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Preface

Hematopoietic stem cell (HSC) transplantation has achieved widespread use for the

clinical treatment of both malignant and nonmalignant hematologic disorders in humans

[Baron and Storb, 2006; Copelan et al., 2019]. Hematopoietic stem cell transplantation

(HSCT) therapy is categorized as autologous and allogeneic transplantation, depending

on the origin of the transplanted cells. In autologous HSCT, HSCs are collected from the

patient’s own blood before conditioning therapy, such as high-dose chemotherapy and

total body irradiation (TBI). Autologous HSCT is not a concern with immune-mediated

graft rejection, but the patient’s own graft may be contaminated by residual tumor cells,

which results in the possibility of recurrence in cancer patients [DiPersio et al., 2011]. On

the other hand, allogeneic HSCT uses HSCs that are obtained from a genetically matched

donor. The antitumor effect of allogeneic HSCT has been attributed not only to

conditioning therapies but also to graft-versus-leukemia effects, which are related to the

immune-mediated reaction of the donor immune cells to the remaining tumor cells

[Copelan ef al., 2019]. In previous studies in veterinary medicine, dogs with B- or T-cell

lymphoma were treated with autologous peripheral HSC transplantation combined with

high-dose chemotherapy and TBI [Warry et al., 2014; Willcox et al., 2012]. The findings

of these studies suggested that peripheral blood CD34" stem cell (PBSC) transplantation



can cure a subpopulation of dogs with B- and T-cell lymphoma. In addition, Suter et al
(2015) reported long-term stable full donor chimerism and favorable prognosis in a canine
case of acute lymphoblastic leukemia treated with allogeneic HSCT. Although HSCT has
shown promise as a highly effective treatment for canine hematologic malignancies,
transplantation therapy is still an unfamiliar treatment in the veterinary clinical field.

In human medicine, PBSCs collected using apheresis machines are the most common
type of HSCs used for transplantation [Korbling and Freireich, 2011]. Granulocyte-
colony stimulating factor (G-CSF) is the most frequently used agent for facilitating PBSC
mobilization in both human and veterinary medicine [Burroughs et al., 2005; Warry et al.,
2014; Willcox et al., 2012]. However, 10 to 29% of human patients, such as the elderly,
heavily pretreated patients, or patients with significant myelophthisis, fail to obtain
optimal PBSC yields (>2.0 x 10% CD34" cells/kg) with a regimen of G-CSF and high-
dose chemotherapy mobilization to proceed with autologous HSC transplantation
[Sancho et al., 2012; Jantunen and Kvalheim, 2010]. In addition, higher PBSC yields,
such as >4-5 x 10% CD34" cells/kg has been associated with faster neutrophil and platelet
recovery, reduced hospitalization, decreased blood transfusion requirement, and reduced
need for antibiotic therapy [Giralt et al., 2014; Gunn et al., 2003; Stiff et al., 2011],
although the eventual rate of successful marrow reconstruction is not affected, as long as

the minimum target CD34" cells are transplanted [Mohty et al., 2018]. Therefore, to make



this treatment more feasible, determining a mobilization protocol that can yield higher
PBSC counts for transplantation is essential.

The Spectra Optia® apheresis system (TerumoBCT, Lakewood, CO, USA) was
introduced in 2014 to replace the COBE® Spectra apheresis system, which had been the
most popular apheresis machine used in humans for several decades. The Spectra Optia®
apheresis system has an advanced automated interface management system that
automatically detects and maintains a bufty coat interface for PBSC collection [Even-Or
et al., 2017]. An earlier version of the Spectra Optia® supported only a mononuclear cell
(MNC) collection procedure, and had a secondary collection chamber that separated the
MNCs from platelets. The continuous mononuclear cell collection (CMNC) procedure
can be used on the newer version of the Spectra Optia®. In contrast to the MNC collection
procedure, the CMNC procedure eliminates the secondary collection chamber and allows
for MNCs to be transferred continuously from the buffy coat into the collection bag
[Pandey and Cottler-Fox, 2018]. Although the COBE® Spectra machine is safe and
efficient at collecting PBSCs from veterinary species, including dogs [Warry et al., 2014;
Willcox et al., 2012], to my knowledge no published study has examined the safety and
feasibility of the use of the Spectra Optia® machine in dogs.

Pretransplant conditioning treatments were designed to eliminate residual malignant

cells and eradicate the recipient’s immune system. Traditionally, supralethal doses of TBI



and/or high-dose chemotherapy have been used for pretransplant conditioning, which is

also referred to as myeloablative conditioning, in human allogeneic HSCT [Baron and

Storb, 2006]. These aggressive conditioning regimens have been associated with

treatment-related toxicity and mortality; therefore, they are not used in patients with

advanced aged or comorbidities [Baron and Storb, 2006]. Nonmyeloablative conditioning

has attracted a lot of interest for its use in extending the application of allogeneic HSCT

to patients with a variety of conditions, and various regimens have yielded practical

applications in human medicine [Baron and Sandmaier, 2006; Storb et al., 1997; Storb et

al., 1999; Spinner et al., 2019]. Storb et al (2001) proposed the following criteria for

nonmyeloablative conditioning: (1) no eradication of host hematopoiesis, (2) prompt

hematologic recovery (<4 weeks) without HSCT, and (3) the presence of mixed

chimerism upon engraftment. Although there have been no reports of allogeneic HSCT

using nonmyeloablative conditioning for clinical cases in veterinary medicine, previous

preclinical research using dogs showed that the use of 2 Gy TBI combined with

immunosuppressive drugs provided a stable allograft with a reduction in transplant-

related toxicities [Storb ef al., 1997; Storb et al., 1999]. This regimen has been translated

to human medicine as nonmyeloablative conditioning [Fatobene et al., 2020].

Nonmyeloablative conditioning likely enables safe and secure allogeneic HSCT therapy

in veterinary medicine and is considered one of the important factors in the spread of



canine transplantation therapy, as it is for human medicine.

The objectives of the present study were to establish allogeneic PBSC

transplantation using nonmyeloablative conditioning with the goal of practical

application in veterinary medicine. In chapter I, the effective mobilization protocols were

investigated for efficiently collecting the required number of PBSCs from the recipient.

In chapter 11, to establish a safe, and effective pretransplant conditioning treatment for the

donor dog, the feasibility of total lymphoid irradiation (TLI) as a nonmyeloablative HSCT

conditioning method was evaluated. The present study demonstrates that PBSC apheresis

and TLI are efficacious in achieving a safe HSCT treatment regimen for use in the

veterinary field.



Chapter 1

Comparison of three mobilization protocols for peripheral

blood stem cell apheresis in healthy dogs



Introduction

Peripheral blood CD34" stem cell (PBSC) sourced by apheresis is the most common
type of hematopoietic stem cell (HSC) used for transplantation in human medicine
[Korbling and Freireich, 2011]. Autologous stem cell transplantation combined with high-
dose chemotherapy is the part of standard therapy in human patients with aggressive
hematologic malignancies [Schmitz et al., 2002]. In previous studies in veterinary
medicine, dogs with B- or T-cell lymphoma were treated with autologous peripheral
hematopoietic stem cell transplantation (HSCT) combined with high-dose chemotherapy
and total body irradiation (TBI) [Warry et al., 2014; Willcox et al., 2012]. The findings
of these studies suggested PBSC transplantation as an effective treatment option for dogs
with lymphoma.

In general, the peripheral blood of various animals, such as humans, rhesus
macaques, and dogs, contains a small number of HSCs [Burroughs ef al., 2005; Haynes
et al., 2017]. In both human and veterinary medicine, granulocyte colony-stimulating
factor (G-CSF) is the most commonly used agent for facilitating PBSC mobilization
[Burroughs et al., 2005; Warry et al., 2014; Willcox et al., 2012]. Apheresis is typically
initiated 4-5 days after beginning G-CSF mobilization. The accepted minimal cell dose

needed for a successful transplant in humans is >2.0 x 10 cells/kg. However, 10-29% of



human patients fail to obtain the adequate PBSC yields with the G-CSF and chemotherapy
mobilization regimen to proceed with autologous HSCT [Jantunen and Kvalheim, 2010;
Sancho et al., 2012]. In addition, higher PBSC yields, such as >4-5 x 10° cells/kg has
been associated with faster neutrophil and platelet (PIt) recovery, reduced hospitalization,
need for blood transfusion, and antibiotic therapy [Giralt et al., 2014; Gunn et al., 2003;
Stiff et al., 2011], although eventual rate of successful marrow reconstruction is not
affected as long as the minimum target CD34" cells are transplanted [Mohty et al., 2018];
therefore, the determination of a mobilization protocol that can yield higher PBSC counts
for transplantation is essential to make this treatment successful.

Plerixafor reversibly inhibits the binding of chemokine stromal cell-derived factor-
la (SDF-1a) to its cognate receptor CXC chemokine receptor 4 (CXCR4) [Kessans et al.,
2010]. Bone marrow stromal cells and HSCs express SDF-1a and CXCRA4, respectively.
Plerixafor disrupts the binding of CXCR4 and SDF-1a; as a result, HSCs in the bone
marrow mobilize into the bloodstream. In general, plerixafor is used in the combination
with G-CSF. In current human clinical studies, the HSC mobilization regimen,
comprising G-CSF plus low-dose plerixafor (0.24 mg/kg), has been found to be more
efficient than G-CSF alone for PBSC mobilization [DiPersio et al., 2009; Teusink et al.,
2016]. In these studies, patients were treated with G-CSF for 4-5 days and were given

plerixafor several hours prior to the apheresis. A study using a canine transplantation



model has shown that a single administration of high-dose plerixafor (4 mg/kg) without
G-CSF results in a mobilization of PBSCs sufficient for transplantation [Burroughs et al.,
2005]. To the best of my knowledge, no study has evaluated the effectiveness of a regime
comprising G-CSF and low-dose plerixafor for mobilization of PBSCs in veterinary small
animal practice.

The Spectra Optia® (TERUMO BCT, Tokyo, Japan) continuous mononuclear cell
collection (CMNC) protocol is a recently introduced apheresis system. This protocol
allows for the white blood cells to be continually collected from buffy coat into the
collection bag. The efficiency and safety of this novel system has been reported in several
human clinical studies [Cancelas et al., 2016; Even-Or et al., 2017; Punzel et al., 2017].
Especially, this system enhances automation and allows reproducibility and flexibility for
the operator performing the apheresis procedure. There is no published study, to my
knowledge, that has examined the safety and feasibility of using the Spectra Optia®
machine in dogs. Therefore, in this study, there were two goals; the primary objective was
to evaluate the feasibility and safety of the Spectra Optia® apheresis system and the
CMNC procedure in dogs; the secondary objective was to compare three mobilization
regimens in healthy dog (G-CSF alone, high-dose plerixafor alone, G-CSF plus low-dose
plerixafor combination), to determine which regime yielded the highest number of

harvested PBSCs when collections were performed using Spectra Optia® apheresis



system and the CMNC protocol.
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Materials and methods

Animals

Nine healthy laboratory beagles (one intact male and eight intact females) were used

in this study. The dogs weighed 9.7-11.4 kg (mean 10.3 kg) and were aged 12-19 months

(mean 14.3 months). These dogs were divided into three groups according to the assigned

mobilization protocol (plerixafor, G-CSF, and combination regimen). Each dog

underwent mobilization and apheresis once. All animal procedures used in this study were

reviewed and approved by the Institutional Animal Care and Use Committee of Hokkaido

University (approval number: 15-0102). Prior to the experiments, blood laboratory tests

[e.g., complete blood counts (CBCs) and general blood chemistry components] revealed

that blood parameters of each animal were within the normal ranges. These tests were

conducted using a Procyte™ (IDEXX Laboratories, Tokyo, Japan) and Dri-Chem 7000V

(FUJIFILM, Tokyo, Japan).

Stem Cell Mobilization Regimens

Bone marrow-derived stem cells were mobilized to peripheral blood using one of

the three regimens. In plerixafor group (Dogs A, B, and C), the dogs were administered

high-dose plerixafor [4 mg/kg subcutaneous administration (SC)] (Sigma Aldrich, Tokyo,
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Japan) 5 hours (h) before starting the apheresis [Warry et al., 2014]. In recombinant

human (rh) G-CSF (Chugai Pharmaceutical, Tokyo, Japan) group (Dogs D, E, and F), the

dogs were administered rhG-CSF (5 pg/kg SC ql12h) starting 5 days before apheresis

[Suter, 2011]. Apheresis was performed at 9 h after the last dose of thG-CSF. In the

combination group (Dogs G, H, and 1), the dogs were administered the same protocol as

in the thG-CSF group, and low-dose plerixafor (0.24 mg/kg SC) was administered 4 h

after the last thG-CSF injection [Dipersio et al., 2009]. Apheresis was then performed at

5 h after plerixafor administration.

During the mobilization treatment, CBCs were performed on Days 1, 2, 3, and 4

after thG-CSF administration and 1, 2, 3, and 4 h following plerixafor administration. At

the same time, peripheral blood samples were collected for PBSC analysis using flow

cytometry.

Apheresis Procedure

For the apheresis procedure, all animals were anesthetized with propofol (6.0 mg/kg)

(DS Pharma Animal Health, Osaka, Japan) administered intravenously. Subsequently, the

animals were intubated and maintained on a mixture of isoflurane (DS Pharma Animal

Health) in oxygen. An 18-gauge, 5.1-cm catheter was placed percutaneously in a jugular

vein. This catheter served to obtain blood samples and as an apheresis line. In addition, a

12



20-gauge, 5.1-cm catheter was placed in the saphenous vein as a blood transfusion line.

All apheresis procedures were performed on the Spectra Optia® CMNC protocol using
intermediate density layer disposable tubing set (TERUMO BCT). The initial priming of
the tubing kit used stored autologous whole blood. This blood (200 mL) was extracted 2-
3 weeks before apheresis; it was stored in a sterile blood-collection bag containing an
anticoagulant citrate dextrose formula-A (ACD-A) (TERUMO, Tokyo, Japan) at 4°C
until the day of apheresis [Lupu et al., 2008]. The target blood volume to be processed
was three times the total canine blood volume (90 mL/kg x 3). The ACD-A solution
(TERUMO) infusion rate was set at 1.2 mL/min/L of total blood volume, and the ACD-
A ratio was set at 1:12. The collection preference ranged from 50-70, and the inlet flow

rate was set at 14-16 mL/min.

Animal Monitoring during Apheresis

During apheresis, animals were monitored every 5 minutes (min) by continuous
electrocardiogram, oxygen saturation via pulse oximetry, end-tidal carbon dioxide,
indirect blood pressure measurement, and rectal temperature. Air-heating pads were used
to maintain the body temperature of the dogs within the physiological range. In the event
where the mean arterial blood pressure decreased below 60 mmHg, a continuous rate

infusion (CRI) of dopamine hydrochloride (Kyowa Hakko Kirin, Tokyo, Japan) at 3-7

13



ng/kg/min was used to increase the blood pressure. Blood samples were collected every

20 min during apheresis to assess CBCs, sodium, potassium, chloride, and serum calcium.

To avoid anticoagulant induced hypocalcemia, 0.85% calcium gluconate solution (Nichi-

Iko, Toyama, Japan) was administered as a CRI throughout apheresis. The infusion rate

ranged from 8.5 to 42.5 mg Ca/kg/h, depending on the serum calcium concentration.

Apheresis Product (PBSC) Analysis

A sample of the apheresis product was subjected to PBSC count using FACS Versa™

(BD Bioscience, San Jose, CA, USA) and CBCs analysis. The phycoerythrin (PE)-

conjugated mouse anti-canine CD34 [clone [H-6 (BD Bioscience), diluted to 1:40 in 2%

fetal bovine serum (BD Bioscience)] and fluorescein isothiocyanate (FITC)-conjugated

rat anti-canine CD45 (1:20, eBioscience, Santa Clara, CA, USA) monoclonal antibodies

were used for flow cytometry. A PBSC was defined as the cell that was CD34-positive

and CD45 weakly-positive, and the PBSC count was calculated from the following

formulae:

Total white blood cell (WBC) count yield (count) = [product volume (mL)] X (WBC

count/uL) X 1,000,

PBSC yield (cells/kg) = (total WBC yield) X [(CD34-positive and CD45 weakly-

positive cell count)/(CD45-positive cell count)]/body weight (kg).

14



Plt loss in the dogs was calculated as follows:

PIt loss = [1 — (post-apheresis Plt count/pre-apheresis Plt count)].

Statistical analysis

Statistical analysis was performed using Microsoft® Excel 2013 (Microsoft,

Redmond, WA, USA). The results are presented as mean =+ standard deviation (SD). To

detect differences in apheresis product counts and characteristics between the three

mobilization groups, Tukey multiple comparison test was used. P values < 0.05 were

considered statistically significant.
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Results

Mobilization

Figure 1 shows the kinetics of WBC and monocyte counts before and after the

administration of rhG-CSF and/or plerixafor in peripheral blood. In the plerixafor group

(Dogs A, B, and C), the absolute WBC counts increased 1.2-, 1.8-, and 2.2-fold,

respectively, at 4 h after plerixafor administration. The absolute monocyte counts in Dogs

A, B, and C increased by 1.9-, 4.9-, and 2.0-fold, respectively, 4 h after plerixafor

administration. In the thG-CSF group (Dogs D, E, and F), the absolute WBC counts

increased by 3.6-, 3.7-, and 3.4-fold, respectively, at 4 days after the start of mobilization.

The absolute monocyte counts in Dogs D, E, and F increased 2.1-, 7.1-, and 3.9-fold,

respectively, at 4 days after rhG-CSF administration. In the combination group (Dogs G,

H, and I), the absolute WBC counts increased by 2.4-, 2.5-, and 3.6-fold, respectively, at

4 days after rhG-CSF administration. The absolute monocyte counts in Dogs G, H, and I

increased by 3.5-, 4.1-, and 3.1-fold, respectively, at 4 days after rhG-CSF administration.

The WBC counts in these three dogs further increased by 3.3-, 3.3-, and 4.3-fold,

respectively, after plerixafor administration compared with the WBC count before

mobilization. The monocyte counts in these three dogs reached the highest level at 2 h

after plerixafor administration and increased by 4.8-, 7.9-, and 4.4-fold, respectively, over

16



the pre-mobilization values.

Flow cytometry was performed before and during each mobilization protocol to

measure PBSCs, except for Dog B, in which the flow cytometric analysis could not be

performed due to technical error. In general, the degree of mobilization varied

significantly among the dogs in all mobilization protocols, although there was a consistent

trend that the number of PBSCs increased with the procedure. The PBSC count in Dogs

A and C increased by 1.5- and 1.9-fold, respectively, at 4 h after plerixafor administration

compared with the PBSC count before the start of mobilization (Figure 2). The percentage

of the PBSCs in total WBC before and 4 h after mobilization ranged 0.011-0.056% and

0.070-0.098%, respectively. In the thG-CSF group (Dogs D, E, and F), the PBSC count

increased by 4.3-, 4.3-, and 5.6-fold, respectively, 4 days after the start of mobilization

(Figure 2). The percentage of the PBSCs in total WBC before and 4 days after

mobilization ranged 0.051-0.067% and 0.062-0.11%, respectively. In the combination

group (Dogs G, H, and I), the PBSC count increased by 3.9-, 8.9-, and 3.8-fold,

respectively 4 days after rhG-CSF administration (Figure 2). The percentage of the

PBSCs in total WBC before and 4 days after mobilization ranged 0.020-0.057% and

0.039-0.069%, respectively. In this group, plerixafor administration further enhanced the

PBSC mobilization. The PBSC count in Dogs G and I reached a maximum value

(increases of 18.3- and 5.8-fold compared with the PBSC count before the start of

17



mobilization, respectively) at 2 h after plerixafor administration. The PBSC count in Dog

H reached a maximum value (28.3-fold) at 4 h after plerixafor administration. The

percentage of the PBSCs in total WBC at 4 h after plerixafor ranged 0.052-0.17%.

In one of G-CSF-mobilized dogs (Dog E) and two of the G-CSF/Plerixafor

combination group (Dogs G and 1), peripheral Plt counts decreased by 26-45% at day 4

(Figures 3). In two of the plerixafor mobilized dogs (Dogs A and C) and one of the G-

CSF/Plerixafor combination group (Dog H), hematocrit decreased by 15-25% at 4 h after

plerixafor administration (Figures 3). These changes, however, remained within the

reference range (37.3-61.7 %), and no clinical signs associated with the mobilization were

observed in any of the dogs.

Table 1 shows the collection parameters in the three mobilization groups. There were

no significant differences among the three groups in any apheresis parameter. The mean

blood volume processed, ACD volume, collection length, product volume, and ACD

volume in product in all nine dogs were 2.8 £ 0.2 L, 255.8 £ 12.7 mL, 229.3 £ 11.0 min,

116.9 +29.6 mL, and 13.3 + 3.9 mL, respectively.

Apheresis Product Composition

The apheresis products in the three groups contained a variable PBSC count (Figure

4A). The total PBSC count in Dogs A, B, and C (the plerixafor group) were 1.6, 1.6, and

18



0.7 x 10° cells/kg, respectively; in Dogs D, E, and F (the thG-CSF group), 5.3, 3.3, and
4.1 x 108 cells/kg, respectively; and in Dogs G, H, and I (the combination group), 8.6, 6.3,
and 4.4 x 106 cells/kg, respectively. The mean PBSC counts of the apheresis products in
plerixafor, thG-CSF, and the combination groups was 1.3 + 0.24, 4.2 + 0.47, and 6.4 +
0.9 x 106 cells/kg, respectively. As shown in Figures 4A and B, the mean PBSC (P =
0.033) and monocyte (P = 0.022) counts of the apheresis product in the combination

group was significantly higher than those in the plerixafor group.

Adverse events

Peripheral Plt counts decreased during the apheresis procedure in all nine dogs
(Figures 5). The mean peripheral Plt count was 263 +43.2 x 103 cells/uL at the beginning
of apheresis and 134 + 31.1 x 10° cells/uL at the end of it. In five of the nine dogs, Plt
counts decreased below the reference range (148-484 x 10° cells/uL); however, no clinical
signs related with thrombocytopenia were observed. The mean time for the Plt count to
recover to the normal range was 2.8 £ 1.3 days after apheresis. The mean serum
calcium value was 10.5 + 0.4 mg/dL at the beginning of apheresis and 8.2 + 0.5 mg/dL at
the end of it. In eight of the nine dogs, serum calcium concentration was lower after
apheresis than the reference value. Serum calcium values returned to the normal range by

24 h after apheresis in all nine dogs. No other clinical complication was observed.
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Table 1. Apheresis parameters of the nine dogs that underwent cell mobilization with each

regimen.

Plerixafor G-CSF Combination
Blood volume processed (L)
Mean £+ SD 297+0.1 2.76 £0.1 2.66+0.0
ACD volume (mL)
Mean £+ SD 270+ 0.0 251 +£8.5 246 +£9.7
Collection duration (minute)
Mean £ SD 227+2.6 222+59 239+ 12.8
Product volume (mL)
Mean £+ SD 106 £4.3 138 +42.8 107 +11.2

Abbreviations: Combination, G-CSF + plerixafor mobilization, ACD, anticoagulant

citrate dextrose; SD, standard deviation.
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Figure 1. Changes in peripheral WBC and monocyte counts pre-mobilization (PM), 1 (1 H), 2 (2
H), 3 (3H) and 4 (4 H) hours after plerixafor administration, after 1 (DAY 1), 2 (DAY 2), 3
(DAY 3) and 4 (DAY 4) days of G-CSF administration, pre-plerixafor administration (PP), and
pre-apheresis (PA).
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Figure 2. Changes in PBSC counts pre-mobilization (PM), 2 (2 H) and 4 (4 H) h after
plerixafor administration, after 2 (DAY 2) and 4 (DAY 4) days of G-CSF administration, and

pre-plerixafor administration (PP).
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Abbreviation: SD, standard deviation, NS, no statistical difference. *P < 0.05.
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Discussion

This study compared three mobilization protocols for canine PBSC apheresis using
the Spectra Optia® CMNC protocol. It was shown that the mobilization protocol using G-
CSF or G-CSF + low-dose plerixafor in healthy beagle dogs can facilitate the collection
of the necessary and sufficient amount of PBSCs for a HSCT. In addition, it was
demonstrated that apheresis using the Spectra Optia® CMNC protocol in dogs weighing
<12 kg is safe and feasible as with conventional machines.

The apheresis products contained >4.0 x 10 PBSCs/kg in all three dogs of the G-
CSF + low-dose plerixafor combination protocol group. According to human and canine
studies, the minimum cell dose needed for successful HSCT is 2.0 x 10 PBSCs/kg.
However, a higher number of infused PBSCs, such as >4-5 x 10 PBSCs/kg, is targeted
for the treatment in humans as it reportedly leads to earlier Plt and neutrophil recovery
and better clinical outcome [Leung and Kwong, 2010; Mohty et al., 2018; Willcox et al.,
2012]. Non-Hodgkin’s lymphoma data of human autologous PBSC transplantation
suggest that with the G-CSF and plerixafor mobilization protocol, a significantly higher
proportion of patients (59%) can achieve the target PBSC count (>5.0 x 10 PBSCs/kg)
in fewer days of apheresis compared with that by G-CSF alone (20%) [Dipersio ef al.,

2009]. In human tumor cases of poor mobilization in response to G-CSF alone, plerixafor
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may rescue patients from mobilization failure. In a previous study, 75% (42/56 cases) of
patients who had failed to achieve a minimal cell dose or did not proceed to apheresis due
to a low PBSC count with conventional mobilization protocol (without plerixafor)
successfully reached the target PBSC count (>2.0 x 10° PBSCs/kg) after undergoing a G-
CSF + plerixafor protocol [Duarte et al., 2011]. To the best of my knowledge, this
combination protocol has not been evaluated in terms of efficacy and feasibility of
apheresis in experimental or clinical canine studies. In veterinary medicine, as general
anesthesia is necessary for apheresis, it is desirable to collect the target PBSC count using
a single procedure. Moreover, this indicates that if a set PBSC count is to be extracted,
using this mobilization protocol would enable reduction in the volume of blood processed,
and therefore, a shorter duration of anesthesia would be needed for the apheresis
procedure. Accordingly, it is important to increase the number of extracted PBSCs by
enhancing the mobilization effect. This data suggested that a G-CSF + low-dose
plerixafor protocol is a more effective mobilization regimen for canine apheresis than G-
CSF or high-dose plerixafor alone.

In the plerixafor group, all three dogs failed to obtain sufficient PBSC yields (i.e.,
<2.0 x 10°PBSCs/kg). In a previous study, a single administration of high-dose plerixafor
resulted in efficient mobilization of PBSC for HSCT in dogs (median PBSC count

contained in the apheresis product, 3.9 x 10%kg) [Burroughs et al., 2005]. Conversely,
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the elevation of peripheral blood WBC and HSC counts up to 4 h after plerixafor

administration in the previous study was comparable to that in the present study.

Variations in apheresis parameters and/or the timing of the collection of cells may have

contributed to the failure to obtain a sufficient number of PBSCs in this study. In a similar

study using a rhesus macaque model, the apheresis procedures were initiated 3-6 h after

plerixafor administration [Haynes et al., 2017]. In the canine transplantation model study,

the number of circulating PBSCs peaked at 8 h following plerixafor administration in

three of four dogs [Burroughs et al., 2005]. Based on these animal model studies, the

mobilization protocol consisted of approximately a 4-h apheresis initiated 5 h after

plerixafor administration. In human medicine, plerixafor is recommended to be given 10-

11 h before apheresis [Stewart et al., 2009]. It is suggested that the response time to

plerixafor varies depending on the individual or species. By delaying the start of apheresis

by 1-2 h, it is possible to increase the number of PBSCs collected by apheresis.

Furthermore, as the present study aimed at comparing the three mobilization regimens,

apheresis parameters were standardized based on the characteristics described above.

These apheresis parameters may also have played a major role in the outcome of PBSC

collection by apheresis in this study. Therefore, further consideration will be needed in

future studies.

In the current study, peripheral Plt counts and hematocrit decreased after plerixafor
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administration in some dogs. In the rhesus macaque model study, subcutaneous injection
of plerixafor resulted in a decrease in peripheral Plt counts [Haynes et al., 2017].
Furthermore, plerixafor influences red blood cells and Plts; it reportedly causes anemia
or thrombocytopenia in 3-6% of human patients [Cashen et al., 2008; Kessans et al.,
2010]. However, few studies on plerixafor mention on the severities of these adverse
events or the occurrence of any other serious adverse events. In the present study, clinical
symptoms related to thrombocytopenia or anemia were not observed after plerixafor
administration; therefore, it was shown that plerixafor and the mobilization protocols used
in this study can be safely performed in dogs.

Overall, the mean Plt counts in peripheral blood pre- and post-apheresis were 263
+43.2 and 134 £ 31.1 x 103 cells/uL, respectively. The mean Plt attrition rate associated
with apheresis using the Spectra Optia® CMNC protocol was 48% (33.5-66.5%).
Consistent with this results, previous human and canine apheresis studies described a
decrease in Plt count (27.0-44.7%) after apheresis compared with the count before
apheresis [Lee et al., 2017; Punzel et al., 2017; Putensen et al., 2018; Suter, 2011]. Loss
of Plts is an adverse effect commonly associated with apheresis. Punzel et al. evaluated
the impact of a lower packing factor (PF) for the CMNC protocol on decreased product
Plt yield [Punzel et al., 2017]. Although the PF was set uniformly by 4.5 (machine default

value) in the present study, it is possible to preserve Plts if a lower PF, such as 4.0, is used.
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In this study, eight of the nine dogs experienced mild anemia before blood was

collected to the apheresis machine. Although no abnormal hematological changes were

identified on the day of apheresis in these dogs (data not shown), anemia was confirmed

after the induction of anesthesia. This hematological change in all eight dogs was resolved,

and hemoglobin values were within the normal range by 24 h after apheresis. The cause

of anemia in these eight dogs was unclear. However, it is possible that the mobilization

regimens and apheresis procedure were not the direct cause of this phenomenon.

Apheresis in pediatric patients and dogs (i.e., low-weight patients) has raised similar

concerns regarding a larger machine and tubing kit priming volume (extracorporeal

volume) compared with the patient’s blood volume [Even-Or et al., 2017]. Therefore, in

these low-weight patients, the apheresis machine was primed with saline, albumin

solution, packed red blood cells, or whole blood. In a previous study, three dogs weighing

<14.0 kg had mild-to-moderate anemia (packed cell volume; 17-35%) after apheresis

[Posner et al., 2013]. In that study, a combination of colloid and crystalloid solutions,

saline, and autologous whole blood were used as priming solutions. In the present study,

the machine priming was performed using stored autologous whole blood, which resulted

in the maintenance of the hematocrit during apheresis. Thus, this technique is considered

to be effective for a more secure and safer apheresis for small-to-middle-sized dogs.

In the present study, eight of the nine dogs developed hypocalcemia during
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apheresis. The cause was likely the insufficient administration of calcium gluconate. The

citrate contained within the anticoagulant has been utilized for apheresis; therefore,

citrate-induced hypocalcemia is well known as an apheresis-related complication. In a

human study, the serum calcium concentration decreases by 33-39% after apheresis

compared with the concentration before apheresis, and this decrease is associated with

the citrate dose [Bolan et al., 2001]. Therefore, a CRI of calcium gluconate solution was

used to prevent citrate-induced hypocalcemia throughout apheresis. In a previous study,

the concentration of the calcium gluconate solution used in apheresis was approximately

10 times higher than that used in the present study [Suter, 2011]. Thus, if the solution was

changed to a higher concentration, a decrease in serum calcium concentration could be

prevented during apheresis.

The limitations of the present study include the small sample size and lack of the

confirmation regarding engraftment ability of the collected stem cells. First, the sample

size was small, and the fact that some differences between the groups did not reach

statistical significance may reflect a lack of power. Second, potential factors affecting the

PBSC yield could not be analyzed. Third, only evaluated the number of the collected

PBSCs was evaluated. Accordingly, further studies are required to consider the

differences in the engraftment rate or recovery period and the hematopoietic efficacy of

the mobilization regimen or transplanted cell number.
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In conclusion, these results indicate that the apheresis procedure using Spectra
Optia® CMNC protocol allows safe and adequate collection of PBSCs in healthy dogs
after mobilization with a combination regimen comprising G-CSF and low-dose
plerixafor. In addition, this mobilization protocol may contribute to a decrease in the
percentage of collection failure associated with conventional mobilization protocols in
dogs. Adverse effects from this procedure were transient and mild without any clinical
signs. A further study in a clinical setting to evaluate the safety and efficacy of this

mobilization protocol and apheresis procedure is warranted.
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Summary

In veterinary medicine, hematopoietic stem cells are generally mobilized into
peripheral circulation using a granulocyte-colony stimulating factor (G-CSF). This study
aimed to evaluate the peripheral blood stem cell (PBSC) mobilization effect of three
different regimens for PBSC apheresis with Spectra Optia® continuous mononuclear cell
collection (CMNC) protocol in healthy dogs. In this study, PBSC mobilization was
performed using high-dose plerixafor alone, a G-CSF alone, or the combination of the
low-dose plerixafor and G-CSF. Three dogs were assigned to each mobilization protocol.
The total blood volume processed was uniformly set as 270 mL/kg and the number of
PBSCs within the apheresis product were compared. Changes in complete blood count,
PBSC counts, and blood chemistry analysis were monitored before, during, and after
apheresis. All dogs tolerated the apheresis procedure using the Spectra Optia® system
with minimal adverse effects. The mean PBSC counts of the apheresis products for
plerixafor, G-CSF, and the combination group were 1.3 + 0.24, 4.2 + 0.47, and 6.4 + 0.9
x 10% cells/kg, respectively. These results indicate that PBSC mobilization with the
combination of G-CSF and plerixafor appeared the most effective protocol than

traditional mobilization regimens in dogs. Further, the apheresis procedure using Spectra
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Optia® CMNC protocol in dogs is safe and feasible.
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Chapter 11

Nonmyeloablative pretransplant conditioning regimen
using total lymphoid irradiation with volumetric arc

therapy in healthy dogs
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Introduction

Allogeneic HSCT is a promising treatment for human patients with
hematological neoplastic or non-neoplastic diseases [Baron and Storb, 2006]. In
human medicine, allogeneic HSCT is the critical therapy for hematologic
malignancies, such as lymphoma or leukemia [Bair et al., 2020; Copelan et al.,
2019]. The major anti-tumor effects of allogeneic HSCT are produced by
pretransplant conditioning treatment, such as TBI and high-dose chemotherapy, and
a posttransplant immune response called graft-versus-leukemia (GVL) effect
[Copelan et al., 2019]. Transplant conditioning is an area of active research, and a
number of preclinical studies with dogs have been performed to determine the
optimal conditioning treatment for allogeneic HSCT [Storb et al., 1997; Storb et
al., 1999]. In the veterinary field, there are few reports on allogeneic HSCT for
dogs [Lupu et al., 2006; Suter et al., 2015]. Suter et al (2015) reported a favorable
prognosis in canine case of acute lymphoblastic leukemia treated with allogeneic
HSCT. Although allogeneic HSCT has shown promise as a potential treatment for
canine hematological malignancies, very few studies have investigated the
application of this treatment in the veterinary clinical field.

Traditionally, supralethal doses of TBI and/or high-dose chemotherapy have
been used for pretransplant conditioning in allogeneic HSCT. The main object in
these treatments is the induction of host immunosuppression, creation of marrow

space for the graft, and direct tumor destruction [Diaconescu et al., 2005; Baron
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and Storb, 2006]. However, these aggressive treatments, which are referred to as
myeloablative conditioning, have been associated with higher risk of transplant-
related morbidity and mortality. For this reason, these treatments have limited
adaptation to non-comorbid and relatively young patients in human medicine
[Baron and Storb, 2006]. To expand the application range of allogeneic HSCT to
elderly patients or comorbid conditions, nonmyeloablative conditioning regimens
have been extensively studied in both clinical and experimental settings [Baron and
Sandmaier, 2006; Spinner et al., 2019; Storb et al., 1997; Storb et al., 1999].
Previous research using dogs demonstrated that 2 Gy TBI combined with
immunosuppressive drugs provided a stable allograft with a reduction in transplant-
related toxicities [Storb et al., 1997; Storb et al., 1999]. This conditioning regimen
has been translated to human medicine, and is utilized widely in the clinical setting
[Fatobene et al., 2020].

Total lymphoid irradiation (TLI) is one of the non-myeloablative conditioning
techniques in allogeneic hematopoietic cell or organ transplantation in human
patients [McKay et al., 2014; Spinner et al., 2019]. The main objective of TLI is to
induce sufficient immunosuppression to prevent graft rejection. In human clinical
studies, non-myeloablative TLI and antithymocyte globulin conditioning is a useful
regimen not only for the protection against graft-versus-host disease (GVHD) but
also for improved prognosis by the GVL effect for human hematological
malignancies [Kohrt et al., 2009; Rezvani et al., 2015]. A study using a canine

transplantation model has shown that 4.5 Gy TLI, targeted to cervical, thoracic, and

37



abdominal lymph nodes, in the combination with immunosuppression drugs,
showed initial allogeneic marrow cell engraftment, and eventually, half of the dogs
maintained long-term donor/host chimerism [Storb et al., 1999]. Volumetric
modulated arc therapy (VMAT) is one of the radiation dose delivery techniques,
which results in a highly conformal dose at target, while sparing normal tissues.
Based on these superior characteristics, VMAT has been applied to HSCT
conditioning treatment using radiotherapy, such as TBI and TLI, in order to achieve
dose escalation for target organs and dose reduction for organ at risk (OAR) in
people [Ocanto et al., 2019; Paix et al., 2018; Springer et al., 2016]. To my
knowledge, no study has investigated the application of TLI in combination with
VMAT in dogs; and the safety and feasibility of such treatment has not been
elucidated. Here, the feasibility and safety of two difference doses of TLI using
VMAT was evaluated, and assessed the effects of TLI on peripheral lymphocyte
properties in healthy dogs. Moreover, dog leukocyte antigen (DLA)-matched
canine allogeneic HSCT with TLI conditioning was investigated to verify the

engraftment ability of this regimen.
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Materials and methods

Animals

Six laboratory intact male beagles were used in the evaluation of the safety
and efficacy of TLI. The dogs weighed 9.9-13.1 kg (mean 11.6 kg) and were aged
16-20 months (mean 18.0 months). These dogs were divided into two groups
according to their assigned TLI dose (8 or 12 Gy).

All animal procedures utilized in this study were reviewed and approved by
the Institutional Animal Care and Use Committee of Hokkaido University (approval
number: 17-0007). No abnormalities were observed on physical examination and
blood laboratory tests [e.g., CBCs and general serum chemistry]. These tests were

conducted using a Procyte™ and Dri-Chem 7000V.

TLI Procedure

For the TLI and planning computed tomography (CT) procedure, all animals
were anesthetized with propofol (6.0 mg/kg) administered intravenously.
Subsequently, animals were intubated and maintained on a mixture of isoflurane or
sevoflurane (DS Pharma Animal Health) in oxygen. During planning CT (1-2 weeks
prior to TLI treatment) all dogs were positioned in sternal recumbency, and the
entire body immobilized using a vacuum deformable cushion (ESFORM,
Engineering System, Nagano, Japan). Planning CT images were acquired from two

directions: head-first from the dog’s head to the thorax (cranial half body) and feet-
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first from the toes to the abdomen (caudal half body) with a slice thickness of 2 mm
(Aquilion PRIME, TOSHIBA, Tokyo, Japan).

The Monaco® 5.11.01 treatment planning system (TPS) (Elekta, Tokyo, Japan)
was used for contouring and planning. Target lymphoid tissues were defined as
parotid, mandibular, retropharyngeal, superficial cervical, axillary, and sternal
lymph nodes for the cranial half body CT scan, and mesenteric, medial iliac, sacral,
hypogastric, popliteal, and superficial inguinal lymph nodes, and spleen for the
caudal half body CT scan. These lymphoid tissues were contoured for the gross
target volume (GTV). The clinical target volume (CTV) was delineated on the
adipose tissue around each lymph node. The following organs were contoured for
OAR: eyes (including lens), brain, larynx, lungs, heart, liver, kidneys, adrenal
glands, stomach, small and large intestine, bladder, ribs, scapula, humerus, femur,
vertebrae, and spinal cord. Dose prescription to the CTV consisted of a 2 or 3 Gy
single dose, delivered once a day for four consecutive days to a total dose of 8 or
12 Gy, respectively. Due to concerns over excessive dosing of the gastrointestinal
tissue, the prescribed dose for mesenteric lymph nodes was limited to 8 Gy. All TLI
treatments were planned using a VMAT technique, and all procedures were
delivered using 6 MV photons from a linear accelerator (Elekta Synergy®, Elekta,
Tokyo, Japan). In this study, the TLI plan comprised three fields. The head to thorax
(cranial half body) area was planned with one field (referred to as cranial field),
and the abdomen to toes (caudal half body) area was planned using two fields

(referred to as caudal I and caudal II fields, respectively) due to the size of the field.
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The isocentes were defined separately for each field. Dose constraints were set for
target lymphoid tissues, bone marrows, lungs, heart, eyes, kidneys, liver, and small
and large intestines. Following dose calculations, the prescription doses to the
target lymphoid tissues were adjusted and recalculated with reference to the dose
volume histogram (DVH). Constraints on the conditioning of organs and target
lymphoid tissues were standardized across all dogs. Quality assurance (QA)
included verification of the dose distribution using a helical diode array
(ArcCheck®, Sun Nuclear Co., Melbourne, FL, USA) and measurements of the
absolute central dose using a farmer-type ionization chamber (Type 30013, PTW,
Freiburg, Germany) and a dosimeter (Ramtec Smart, TOYO MEDIC CO., Tokyo,
Japan) for each field. All measurements were analyzed using the analysis software
(SNC patient software version 6.7.3, Sun Nuclear Co.) using a global gamma
analysis 3%/3 mm on relative dose. For the absolute central dose, the ratio of the
difference between the theoretical values calculated on the TPS and the actual
measured values was assessed.

For all dogs TLI treatments were delivered in one session. An anesthetized dog
with its whole body immobilized using a cushion, was placed on the couch-top
(HexaPODm™ evo, Elekta) for the head-first scan. To correct for any set-up errors,
CT images were acquired using a kV cone beam CT integrated with a linear
accelerator. These images and the planning CT images were then overlaid on the
imaging software (XVI, Elekta), and any misalignment of position was measured

based on the bone, target lymphoid tissues, and OAR. Following set-up error
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correction using a computer-controlled robotic couch-top, the first field was
irradiated for the “cranial half body” scan. The dog was then repositioned for the
feet-first scan, and the caudal I and caudal II positioning were corrected using a
similar method to that described above. After repositioning, the second and third
fields were irradiated sequentially for the “caudal half body” scans.

For evaluation of TLI treatment, CBCs and serum biochemical analyses were
performed over 8 weeks. Adverse effects in the blood/bone marrow were graded
based on the Veterinary Cooperative Oncology Group - common terminology
criteria for adverse events vl.l1 [VCOG-CTCAE following chemotherapy or
biological antineoplastic therapy in dogs and cats v1.1, 2016]. The dogs received
enrofloxacin [10 mg/kg, oral administration (PO), q24h] (Bayer, Osaka, Japan) in
the event where neutropenia (< 3,000 cells/ul) was observed. The necropsy was
conducted to assess a histological change of the major organs and lymphoid tissues,
including heart, liver, small and large intestines, kidneys, spleen, humeral and
femoral bone marrow, and mandibular, mesenteric, and popliteal lymph nodes, nine

weeks after completion of the TLI in all dogs.

Peripheral Blood Lymphocyte Subset analysis

Flow cytometric investigation of peripheral blood quantifying the percentage
of T, B, and regulatory T (T-reg) cells, were performed before, and at 1, 4, and 8
weeks after the TLI treatments. Peripheral blood samples were collected via the

jugular vein and peripheral blood mononuclear cells (PBMCs) were separated using
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density gradient centrifugation (Lymphoprep™, Abbott Diagnostics Technologies
AS, Oslo, Norway). The PBMCs samples were incubated with FITC-conjugated rat
anti-canine CD3 (diluted to 1:10 in 2% fetal bovine serum), PE-conjugated mouse
anti-canine CD21 (1:10), FITC-conjugated rat anti-canine CD4, allophycocyanin
(APC)-conjugated rat anti-canine CD8, PE-conjugated mouse anti-canine CD25, or
APC-conjugated rat anti-canine FOXP3 monoclonal antibodies, and were analyzed
using FACS Versam™. The lymphocyte population was determined from forward
scatter and side scatter plots. The gating strategies for these lymphocyte subsets
were as follows: T-cells (CD37CD21-), B-cells (CD3-CD217), T-helper cells (CD

4*CDS"), T-cytotoxic cells (CD4°CD8"), T-reg cells (CD4"CD25"FOXP3™).

Lymphocyte Stimulation Test

To evaluate lymphocyte proliferation capability, PBMCs were separated from
heparinized peripheral blood before, and at 1, 4, and 8 weeks after the TLI
treatments as described above. PBMCs were incubated with 0.5 uM
carboxyfluorescein succinimidyl ester (CFSE) (Vybrant™ CFDA SE Cell Tracer Kit,
Thermo Fisher) for 10 minutes in the dark at 37°C. After washing the cells, CFSE-
labeled PBMCs, were cultured at 37°C, in 5% CO; in Roswell Park Memorial
Institute 1640 medium (Gibco by Life Technologies, Grand Island, NY, USA) with
10% fetal bovine serum with or without 1.0 pg/ml concanavalin A (ConA) (Sigma
Aldrich) for four days before antibody staining and analysis by flow cytometry. To

assess T-lymphocyte proliferation activity, cells were stained with APC-conjugated
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mouse anti-canine CD3 monoclonal antibody (1:50). The gating strategy for this
analysis was as follows: the mononuclear cells population was determined from
forward scatter and side scatter plots. CD3-positive cells were second gated within
the mononuclear cells, and the border of the fluorescence intensity of the CFSE was
set using a sample without ConA stimulation. The proliferating T-cell (CFSE low)
population was defined as the lower fluorescence intensity cells of this border. The
percentage of CFSE low population was determined based on the percentage of

CD3-positive cells.

Allogeneic HSCT

In the allogeneic HSCT experiment, a pair of sibling intact male beagles was
used as donor and recipient. Prior to this experiment, blood samples were sent to
the Fred Hutchinson Cancer Research Center to check the DLA-types (DRB-1,
DLA-88, DQA-1, and DQB-1) of four sibling dogs. In this study, the two dogs
which had four identical DLA-type pairs were chosen as donor and recipient. These
dogs were both aged 13 months, and weighed 10.1 and 11.0 kg, respectively.

Recipient conditioning for HSCT was performed by using the 12 Gy TLI with
VMAT regimen from the first experiment. The day of commencement of TLI was
defined as day 0. On the last day of the TLI (day 3), PBSCs were collected from
the donor as chapter I described. Briefly, PBSCs were mobilized using the
combination protocol, which comprised rhG-CSF (5 pg/kg, SC, ql2h) and

plerixafor (0.24 mg/kg, SC). Apheresis procedure was conducted using a Spectra
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Optia® and the total blood volume to be processed was three times the whole-body
blood volume. In this study, 7.2 x 10% CD34-positive cells/kg were collected, and
all of these cells were infused intravenously into the recipient promptly after the
completion of all TLI processes. An immunosuppression agent consisting of
cyclosporine A (CsA) (Kyoritsu Pharmaceutical, Tokyo, Japan) and mycophenolate
mofetil (MMF) (Chugai Pharmaceutical) was administered to the recipient dog. The
immunosuppression regimen consisted of CsA at 10 mg/kg (PO, q24h) on days 2 to
38, 7.5 mg/kg on days 39 to 53, 5 mg/kg on days 54 to 78, and 3 mg/kg on days 79
to 103, and MMF at 10 mg/kg (PO, q12h) on days 3 to 30. The recipient also
received antibiotic drugs as follows: polymyxin B (8,000 U/kg, PO, q8h) (Pfizer,
Tokyo, Japan) on days 2 to 17, kanamycin (6 mg/kg, PO, q24h) (Meiji Seika Pharma,
Tokyo, Japan) on days 2 to 17, enrofloxacin (10 mg/kg, PO, q24h) on days 3 to 17.

In order to evaluate adverse effects of allogeneic HSCT, CBCs and serum
chemistry were performed until day 115 (16 weeks). To analyze engraftment and
donor/recipient chimerism, peripheral blood of the recipient was collected before
HSCT and every 1 to 2 weeks after HSCT. Collected blood samples were separated
into PBMCs and granulocytes using a density gradient centrifugation method
(Polymorphprep™, Abbott Diagnostics Technologies AS), and genomic DNA was
extracted (High Pure PCR Template Preparation Kit, Roche Diagnostics, Basel,
Swiss) from each cell fraction. Chimerism was assessed using tetranucleotide
repeat-based markers (clone name, 2001) [Francisco et al., 1996], to distinguish

donor and recipient, by fluorescent variable number tandem repeat polymerase
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chain reaction (PCR) assays. The PCR products were analyzed by capillary
electrophoresis, and these procedures were outsourced to a commercial laboratory
(System Biotics, Kanagawa, Japan). The rate of donor chimerism was calculated
using the following formula: Donor chimerism = [(a donor specific peak area)/ {(a
donor specific peak area) + (a recipient specific peak area)}] x 100. In this study,
HSCT engraftment was defined as detection of > 2% of donor-derived DNA in both

cell fractions [Lange et al., 2009].

Statistical analysis

Statistical analysis was performed using a commercially available statistical
program (JMP® Pro version 12.1.0; SAS institute, Cary, NC, USA and Microsoft®
Excel 2013). The results are presented as mean = SD. To evaluate differences in
apheresis product counts and characteristics between the three mobilization groups,
the Tukey multiple comparison test was used. P values < 0.05 were considered

statistically significant.
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Results

TLI dose distribution

All dose information was obtained by planning DVH. Table 1 shows the
median organ dose (Dso) and the minimum dose required to cover 95% of each
target volume (Dos) for lymphoid target tissues in each plans. In the 8 Gy plan group,
mean Dso and Dos for the target lymphoid tissues of the whole body were 731.5 +
127.0 (range 522.7 to 900.2 c¢Gy) and 903.1 = 147.2 cGy (range 641.4 to 1109.2
cQGy), respectively. In the 12 Gy plan group, mean Dso and Dos for the target
lymphoid tissues of the whole body were 946.8 + 270.9 (range 455.7 to 1242.1 cGy)
and 1,211.5 + 283.4 cGy (range 703.4 to 1484.2 cGy), respectively. Table 2 shows
Dso and Dos for the OAR in each plan. In the 8 Gy plan group, mean Dso and Dos
for the bone marrow of the whole body were 7.7 + 7.2 (range 0.9 to 19.1 cGy) and
109.4 £ 41.2 cGy (range 34 to 155.8 cGy), respectively. In the 12 Gy plan group,
mean Dso and Dos for the bone marrow of the whole body were 8.5 + 6.7 (range 1.8
to 17.0 cGy) and 144.1 + 25.0 cGy (range 103.4 to 177.2 cGy), respectively.

In the 8 Gy group, the difference of mean absolute central doses and mean
gamma pass rate at cranial half body (cranial field) were 2.6 + 1.5 (range 0.8-4.6 %),
98.5 + 0.8 (range 97.4-99.3 %), respectively. The difference of mean absolute
central doses and mean gamma pass rate at caudal half body (combined caudal I
and caudal II field) were 2.7 + 1.6 (range 0.9-4.7 %), 97.9 = 2.0 (range 97.4-99.8 %),

respectively. In the 12 Gy group, the difference of mean absolute central doses and
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mean gamma pass rate at cranial half body were 6.1 + 4.0 (range 0.9-10.4 %), 99.6
+ 0.2 (range 99.3-99.9 %), respectively. The difference of mean absolute central
doses and mean gamma pass rate at caudal half body were 1.4 £ 1.1 (range 0.4-

2.9 %), 95.1 £ 3.6 (range 90.2-98.5 %), respectively.

TLI-related toxicities

TLI treatment was successfully administered to all six animals according to
the planned schedule. The kinetics of peripheral neutrophil counts varied erratically
in each of the animals following TLI (Figure 1). Two and three dogs experienced
Grade 1 neutropenia in the 8 and 12 Gy groups, respectively. One dog in the 8 Gy
group developed infection symptoms, including anorexia, pyrexia, and an increase
in neutrophils, at 26 days after TLI. Concurrently, drainage was observed from the
previously blood collection site, including hind limb and neck. This dog was treated
with enrofloxacin and ampicillin until 43 days following TLI when the signs of
infection abated. Peripheral Plt counts decreased in all dogs, 5 of the 6 dogs were
Grade 2 and the remaining dog from the 12 Gy group was Grade 1 (Figure 2). The
median time for the Plt count nadir was 13 days (range 12 to 14 days) from the
commencement of TLI procedures. The Plt counts gradually recovered to the
normal range in all dogs. Serum biochemical analysis showed no notable
abnormalities throughout the follow-up period.

In both groups, histopathological analysis of the major organs revealed no

abnormalities that could be attributed to TLI. Similarly, lymphoid tissues did not
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show any histopathological changes in the 8 Gy group. Noticeable reduction in cell
numbers of bone marrow was detected in 2 of the 3 dogs in the 12 Gy group.
Especially, myelocyte and erythroblast cell numbers markedly declined in these
bone marrows. In these two dogs, a slight decrease in cell numbers was also
detected in the spleen and mandibular lymph node. Another dog in the 12 Gy group

showed a slight decrease in myelocyte series cell numbers.

Lymphocyte analyses

Peripheral lymphocyte counts were dramatically decreased in all dogs (Figure
3). The median time for the lymphocyte counts nadir was 5 days (range 5 to 9 days)
after the start of TLI procedures. Although lymphocyte counts recovered gradually
over time, the cell numbers remained lower than before TLI throughout the follow-
up period in all dogs.

In the peripheral lymphocyte subset analyses, no notable changes were
observed in the percentage of CD3-positive T-cells in lymphocytes, although
percentages of CD21-positive B-cells decreased after TLI (Figure 4). As shown in
Figure 4, the mean percentages of CD21-positive B-cells in the 12 Gy group
significantly decreased at 1 and 4 weeks compared with cell counts measured before
TLI. Although significant differences could not be detected in both groups,
percentages of CD4-positive T-helper cells were lower than the pre-TLI levels
(Figure 4). In CDS8-positive T-cytotoxic cells and T-reg cells, there was no

significant difference in numbers before and after TLI at any time (Figure 4).
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Following TLI procedures, CD3-positive T-cell proliferation decreased at all
time points compared to proliferation before TLI in both groups (Figure 5).
Particularly, the proliferation rate in the 12 Gy group showed a marked decrease
compared with that of the 8 Gy group. As opposed to the proliferation rate in the 8
Gy group, which showed a gradual recovery trend at 8 weeks, the proliferation rate

in the 12 Gy group continued to decrease until the end of the observation period.

Allogeneic PBSC engraftment

Figure 6 shows granulocyte, lymphocyte, and Plt count changes from before
TLI (day -1) to 16 weeks after HSCT (day 115) in the recipient dog. The granulocyte
and Plt counts transiently decreased after TLI. These bone marrow toxicities were
recorded as Grade 1, and no other hematological and serum biochemical toxicities
were observed. Vomiting was observed for four days after allogeneic HSCT, and
maropitant (2.0 mg/kg, PO, q24h) (Zoetis, Tokyo, Japan) was administered for five
days, although there were no other clinical signs suggesting acute GVHD during
the follow-up period.

Figure 7 shows the donor chimerism in the PBMCs and granulocyte
populations in the recipient dog. Donor-derived DNA was detected in PBMCs and
granulocytes at one and two weeks after HSCT, respectively. After two weeks of
HSCT, the allograft engraftment was deemed successful based on the detection of
donor-derived DNA in both cellular populations. Engraftment was sustained during

the follow-up period in this study.
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Table 1: Planned target organ doses

Prescription Lymphoid tissues Lymphoid tissues Lymph nodes in the  Spleen
dose of the cranial half of the caudal half abdominal cavity
body body

Dso 8Gy (n=3) 1,092.1 £24.2 891.9 +£29.8 687.3 £37.6 941.0 £ 26.0
(cGY)

12Gy (n = 3) 1,467.2 £ 18.4 1,318.5£22.8 733.1 +28.8 1,327.3 +£34.6
Dos 8Gy (n=3) 883.0 +£30.2 733.4£56.0 543.5+27.4 766.2 +43.0
(cGY)

12Gy (n = 3) 1,201.5+111.8 1,022.9 £61.0 504.1 +£31.8 1,058.8 £15.2

All doses are reported as means + standard deviation.

Abbreviations: Dso, median organ dose; Dos, minimum dose required to cover 95%

of each target volume.
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Table 2: Planned organ at risk doses

Prescription Bone Bone Heart Lungs Eyes Kidneys Liver
dose marrow of  marrow of
the cranial the caudal
half body half body
Dso 8Gy (n=3) 74.9 +£33.4 143.8 £15.8 10.1 42+ 10.2 + 267.7 £ 717.6 =
(cGy) +2.8 0.1 3.7 10.8 27.4
12Gy(n=3) 122.6+17.6 165.7+11.0 12.8 6.6 + 20.0 £ 262.4 + 709.8 £
+2.2 0.8 2.5 9.2 25.5
Dos 8Gy (n=3) 1.0 £0.1 14.4+42 35+ 1.8 8.5+ 126.8 + 566.3 +
(cGy) 0.0 0.0 1.3 3.0 41.0
12Gy (n =3) 1.8 £0.0 15.1+£1.6 5.5+ 2.9+ 14.2 + 127.4 £ 540.3 +
0.7 0.2 1.9 8.0 4.7

All doses are reported as means + standard deviation.

Abbreviations: Dso, median organ dose; Dos, minimum dose required to cover 95%

of each target volume
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Figure 1. Changes in peripheral neutrophil counts after 8 or 12 Gy TLI in six healthy dogs.

Each line (solid, dotted, and dashed line) represents the individual dog variation in each

group.
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Figure 2. Changes in peripheral Plts after 8 and 12 Gy TLI in six healthy dogs. Each line

(solid, dotted, and dashed line) represents the individual dog variation in each group.
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Discussion

This study evaluated the efficacy and safety of TLI using VMAT as a
conditioning treatment for canine allogeneic HSCT. No severe adverse effects were
observed in 8 and 12 Gy TLI, and these conditioning regimens can therefore be
performed nonmyeloablatively in healthy dogs. In addition, 12 Gy TLI combined
with CsA and MMF achieved sustained engraftment of DLA-identical littermate
hematopoietic stem cells.

In this study, a favorable dose concentration for target organs and dose
reduction to OAR in TLI plans was obtained by the use of VMAT technique.
Nonmyeloablative conditioning, such as 2 Gy TBI or 8§ Gy TLI, for allogeneic
HSCT or organ transplantation affords stable mixed donor/host chimerism or
engraftment in human medicine [Lange et al., 2009; McKay et al., 2014; Spinner
et al.,2019]. In addition, dose escalation regimen of pretransplant conditioning has
been attempted in human patients based on advances in radiation therapy equipment
and prevailing intensity-modulated radiation therapy (IMRT) techniques [Patel et
al., 2014; Somlo et al., 2011; Wong et al., 2013]. It is expected that treatment
outcomes will be improved by enhancing radiation therapy techniques for
pretransplant conditioning. Higher TBI doses have, in fact, been found to be
effective in reducing the relapse rate in human chronic and acute myeloid leukemia
[Clift et al., 1991; Clift et al., 1998]. Many canine multicentric lymphoma cases

achieve clinical complete remission when treated with chemotherapy, but most of
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the patients eventually relapse. In a previous study, minimal residual diseases in
lymph nodes were correlated with time to relapse in canine large B-cell lymphoma
[Chalfon et al., 2019]. In a clinical setting, relapse of multicentric lymphomas are
often evidences as re-enlarged peripheral lymph nodes. Therefore, intensive
treatment of lymphoid tissues with higher dose radiotherapy may not only have an
immunosuppression effect, but also a direct antitumor effect from the TLI itself.

Rosenthal et al demonstrated the feasibility and safety of 12 Gy total marrow
and lymph node irradiation (TMLI) using IMRT as a conditioning treatment for
HSCT [Rosenthal ef al., 2011]. Normal organ doses (Dso) with 12 Gy TMLI/TLI
were recorded as follows: lung, 3.5-5.8 Gy; heart, 4.0-6.6 Gy; eyes, 0.2-2.5 Gy;
kidneys, 4.6-6.8 Gy; and liver, 3.9-5.8 Gy [Rosenthal et al., 2011; Schultheiss et
al., 2007]. In the present study, calculated doses for OARs were comparable or
much lower than these doses. Additionally, no serious side effects were observed
during the follow-up period, and notable histological changes in the major organs
were not detect at autopsy; accordingly, it was concluded that the sparing of normal
tissues was sufficiently achieved using VMAT for TLI procedure planning in this
study.

To the best of my knowledge, there have been no reports of the TLI with
VMAT in dogs, thus the acceptable pass rate is unknown. A previous human study
suggested that the tolerance for TBI with VMAT QA required a pass rate of 95% at
absolute dose [Symons et al., 2018]. In the present study, the pass rates for absolute

dose were greater than 96% in all fields (data not shown), and the pass rates for
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relative dose were greater than 95% except for caudal half body in one case. These
results suggest that the dose congruency predicted by the TPS and the irradiation
with treatment machine were acceptable.

In the current study, peripheral lymphocyte counts decreased in all dogs
regardless of TLI dose. Specifically, the proliferation of CD4-positive and CD21-
positive cells in the subset analyses declined in both 8 and 12 Gy TLI procedures.
An experimental canine study demonstrated that the number of lymphocytes in the
peripheral blood decreases after TBI or TLI procedures [Storb et al., 1999]. In a
previous clinical study, a subset analysis of peripheral blood lymphocytes in human
patients after radiation therapy was performed, and the authors reported that the
levels of B- and T-helper lymphocytes significantly decreased compared with those
of other lymphocytes [Zhao et al., 2020]. Belka ef al (1999) described a reduction
in the levels of peripheral blood lymphocytes with localized radiotherapy.
Consistent with the present study results, this study indicated that B-cells are the
most radiosensitive of all leukocytes and suffer a long-lasting depletion. In addition,
Sorror et al reported a difference in the nadir of peripheral lymphocyte counts
depending on the dose, in dogs irradiated at four different doses (0.5, 1.0, 2.0, and
3.0 Gy) of TBI [Sorror et al., 2008]. Lymphocyte depletion was more intense at 2.0
(372 cells/ul) and 3.0 Gy (284 cells/ul) TBI compared to 0.5 (994 cells/ul) and 1.0
Gy (753 cells/ul) TBI. In the present study, lymphocyte count nadirs in 8 (220-250
cells/ul) and 12 Gy (240-380 cells/ul) TLI were equivalent to those at 2 Gy TBI,

which is commonly used in nonmyeloablative conditioning. Although the
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relationship between the absolute number of peripheral lymphocytes and sustained
engraftment has not been fully elucidated, the data suggest that this TLI regimen
may be effective in obtaining sufficient peripheral lymphocyte depletion.

Peripheral lymphocytes proliferative capacity was markedly inhibited by 12
Gy TLI. A previous study found no difference in lymphocytes proliferative response
between 1 and 2 Gy TBI [Sorror et al., 2008]. The relationships between the
proliferative capacity of lymphocytes and stable allografts remain poorly
understood, and few reports are available on lymphocytes proliferative response to
TLI alone in human or veterinary medicine. Results of the current study indicated
that lymphocytes proliferation activity may change in a dose-dependent manner in
TLI

In this study, most dogs experienced neutropenia and thrombocytopenia after
TLI procedures. These changes, however, were transient and recovered
spontaneously over time. Consistent with this results, previous canine studies
described a decreased in these peripheral blood components after nonmyeloablative
conditioning using radiation. In the 18 dogs treated with 2 Gy TBI without HSCT,
neutrophil counts reached a nadir in about 20 days, and the mean nadir neutrophil
count was 750 cells/pl [Storb et al., 1997]. In the same report, thrombocytopenia
nadirs were recorded at 15 to 24 days after TBI treatment, and both counts were
7,500 cells/pul. Neutropenia and thrombocytopenia persisted for 40 and 50 days,
respectively. Storb et al (1999) reported that two dogs experienced a decrease in

neutrophil counts after receiving 4.5 Gy TLI without HSCT. The nadir neutrophil
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counts were 2,500 and 3,500 cells/ul, respectively, and these nadirs were recorded
8 days after TLI. Thrombocytopenia nadirs were recorded at 10 and 11 days after
TLI, respectively, and both counts were 100,000 cells/pl. In these two reports, the
authors concluded that the two procedures were safe on the basis of most animals
not exhibiting lasting signs or symptoms associated with neutropenia and
thrombocytopenia. In the present study, decreases in neutrophil and platelet counts
were comparable or less severe than those of the previous studies, therefore it was
concluded that myelosuppression with either dose of TLI is well-tolerated in dogs.

In the 8 Gy group, one of the three dogs was confirmed to have developed an
infection and experienced drainage from the blood sampling site at 26 days after
TLI. This infection was deemed to have been a result not only of the
immunosuppressive effect of TLI and CsA/MMEF, but also of the frequent blood
sampling required for experimental data collection. As a consequence of this event,
sample collection sites were carefully disinfected to prevent infection resulting
from experimental manipulations. As a consequence of these measures, there were
no subsequent events related to infection in this study.

In the present study, allogeneic hematopoietic engraftment was achieved in
DLA-identical littermate dogs given 12 Gy TLI and posttransplant
immunosuppression with CsA/MMF over a 16 weeks period following HSCT. At
four weeks after HSCT, the percentage of donor-derived genes reached
approximately 50% in PBMCs and granulocytes, and remained higher than 40% at

the end of this study. In a previous canine allogeneic HSCT study, the percentage
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of chimerism following the 1 Gy TBI regime (PBMCs; 8-19%, granulocytes; 11-
27%) was significantly lower than the 2 Gy TBI regimen (PBMCs; 5-44%,
granulocytes; 10-74%) at four weeks after transplantation [Lange et al., 2009].
Moreover, the 1 Gy regimen showed eventual graft rejection in all dogs. Several
previous studies of conditioning for transplantation showed that HSCT graft
rejection often occurred by around 16 weeks after transplantation [Lange ef al.,
2009; Storb et al., 1997], and the follow-up period in the current study was
determined in reference to these data. The TLI doses of the present allogeneic
HSCT were more than twice those used in the previous study [Storb et al., 1999].
Additionally, the percentage of the donor chimerism was considered to be relatively
high. Thus, it was suggested that pretransplantation conditioning using a
combination of 12 Gy TLI and CsA/MMF may induce an immunosuppressive effect
on DLA-identical donor-derived HSC engraftment similar to that of a
nonmyeloablative regimen.

The previous canine HSCT study demonstrated that the combination of CsA
and MMF was the most effective treatment for sustained engraftment [Storb et al.,
1997]. In general, CsA is often used 35 days after transplantation. However, the
previous study showed that prolonging CsA administration from 35 days to 100
days, when the pretransplantation conditioning was attenuated, significantly
increased the success rate of engraftment for G-CSF mobilized PBSC
transplantation [Zaucha et al., 2001]. The treatment regimen and posttransplant

immunosuppressive drugs used in this study were determined with reference to
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prior studies, and HSCT engraftment was successfully obtained.

In the current study, the recipient dog experienced vomiting for several days
soon after transplantation, but no other clinical signs of suspected acute GVHD
were observed during the follow-up period. The efficacy of this HSCT regimen for
GVHD is still not completely evaluated, and further investigation into both acute
and chronic GVHD is required.

This study had several limitations. First, the sample size of this study was
small, and the fact that some difference, including post-TLI hematological changes
and lymphocyte subset analysis, between the two groups did not achieve statistical
significance may reflect a lack of power. Second, this study attempted HSCT on
only one pair of dogs, and the observation period was relatively short. Thus, an
additional extensive and long-term study is required in experimental and clinical
settings to properly evaluate the success rate of HSCT and stable engraftment.

In conclusion, to the best of my knowledge, this is the first study to evaluate
the safety and feasibility of TLI using VMAT as pretransplant conditioning
treatment in canine studies. The results indicated that 8 and 12 Gy TLI using VMAT
did not cause serious side effects and was feasible as a nonmyeloablative technique.
In addition, the combination of 12 Gy TLI and immunosuppressive drugs may be
useful as a nonmyeloablative conditioning regimen for canine allogeneic HSCT. A
further study with a large sample size is warranted to fully demonstrate the efficacy

of TLI as a nonmyeloablative conditioning regimen for HSCT.
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Summary

The optimal pretransplant conditioning treatment is unclear in canine
allogeneic HSCT. To evaluate whether total lymphoid irradiation (TLI) with
volumetric modulated arc therapy (VMAT) is safe and effective as a
nonmyeloablative HSCT conditioning treatment. In the first study, six healthy dogs
were treated with 8 or 12 Gy TLI using VMAT. Hematological and physical changes
were recorded. To assess the effect of peripheral lymphocyte condition, lymphocyte
subset and proliferative ability were examined. In the second study, allogeneic
HSCT was performed in dog-leukocyte-antigen-identical littermates using 12Gy
TLI. Chimerism analysis performed at 16- weeks to confirm successful engraftment.
In the first study, all dogs showed mild-to-moderate neutropenia and
thrombocytopenia, and these hematological changes resolved spontaneously. One
dog treated with 8Gy TLI developed transient cutaneous infection. In allogeneic
HSCT experiment, recipient dog showed no major complication before and after
transplantation. Donor/recipient chimerism was detected from the second week
after transplantation, and maintained during the follow-up period. TLI with VMAT
was a feasible nonmyeloablative treatment, and may be useful for canine allogeneic

HSCT conditioning.
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Conclusion

The aim of the present study was to establish allogeneic PBSC transplantation
using nonmyeloablative conditioning with the goal of practical application in
veterinary medicine. Therefore, this study focused on devising an effective PBSC
mobilization protocol and safety pretransplant conditioning regimen in dogs.

In chapter I, to evaluate the effective PBSC mobilization protocol, this study
performed PBSC apheresis using the Spectra Optia® CMNC using high-dose
plerixafor alone, a G-CSF alone, or a combination of low-dose plerixafor and G-
CSF in nine healthy dogs. Regardless of the mobilization protocol used, the total
volume of blood processed was uniformly set as 270 mL/kg, and the numbers of
PBSCs within the apheresis product were compared. All dogs tolerated the
apheresis procedure using the Spectra Optia® CMNC protocol with minimal
adverse effects. The mean PBSC counts of the apheresis products for plerixafor, G-
CSF, and the combination groups were 1.3 £ 0.24, 4.2 = 0.47, and 6.4 + 0.9 x
10% cells/kg, respectively. These results showed that the apheresis procedure using
the Spectra Optia® CMNC protocol in dogs is safe, and PBSC mobilization using
the combination of G-CSF and plerixafor appears to be more effective than either
compound alone in mobilizing PBSCs to the peripheral blood in dogs.

In chapter II, to evaluate the safety and effect of TLI with VMAT as a

nonmyeloablative HSCT conditioning treatment, six healthy dogs were treated with

68



8 or 12 Gy TLI, and allogeneic HSCT was attempted in a pair of DLA-identical
littermates. In the safety trial of TLI, hematologic and physical changes were
recorded, and necropsy was performed at the end of the experiment. Peripheral Plt
counts decreased in all dogs after the TLI procedures, but no uniform hematologic
kinetics were observed in the other parameters. One dog irradiated with 8 Gy TLI
developed transient cutaneous infection. No severe complications were seen in the
other seven dogs. Necropsy revealed a reduction in cell numbers of bone marrow
in two dogs treated with 12 Gy TLI. In the allogeneic HSCT experiment, donor-
derived PBSCs were successfully engrafted in the recipient dog, and this chimerism
was maintained until the end of the follow-up period. No major complication was
observed in the recipient dog during the experimental period. These results showed
that TLI with VMAT may be safe and feasible for canine allogeneic HSCT
conditioning.

To improve treatment outcomes of hematologic malignancies, adopting
transplantation therapy is an important element in veterinary medicine. However,
ensuring the safety of the procedure is absolutely essential for growing the
availability of canine HSCT treatment. In the present study, no severe
complications were observed throughout the procedures. These results prove that
this trial procedures were safe for healthy dogs. In clinical practice, it is supposed
that cancer patients will be treated with multidrug chemotherapy as induction
therapy before HSCT. Because cumulative chemotherapy can affect a patient’s

hematopoietic capacity, adverse effects of bone marrow caused by pretransplant
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conditioning therapy may be more severe in healthy dogs. Further studies including
clinical cases are warranted to fully demonstrate the safety of this allogeneic HSCT
procedure and its ability to contribute to the improvement of treatment outcome in

canine cancer patients.
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Summary in Japanese

MmXEE

S EEE (HSCT) (X, EFEMHEE CIEY VN BB L OHME R &0
& M As - RIEG ISR T D EERIBERIN T S, 25 OFEMEIZEIT 5D HSCT

T WBRBEDOH A RO UL S TH D, HLis AHIF L O RRIEIE

i

B 72 & OE Ml (S5 U TV a2 w4720 MR DK & BME Tk,

b D WVITMEDRHIR SN D, WEROBMIRE Tl BEARBENIKT LIZE
BT LT, EMEEA KON DIEE D EWIRE DA AR G & 5 W I3k
R P BRATLE S L TiThL b, 26 DOLEIC XY EMmGEE K->
TR L CEm Al 2 A L, A LciEiae & 4 Lo A R s
LfiE S5, 612, HFHCOEmEHMINZ B ([FfE HSCT) ([ZHn 5
LT, RP—HEROBRMAN L EZY MENOEE ML Z By L LT
o L CORERUS 29 AR 6 A M 20 2R b ISR AR Dt IZ K& <
HHTLHILEDRMOENT VD,

RYU S EFREMER &<, RICEET HELGRESEO 5B 8 HIL
EE2EDLERETHD, ROY A REITANE RERISHID AF~D RS
B IREETORES THHERICKIG L, TR2EMICED, L, Bk
PRGN b — R0 THEOIEF N HRE L, HETICED, ZOBREMARITE
TEMICOEVEENE LN TE LT, TIUTHD AFILS O Ta R ICE

TAHOWENEREERTRIBICENL TWAZ ENREREREEZOND,
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ZHETRO HSCT (2T 2 @& 13, ANDORIERKETVELTOLDNRE
<L FEBRIZ LD OGAF AN ER R BRI~ IS FTRE ) & BT L 72 S 13 R b
TW5, &2 TABFETIZ HSCT OR Y U IR ~OE K 7 K& HEY &
L. RFIF—=BXUOLybEzr hOZNZENICBNTE Y L2 HSCT % fif
TR LT OBE AT o 7o, BB 1R ClE, KRS ICBY B U 72 i i i
ZERHUT % Apheresis i 2 AL L. L B s B BBAE BB oD i if i
ML A R 2 72D ORI LB BRI DWW TRET 21T o 72, 55 11 3 T,
KV RMEROD I WZE R BRI E & L TR V) IBE (TLD O &FH
FFEATV, 2 BHORME R A2 HWC R HSCT % FEi L 7=,

HI1ETIEL, KE 10k B DO RIZE T D Apheresis Fiffr Z2 fesr L, ARR i
WM e (PBSC) BEUZEBWTC, ZNE TRTEHZENZENHEAITHOS
3T & 7= granulocyte-colony stimulating factor (G-CSF) 33 X O® Plerixafor O fJf
MIZ &% PBSC B BT $ 2N RIZ OV THRET 21T - 72, EBRIZIZIE
WE—7 K 9EHE M, BB L LT G-CSF I X O Plerixafor & Z L2
NHAIH D VIIHFA L, EBrEFEL7Z (K72 ha L 38ET D), BHEHK
D H-H 5 Apheresis BlfA £ TORAMER, BEERE, FhEkEk, B LUK
F§ 1f %5 X OY Apheresis PE#) 41 D PBSC & & L fEHT L 7=, Apheresis S:1F 1342
BHC—E L L, [T T A I > 7121 Apheresis 3 D 2-3 B ATIZEHEL L
72 H A% FAv 7=, £ 72, Apheresis (ZHE L 7= A OHEE BRI 2 72012,
Apheresis H17> b ALE# T 2F TIHLIK F Y I X O b 5 A 2 560 L 7z,
Apheresis PE) 11 0 PBSC 1%, Plerixafor Hi#, G-CSF HAI, ¥ X OMFHRE

IZBWT, N 1.3+£024, 42+047, BLUL6.4+0.9 x 10° cells/kg
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T o7z, Apheresis T3 X OHE THFCA LA OHEIX, &if, /R
DVPEBIMEA VST AER ETH o7z, 210 DOEHHEIT S FREE, K
SMEBR . MR BELEE O ER X OWiR AR U B L LEZ 2 o
B, ZOTRTHERREBRBEMELZ RET, BALET S ALUNICIEFHEE
THEE L, BlbEXv, KE 10 kg BiORICE W TARNE TED -
Apheresis FFHFITLRICEMAIEETH Y . S HIZ G-CSF 3 L U Plerixafor ™
OF I X 0 BREUATHE 72 PBSC 238N~ BB 2358 H LT,

IR TIE, ME A JEE ST IRRATLE & S D B IR AL E
ELTOD TLI D&M, BIOTORMIMEZHRE T2 L2 E L, ©E
WE—27 VK 68% TLI OFFELG#RE T L2 8Gy #E. B LY 12Gy D
2 BRSO, R O M PR Z L OBLEL . 3B K ORM  HAZEkE -z Y
VR T e y MENT. BRONY oS ERIATERERRBR 2 E M L 7m, BIER I
XS 2 2 AR E U, ERRRE TIRFICHI R A2 SE0E L 72, IRV T, 12Gy @ TLI
2 v, AIERHUR O —E L2 FERICEB W TR HSCT #1T7-72, %
R L0 Lo e s MOITREMGIR 2 AlORIELZITV, BREER 170D 16
HEOMICAEEZHEZBENELTyA 70T 74 h~—T—ZHW\Wx
AU X LRI ZAT o T, 6 BHAREE T — Wi 22 i TPERIBAE . 36 & OV /MR I8
DRE SRR S AL, KR D U o SERE T BLE R P B AN FRE L 72, 8Gy
BED 1 SHCIT B R P IR M S 58 D7 2s . JLAEARNC LV IBE L
oo Z OO 5 B TITERIR B Z M5 | BERAGHEIRO bhihol,
R4 O JF BLAR AR MR T, 12Gy BEO 3 58 T BEN o MR Rk 2y 0 T8

DR B LTz, [AFE HSCT Tlk, R —»5 6.67x105cell’kg O PBSC 73 £
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mEh, £8% TLI EfitkO Ly oy MIE Lz, BRE%ICHEE L
F AU X LRHTICIBV TR, B 2 0 E 25 BEERIE, 3 X ORI EKE
OWAIL S ETH AU XARRBO BT, Fio, BB T I OEIE
MEBZONDEERBRBEIIRO N o7, LEXY, BRFELE
TLI OS&MITEE RIZEWTEERBEN 2 /R4 2 & 2 < KR EM 76
ThHIEeNRENT, £, BIEHRPEBTIEIH 208, RIZBWTH
TLI Z H\W72[FfE HSCT IC K DB/ DAEENR AR TH D Z L 3RS iz,
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RENT, Fo. RENFER HSCT 2 HWiRR AT BT, ‘e B
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84



	title.pdf
	Sangho_Kim.pdf�
	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf


