = disease-free survival, GVHD = graft-versus-host disease, HCT =
hematopoietic cell transplantation, MSC = mesenchymal stem cell, NRM = non-relapse mortality, OS = overall survival.

Keywords: cord blood transplantation, engraftment, graft-versus-host disease, intrabone marrow injection, mesenchymal stem
cell
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1. Introduction

Cord blood transplantation (CBT) has been increasingly used as a
curative treatment for various hematological disorders. Howev-
er, delayed hematological recovery and a higher rate of graft
failure after CBT lead to an increased risk of transplant-related
mortality in the early period after transplant."! To overcome
these obstacles, several strategies, such as double-unit CBT,*! ex
vivo expansion of cord blood-derived CD34* cells,”*®! and
intrabone marrow transplantation of cord blood cells,””*°! have
been explored. Besides these approaches, cotransplantation of
cord blood and mesenchymal stem cells (MSCs) has recently been
reported.[t1 14!

MSC:s are a heterogeneous subset of stromal stem cells and can
be isolated from many tissues, such as bone marrow, adipose
tissue, cord blood, and placenta. MSCs have the capacity for self-
renewal and can differentiate into mesodermal lineage cells.!"*! In
bone marrow, MSCs differentiate into bone-marrow stroma
cells, osteocytes, osteoblasts, and endothelial cells. All of these
cells form the bone marrow microenvironment, known as the
hematopoietic stem cell niche, and support hematopoiesis.'¢1”!
Besides this hematopoietic support capacity, MSCs can modulate
immune responses by producing several cytokines and growth
factors,'*! and this immunomodulatory property of MSCs has
already been applied to the treatment of graft-versus-host disease
(GVHD) after allogeneic hematopoietic cell transplantation
(HCT)."®'! In addition, MSCs are able to evade allogeneic
rejection because of low expression levels of HLA molecules and
no expression of costimulatory molecules, such as CD80, CD86,
and CD40.12%2!! Furthermore, MSCs can be easily expanded ex
vivo and stored by cryopreservation. Therefore, ex vivo
expanded and cryopreserved MSCs derived from a third-party
donor can be used for patients without considering HLA
matching. Because of these properties, MSCs have been explored
for application in enhancing engraftment and preventing GVHD
after allogeneic HCT.

The feasibility and safety of intravenous cotransplantation of
MSCs with cord blood cells in pediatric patients have been
reported by 4 clinical trials.'""*! However, cotransplantation of
MSCs and cord blood cells has not been evaluated in adult
patients, who are at greater risk of graft failure because of a lower
cord blood cell dose per patient body weight. As for the route of
MSC administration, several animal model experiments have
shown that MSCs infused intravenously were trapped in
lung,*>*3! and direct intrabone marrow injection of MSCs
could enhance the engraftment of transplanted cord blood cells
more than intravenous injection.** Additionally, intrabone
marrow injection of MSCs has been reported to be safe in
previous clinical studies.>2¢!

Based on these background findings, to develop a new strategy
not only to enhance engraftment but also to prevent GVHD after
CBT, a first phase I clinical trial was designed to evaluate the
safety of CBT combined with intrabone marrow injection of ex
vivo expanded MSCs for adult patients with hematological
disorders.

2. Methods and analysis

2.1. Study design and setting

This study is a single arm, nonrandomized, open-label, single-
center, phase I trial to evaluate the safety of CBT combined with
intrabone marrow injection of MSCs generated from bone
marrow of a third-party donor. The target sample size is 5, and
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Patient eligibility.

Inclusion criteria

(1) Patients with hematological disorder eligible for cord blood transplantation

(2) Patient age >20 y

(3) Malignant cells in bone marrow <70%

(4) Performance status (ECOG) <2

(5) Patients with available cord blood unit (HLA-A, B, DR serotypes 4/6 match, total
nucleated cell count >1.5 x 107/kg)

(6) Patients with adequate organ function (ejection fraction >40%, %FEV1.0>60%,
%VC>50%, AST <5 x ULN, ALT <5 x ULN, serum creatinine < 3 x ULN)

(7) Patients with potential MSC donor from spouse or relative within the fourth
degree of relationship

(8) Written informed consent

Exclusion criteria

(1) Positive for HIV antibody

(2) Exposure to gemtuzumab ozogamicin in the 6 mo before enroliment

(3) Pregnancy or lactation

(4) Uncontrolled psychiatric disorder

(

(

5) Uncontrolled infection

6) History of allergy to the drugs used for transplant preconditioning or GVHD
prophylaxis

(7) History of allogeneic hematopoietic cell transplantation in the 1y before
enroliment

(8) Patients judged inappropriate for this study by the physicians

ALT=alanine aminotransferase, AST=aspartate aminotransferase, ECOG=Eastern Cooperative
Oncology Group, FEV1.0=forced expiratory volume in 1second, GVHD = graft-versus-host disease,
HIV =human immunodeficiency virus, HLA =human leukocyte antigen, MSC = mesenchymal stromal
cell, ULN=upper normal limit, VC=vital capacity.

the registration period is 3 years. The compliance of this study
with the Act on the Safety of Regenerative Medicine was
confirmed by the Ministry of Health, Labour and Welfare of
Japan (number PA8160004, the latest edition ver. 5.1 22/Nov/
2016). This study was registered with the University Hospital
Medical Information Network Clinical Trials Registry (UMIN-
CTR, number 000024291). Written informed consent will be
obtained from all patients and donors before registration, in
accordance with the Declaration of Helsinki. Patients and donors
will be registered in this study after independent review by the
data center in the Department of Hematology and Oncology,
Nagoya University Graduate School of Medicine. Independent
monitoring will be planned according to the Japanese clinical trial
guideline at least annually.

2.2. Patient eligibility

The inclusion and exclusion criteria of the patients are listed in
Table 1.

2.3. Preparation of MSCs

The inclusion and exclusion criteria of the MSC donors are listed
in Table 2. Bone marrow is harvested from the posterior iliac crest
of the MSC donor with local anesthesia by the standard
procedure of bone marrow aspiration. The target MSC dose is
0.5 x 10° cells/kg of patient weight. The volume of bone marrow
aspirate is determined according to patient weight; if the patient
weight is <33, 35 to 50, or >50kg, the volume of bone marrow
aspirate is 10, 15, or 20 mL, respectively. Mononuclear cells are
isolated by centrifugation of bone marrow using Ficoll-Paque
PREMIUM (GE Healthcare Japan, Tokyo, Japan). The separated
mononuclear cells are seeded in T-25 cell culture flasks at 1.0 to
2.0 x 107 cells/flask in D-MEM medium (Thermo Fisher Scientif-
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MSC donor eligibility.

Inclusion criteria

(1) Patient’s spouse or relative within the fourth degree of relationship
(2) Donor age 20-74 y

(3) Platelet count 100-500 x 10%/L

(4) WBC count 2.8-11 x 10%/L

(5) RBC count 3.5-6.3 x 10'?/L

(6) Hemoglobin >12.5¢g/dL (male), >12.0g/dL (female)

(7) AST <2 x ULN, ALT <2 x ULN, and y-GTP <2 x ULN

(8) Negative for HIV, HTLV-1, HBc, HCV antibody, and HBs antigen
(9) Prothrombin time < 155 and activated partial thromboplastin time < 48s
(10) Systolic blood pressure >90 mm Hg

Exclusion criteria

1) Fever>37.2°C, symptoms of infection, burn injury, diarrhea, or abdominal pain on the day of bone marrow harvest
2) Dental treatment including tooth extraction or tartar removal in the 3 d before bone marrow harvest

(1)
@)
(3) Course of antibiotics in the 3 d before bone marrow harvest

(4) Psychiatric disorder or symptom judged inappropriate for this study
(5) History of blood transfusion or organ transplantation

(6) Pregnancy or lactation

(7)

7) History of using the following drugs; finasteride (in the 1 mo before bone marrow harvest), dutasteride (in the 6 mo before bone marrow harvest), etretinate, human

placenta extract

(8) History of vaccination for the following diseases: influenza, Japanese encephalitis, hepatitis B, hepatitis A, rabies, tetanus (in the 24 h before bone marrow harvest), yellow
fever, measles, polio, mumps, rubella, chickenpox, BCG vaccination (in the 4 wk before bone marrow harvest)

(
(
(
(

9) History of emergency rabies vaccination after being bitten in the 1y before bone marrow harvest

10) History of antiserum therapy for tetanus, snake venoms, or diphtheria in the 3 mo before bone marrow harvest

11) History of administration of anti-HBs human immunoglobulin in the 1y before bone marrow harvest

12) History of the following diseases or symptoms: measles, rubella, mumps, herpes zoster, chickenpox (in the 3 wk before bone marrow harvest), sepsis, diarrhea with fever,

asthma attack (in the 1 mo before bone marrow harvest), infectious mononucleosis, slapped cheek disease, parvovirus B19 infection, cytomegalovirus infection, West Nile

fever/encephalitis (in the 6 mo before bone marrow harvest)

y
1
15) Piercing of a mucous membrane such as the lip, tongue, or nose
1

3) Contact with a person with hepatitis or slapped cheek disease at work, school, or home in the 1 mo before bone marrow harvest

4) Piercing except at a medical institution, getting a tattoo, or needle-stick injury with used needles in the 6 mo before bone marrow harvest
5

6

) Following previous histories or complications: hepatitis B, hepatitis C, HTLV-1 infection, syphilis, cardiac disorder, malignant tumor, convulsive disorder, hematological

disorder, stroke, nephrotic syndrome, severe metabolic or endocrine disorder, collagen disease, hereditary disorder
(17) Following previous histories or complications in the 1y before bone marrow harvest: tuberculosis, sexually transmitted infection, surgery, hepatic disorder (requiring

treatment), renal disorder (requiring treatment), diabetes mellitus (requiring treatment)
Sexual contact with hepatitis B virus carrier in the 6 mo before bone marrow harvest

Acupuncture treatment in the 6 mo before bone marrow harvest

Sexual contact with unspecified or new partners in the 6 mo before bone marrow harvest

(For men) Sexual contact with men in the 6 mo before bone marrow harvest
Drug abuse in the 6 mo before bone marrow harvest

Positive for HIV test

Sexual contact with a person corresponding to (20-23) above
Creutzfeldt—Jakob or related disease

History of injection of human-derived growth hormone
History of corneal transplantation or neurosurgery with dura mater transplantation
Return from foreign country in the 4 wk before bone marrow harvest

Stay in any foreign countries (other than Europe, the United States and Canada) in the 1y before bone marrow harvest
Stay in any foreign countries (other than Europe, the United States and Canada) for more than 1y in the 4 y before bone marrow harvest

Stay in the United Kingdom between 1980 and 1996 for a total of more than 1 mo

Stay in Europe or Saudi Arabia for a total of more than 6 mo since 1980

(18)

19

(20)

@1

(22)

23)

(24)

(29)

(26) Creutzfeldt—Jakob or related disease patient among relatives
@7

(28)

(9

(30)

(€2))

32)

33)

(34) Judged inappropriate as an MSC donor by the physicians

v-GTP =+y-glutamyl transpeptidase, ALT =alanine aminotransferase, AST = aspartate aminotransferase, BCG =Bacillus Calmette—Guérin, HBc = hepatitis B core, HBs = hepatitis B surface, HCV = hepatitis C
virus, HIV=human immunodeficiency virus, HTLV-1=human T-cell leukemia virus type 1, MSC=mesenchymal stromal cell, RBC=red blood cell, ULN=upper normal limit, WBC =white blood cell.

ic, Waltham, MA) containing 5% human platelet lysate and 21U/
mL heparin (Mochida Pharmaceuticals, Tokyo, Japan) (referred
to as culture medium) and cultured at 37°C in a humidified
incubator containing 5% CO,. After culturing for 3 or 4 days,
nonadherent cells are removed, and the adherent cells are further
cultured. Cells are harvested at subconfluent using TrypLE Select
(Invitrogen, Carlsbad, CA). Cells at passage 1 are seeded in the
same number of T-75 culture flasks from T-25. Cells at passage 2
are seeded in the same number of T-225 culture flasks from T-75.

Cells at passage 3 or 4 are seeded in the threefold number of T-
225 flasks. MSCs are harvested after passage 3 or 4 according to
the cell count, sampled, and cryopreserved at —150°C in CP-1
(Kyokuto Pharmaceutical, Tokyo, Japan) until the day of CBT.

Human platelet lysates are prepared from single-donor platelet
concentrate provided by the Japan Red Cross Blood Center by the
Application for the use of blood donated in Japan based on the
“Guidelines on the use of donated blood in R&D, etc.”. Platelet
concentrate is frozen at —30°C and thawed twice and then stored
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at —30°C. The frozen platelet concentrate is thawed at 4°C and
centrifuged to obtain supernatant as platelet lysate.

Criteria for release of MSCs for clinical use are as follows:
viability >70%, viable cell count >0.2 x 10°cells/kg of patient
weight, absence of contamination by pathogens (as documented
by sterility test, endotoxin test, B-D-glucan assay, mycoplasma
PCR test, and viral PCR tests for hepatitis B and C virus, human
immunodeficiency virus type 1, parvovirus B19, herpes simplex
virus, varicella-zoster virus, human herpesvirus-6, cytomegalovi-
rus, Epstein—Barr virus), and immune phenotype characterized by
the expression of CD73, CD90, and CD1035 surface molecules
(>90%) and the absence of CD14, CD19, CD34, CD45, and
HLA-DR expressions (<10%).

2.4. Transplant procedure

The conditioning regimen is not defined in this study. In vivo
purging of T cells using treatments such as antithymocyte
globulin is prohibited. GVHD prophylaxis consists of the
combination of tacrolimus and short-term methotrexate. Granu-
locyte colony-stimulating factor is administered from 7 days after
transplantation until neutrophil engraftment.

2.5. Cotransplantation of MSCs and cord blood cells

On the day of CBT, MSCs are thawed, washed, and resuspended
in 2 to 10mL of a saline solution. The premedication with
hydrocortisone 100 mg and chlorpheniramine 10 mg is adminis-
tered approximately 30 minutes before injection of MSCs. After
local anesthesia, a standard bone marrow aspiration needle is
inserted into the iliac bone on one side. To assess that the needle is
securely inserted into the bone marrow cavity, aspiration of <0.5
mL bone marrow is done. Then, approximately 5 mL of MSC
suspension are injected slowly. This procedure is repeated on the
iliac bone on the contralateral side. Four hours after MSC
injection, cord blood is infused intravenously with the standard
procedure.

2.6. Endpoints

The primary endpoint of this study is infusional toxicity of MSCs
within 14 days after transplantation. Infusional toxicity is defined
as adverse events that could not be explained by other
complications, such as regimen-related toxicity or infection, that
generally occur after transplantation. Secondary endpoints
include the rate of engraftment, the time to hematopoietic
recovery, the incidences and severities of acute and chronic
GVHD, the incidences of regimen-related toxicities and infection,
and the probabilities of nonrelapse mortality (NRM) at 100 days,
relapse, disease-free survival (DFS), and overall survival (OS) at 1
year after transplantation.

2.7. Definitions and statistical analysis

Engraftment is defined as neutrophil recovery greater than 0.5 x
10%/L for 3 consecutive days. The time to neutrophil engraftment
is defined as the first day of achieving an absolute neutrophil
count greater than 0.5 x 10%/L for 3 consecutive days. The time to
platelet and reticulocyte recoveries is defined as the first days of
achieving a platelet count more than 20x10°/L, and a
reticulocyte count more than 1% for 3 consecutive days without
transfusions. Primary graft failure is defined as the lack of
neutrophil engraftment in patients surviving at least 60 days, and
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secondary graft failure is defined as neutrophil engraftment
followed by a decline in neutrophil count to below 0.5 x 10°/L for
3 consecutive days. Acute GVHD is diagnosed and graded
according to the consensus criteria.””! Chronic GVHD is
evaluated according to the traditional Seattle criteria?®! and
the NIH criteria for diagnosis and severity of chronic GVHD.?"!
Relapse is defined as recurrence of disease after transplantation.
NRM is defined as death without disease relapse. The
probabilities of relapse, NRM, acute GVHD, and chronic
GVHD are estimated on the basis of cumulative incidence curves
to accommodate the following competing events: death without
relapse for relapse, relapse for NRM, and death without GVHD
and relapse for GVHD. The probability of DFS is calculated from
the day of transplantation until death from any cause, relapse, or
last follow-up according to the Kaplan—-Meier method. The
probability of OS is calculated from the day of transplantation
until death from any cause or last follow-up according to the
Kaplan—Meier method.

3. Discussion

This clinical phase I trial has been designed to evaluate the safety
of CBT combined with intrabone marrow injection of ex vivo
expanded MSCs. We consider that coinfusion of MSCs, which
are known to promote hematopoiesis and modulate immune
reaction, will both enhance the engraftment of cord blood cells
and prevent the occurrence of GVHD. This strategy might be
applicable not only to CBT, but also bone marrow or peripheral-
blood stem-cell transplantation, leading to benefits such as
suppression of severe GVHD in HLA-mismatched settings and
reduction of the burden imposed on hematopoietic stem cell
donors by decreasing the required stem cell number. We hope
that this study will provide a basis for further clinical trials of this
strategy for the improvement of the outcome of hematopoietic
cell transplantation.
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