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Letter to the Editor

T-cell depletion effects of low-dose antithymocyte globulin for GVHD
prophylaxis in HLA-matched allogeneic peripheral blood stem cell
transplantation

Souichi Shiratori⁎,1, Mizuha Kosugi-Kanaya1, Eiko Hayase, Kohei Okada, Hideki Goto,
Junichi Sugita, Masahiro Onozawa, Masao Nakagawa, Kaoru Kahata, Daigo Hashimoto,
Tomoyuki Endo, Takeshi Kondo, Takanori Teshima
Department of Hematology, Hokkaido University, Faculty of Medicine, Sapporo, Japan

Dear Editor,

Allogeneic hematopoietic stem cell transplantation (HSCT) is po-
tentially curative treatment for patients with hematological malig-
nancies, but graft-versus-host disease (GVHD) remains a major problem
after HSCT. Compared to bone marrow transplantation (BMT), per-
ipheral blood stem cell transplantation (PBSCT) is a risk for severe
acute and chronic GVHD [1]. Recent large scale randomized controlled
trials indicate that antithymocyte globulin (ATG) reduces severe acute
GVHD and chronic GVHD after PBSCT [2,3]. However, doses of ATG
differ between studies and optimal dose of ATG needs to be determined.
Lower dose of ATG was suggested to have a survival benefit compared
to higher dose of ATG [4]. In this study, we evaluated effects of low-
dose rabbit ATG (Thymoglobulin; ATG-T) on T-cell depletion in the
context of GVHD prophylaxis after PBSCT.

A total of 12 patients with a median age of 53, including 5 patients
who underwent HLA-matched PBSCT with 2 mg/kg of ATG-T (1 mg/kg
on days -2 and -1 before transplantation) and 7 patients who underwent
HLA-matched PBSCT without ATG-T were examined in this study.
Diagnosis included myelodysplastic syndrome in 6 patients, acute
myeloid leukemia in 5 patients, and acute lymphoblastic leukemia in 1
patient. We analyzed peripheral blood T-cell subsets on day 28 after
PBSCT in these patients by flow cytometry. The following monoclonal
antibodies were purchased from BD Biosciences (Franklin Lakes, USA),
BioLegend (San Diego, USA) or e-Bioscience (San Diego, USA); anti-
CD45RA-FITC, anti-CD27-PE, anti-CD4-PerCP/Cy5.5, anti- Foxp3-APC,
anti-CD3-Pacific Blue, and anti-CD8-BV510. Intracellular Foxp3 was
stained using a Cytofix/Cytoperm kit (e-Bioscience). CD4 gated cells
were separated into four populations, including naïve T cells defined as
CD45RA+ Foxp3− cells, memory/effector T cells defined as CD45RA−

Foxp3− cells, regulatory T cells defined as Foxp3+ cells, and cytokine-
secreting T cells defined as CD45RA− Foxp3dim cells [5,6]. CD8 gated
cells were separated into three functionally different populations,

including naïve T cells defined as CD45RA+ CD27+ cells, memory T
cells defined as CD45RA− CD27+ cells, and effector T cells defined as
CD27− cells [7,8]. Statistical analysis of were carried out using Mann-
Whitney U test. All P-values were two-sided and a P-value under 0.05
was used as the cut-off for statistical significance. All written data are
shown as mean value ± SD.

All patients received myeloablative conditioning regimen and
achieved neutrophil engraftment. Grade II to IV acute GVHD developed
in none of 5 patients with ATG-T, but in 3 of 7 patients without ATG-T.
Chronic GVHD developed in 1 of 5 patients with ATG-T and in 4 of 7
patients without ATG-T. Flow cytometric analysis of T-cell subsets in
the peripheral blood on day 28 after PBSCT showed that frequencies of
naïve CD4+ and CD8+ T-cell fractions were distinctively less in ATG-T
treated patients than controls (Naïve CD4+ T cells: 8.9% ± 3.7% vs
29.5% ± 13.7%; P= 0.005, Naïve CD8+ T cells: 12.2% ± 4.7% vs
28.6% ± 17.1%; P = 0.048) (Fig. 1). Concordantly, absolute numbers
of both naïve CD4+ and CD8+ T-cells were significantly decreased in
patients with ATG-T, and ATG-T also significantly decreased in absolute
numbers of all T-cell subsets evaluated (Table 1).

Although the dose of ATG-T used in this study seems to be minimal
ever reported, a total 2 mg/kg of ATG-T given on day -2 and -1 was
sufficient to decrease T cells in vivo. Donor T cells that promote GVHD
reside mainly within the naïve T-cell fraction [9]. ATG-T preferentially
depletes naïve T-cell fraction due to its high affinity against naïve T
cells [10]. We showed the significant depletion of naïve T cell fractions
with 2 mg/kg of ATG-T. Now we are conducting a prospective, multi-
center, phase II study to evaluate the efficacy of 2 mg/kg of ATG-T
containing GVHD prophylaxis for HLA-matched PBSCT after myeloa-
blative conditioning (UMIN-CTR UMIN000018645).
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Table 1
Absolute numbers of T cell subsets in peripheral blood on day 28 after PBSCT.

ATG-T (n = 5) No ATG-T (n = 7) P

Total CD3+ T cells 74.8 ± 53.4/μl 424.7 ± 192.6/μl 0.003
Total CD4+ T cells 37.6 ± 28.4/μl 193.7 ± 99.7/μl 0.003
Naive CD4+ T cells 3.5 ± 2.8/μl 55.8 ± 34.0/μl 0.003
Memory/effector CD4+ T cells 29.0 ± 19.0/μl 120.3 ± 71.7/μl 0.018
Regulatory T-cells 3.8 ± 6.6/μl 13.3 ± 4.7/μl 0.048
Cytokine-secreting CD4+ T-
cells

1.3 ± 1.4/μl 4.3 ± 2.1/μl 0.018

Total CD8+ T cells 30.8 ± 20.2/μl 209.8 ± 141.1/μl 0.003
Naive CD8+ T cells 3.2 ± 2.0/μl 67.8 ± 67.5/μl 0.004
Memory CD8+ T cells 17.4 ± 10.0/μl 77.2 ± 47.7/μl 0.005
Effector CD8+ T cells 10.1 ± 10.3/μl 64.8 ± 63.0/μl 0.010
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HLA-haploidentical Peripheral Blood Stem Cell Transplantaiton 

Using Post-Transplant Cyclophosphamide - a single institute 

analysis - 
 
Junichi Sugita, Takanori Teshima 
Department of Hematology, Faculty of Medicine, Hokkaido University, Sapporo, 
Japan 
 
Background: HLA-haploidentical stem cell transplantation using post-transplant 
cyclophosphamide (PTCy) is increasingly performed. We previously conducted a 
prospective multicenter phase II study (Haplo13) of PTCy-based HLA-haploidentical 
peripheral blood stem cell transplantation (PTCy-haploPBSCT) after reduced-intensity 
conditioning and reported the safety and efficacy of PTCy-haploPBSCT in Japanese 
patients.  
 
Methods: We conducted a retrospective analysis of PTCy-based HLA-haploidentical 
peripheral blood stem cell transplantation (PTCy-haploPBSCT) in our institute. 
Busulfan (BU) based myeloablative conditioning (MAC) regimen consisted of 
Fludarabine (Flu, 150mg/m2), BU (12.8 mg/kg), and TBI (4 Gy). Total body irradiation 
(TBI) based MAC regimen consisted of Flu (90 mg/m2), and TBI (12 Gy). Reduced 
intensity conditioning regimen consisted of Flu (150 mg/m2), BU (6.4 mg/kg), and TBI 
(4 Gy). GVHD prophylaxis consisted of Cy (40-50 mg/kg/day on days 3 and 4), 
tacrolimus, and mycophenolate mofetil. 
 
Results: Forty-seven patients received PTCy-haploPBSCT between 2014 and 2017. 
Median age was 43 (range 18-70) with 31 male and 16 female. Diagnosis of the 
patients included AML (n=21), ALL (n=11), MDS (n=6), lymphoma (n=5), and other 
(n=4). Ten patients had a history of prior allogeneic stem cell transplantation. Eighteen 
patients received MAC regimen and 29 patients received RIC regimen. Neutrophil 
engraftment was achieved in all patients with a median of 14 days (range, 12-25). The 
cumulative incidence of grades II to IV and III to IV acute graft-versus-host disease 
(GVHD) were 19% and 2%. The cumulative incidence of chronic GVHD was 27% at 2 
year. Overall survival, disease free survival, relapse rate, and NRM were 78%, 56%, 
39%, and 5%, respectively, at 2 year. 
 
Conclusions: Our results suggest that PTCy-haploPBSCT achieved low incidences 
of GVHD and NRM and stable donor engraftment. We are now conducting 
prospective multicenter phase II studies (Haplo14, Haplo16, Haplo17) by Japan Study 
Group for Cell Therapy and Transplantation (JSCT). 
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Allogeneic hematopoietic stem cell transplantation in Japan
(1992 - 2015)
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The	Japanese	Data	Center	for	Hematopoietic	Cell	Transplantation

HLA 1 antigen mismatch

HLA-haploidentical

HLA-haploidentical SCT is increasing in Japan

T-cell deplete: TCD (ex vivo T-cell depletion)

T-cell replete: TCR (in vivo T-cell depletion)

� CD34 positive selection (Aversa, Italy)
� CD3/CD19 depletion (Handgretinger, Germany)
� TCRαβ/CD19 depletion (Handgretinger, Germany)

� CsA+MTX+MMF+ATG, G-CSF primed BM+PB (China)
� CsA+MTX+ATG (Korea) 
� Tac+mPSL+ATG (Ikegame, Japan)
� CsA+MMF+Alemtuzumab (Canada)
� CsA+MTX+Alemtuzumab (Kanda, Japan)

Several strategies to overcome HLA barriers
in HLA-haploidentical SCT 

Posttransplant cyclophosphamide 
(Post CY) 
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JOHNS HOPKINS, Baltimore

Patients, donors, and graft characteristics

Patients with hematological malignancies were enrolled in three similar clinical trials of non-
myeloablative conditioning and transplantation of partially HLA-mismatched bone marrow at Johns
Hopkins, Fred Hutchinson Cancer Research Center, or BMT Group of Georgia and Hahnemann
University Hospital. Donors were first-degree relatives who were identical at one HLA-haplotype and
mismatched at one or more loci of an unshared haplotype. Of the 210 patients, 149 were male. The
median age of the patients at transplantation was 52 (range, 1-73). Eligible diagnoses included acute
leukemia in 2nd or subsequent remission or in first complete remission with poor risk features;
Hodgkin lymphoma (HL); Non-Hodgkin Lymphoma (NHL); chronic lymphocytic leukemia (CLL) with
duration of remission< 6months after chemotherapy or high risk features; multiple myeloma (MM) in
resistant relapse or in relapse after autologous transplant; myelodysplastic syndrome (MDS); parox-
ysmal nocturnal hemoglobinuria (PNH); chronic myeloid leukemia (CML) beyond first chronic phase
(CP1), or interferon- or imatinib resistant CML in CP1; and chronic myeloproliferative disorders other
than CML. The two leading indications for transplantation were non-Hodgkin lymphoma (n ¼ 66) and
acute myeloid leukemia (n ¼ 43).

Patients and their donors were heavily mismatched on the unshared HLA locus, with a median
mismatch of four out of five of the HLA antigens that were typed.

The donor graft contained amedian of 3.7" 108mononuclear cells, of which 10%were Tcells and 1%
expressed the CD34 antigen.

Transplantation procedure

All patients were intended to be treated as outpatients. Conditioning for transplantation (Fig. 1)
consisted of cyclophosphamide 14.5 mg/kg/day on days #6 and #5, fludarabine 30 mg/m2/day for five
consecutive days starting on day#6, and 2 Gy total body irradiation given in a single fraction on day#1.
Bone marrow was harvested from donors and infused into recipients on day 0. The graft was depleted
of red-blood cells and plasma but therewas nomanipulation to deplete graft T-cells. GVHD prophylaxis
consisted of cyclophosphamide 50 mg/kg IV, together with Mesna, each on days 3 and 4, mycophe-
nolate mofetil 15 mg/kg po tid (maximum 3 g/day) from day 5–35, and tacrolimus from day 5–180.
Tacrolimus levels were monitored at least weekly with a desired concentration from 5 to 15 ng/ml.
Prophylactic antimicrobial therapy was started on day #6 and included norfloxacin, fluconazole, val-
cyclovir, and appropriate prophylaxis of Pneumocystis carinii pneumonia.

Engraftment and donor chimerism

Of the 210 patients transplanted, 204 were evaluable for donor cell engraftment. Twenty-seven
patients (13%) failed to engraft. Nearly all patients with primary or secondary graft failure experi-
enced recovery of autologous hematopoiesis. As reported previously, the median time to a neutrophil
count of$500/ml was 15 days, and themedian time to an unsupported platelet count of$20,000/ml was
24 days.

Fig. 1. Treatment schema for nonmyeloablative conditioning regimen in HLA-haploidentical transplantation with post-
transplantation cyclophosphamide. MMF ¼ mycophenolate mofetil; TBI ¼ total body irradiation; Cy ¼ cyclophosphamide;
G-CSF ¼ granulocyte colony stimulating factor.

Ashley T. Munchel et al. / Best Practice & Research Clinical Haematology 24 (2011) 359–368 363

GVHD

Fig. 2 shows the cumulative incidence of grade 2–4 aGVHD was 27%, grade 3–4 aGVHD was 5% and
chronic GVHD was 13%. This coincides with the data previously reported in the 67 patients, which had
shown a cumulative incidence of grade 2–4 aGVHD of 34%, grade 3–4 aGVHD of 6% [45].

Relapse and non-relapse mortality

The cumulative incidences of relapse and non-relapse mortality were 55% and 18%, respectively
(Fig. 3). One hundred thirteen patients have died. The causes of death are relapse (n ¼ 79), infection
(n ¼ 15), pulmonary complications (n ¼ 7), GVHD (n ¼ 5), other (n ¼ 4), or unknown (n ¼ 3).

Fig. 2. Cumulative incidence of acute (A) and chronic (B) GVHD after nonmyeloablative haploidentical stem cell transplantationwith
post-transplantation cyclophosphamide.

Fig. 3. Cumulative incidence of relapse and non-relapse mortality after nonmyeloablative haploidentical stem cell transplantation
with post-transplantation cyclophosphamide.

Ashley T. Munchel et al. / Best Practice & Research Clinical Haematology 24 (2011) 359–368364
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Fig. 2 shows the cumulative incidence of grade 2–4 aGVHD was 27%, grade 3–4 aGVHD was 5% and
chronic GVHD was 13%. This coincides with the data previously reported in the 67 patients, which had
shown a cumulative incidence of grade 2–4 aGVHD of 34%, grade 3–4 aGVHD of 6% [45].

Relapse and non-relapse mortality

The cumulative incidences of relapse and non-relapse mortality were 55% and 18%, respectively
(Fig. 3). One hundred thirteen patients have died. The causes of death are relapse (n ¼ 79), infection
(n ¼ 15), pulmonary complications (n ¼ 7), GVHD (n ¼ 5), other (n ¼ 4), or unknown (n ¼ 3).

Fig. 2. Cumulative incidence of acute (A) and chronic (B) GVHD after nonmyeloablative haploidentical stem cell transplantationwith
post-transplantation cyclophosphamide.

Fig. 3. Cumulative incidence of relapse and non-relapse mortality after nonmyeloablative haploidentical stem cell transplantation
with post-transplantation cyclophosphamide.

Ashley T. Munchel et al. / Best Practice & Research Clinical Haematology 24 (2011) 359–368364

aGVHD cGVHD

II-IV: 27%

III-IV: 5% 13%

relapse / NRM

relapse: 55%

NRM: 18%

Luznik L, et al. Biol. Blood Marrow Transplant. 2008.
Kasamon YL, Biol. Blood Marrow Transplant. 2010.
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Rationale of posttransplant cyclophosphamide
Selective depletion of alloreactive T-cells

JSCT Haplo13 Study
This prospective multicenter phase II study (UMIN000010316) was 
conducted by the Japan Study Group for Cell Therapy and Transplantation 
(JSCT).

Patients, donors, and graft characteristics

Patients with hematological malignancies were enrolled in three similar clinical trials of non-
myeloablative conditioning and transplantation of partially HLA-mismatched bone marrow at Johns
Hopkins, Fred Hutchinson Cancer Research Center, or BMT Group of Georgia and Hahnemann
University Hospital. Donors were first-degree relatives who were identical at one HLA-haplotype and
mismatched at one or more loci of an unshared haplotype. Of the 210 patients, 149 were male. The
median age of the patients at transplantation was 52 (range, 1-73). Eligible diagnoses included acute
leukemia in 2nd or subsequent remission or in first complete remission with poor risk features;
Hodgkin lymphoma (HL); Non-Hodgkin Lymphoma (NHL); chronic lymphocytic leukemia (CLL) with
duration of remission< 6months after chemotherapy or high risk features; multiple myeloma (MM) in
resistant relapse or in relapse after autologous transplant; myelodysplastic syndrome (MDS); parox-
ysmal nocturnal hemoglobinuria (PNH); chronic myeloid leukemia (CML) beyond first chronic phase
(CP1), or interferon- or imatinib resistant CML in CP1; and chronic myeloproliferative disorders other
than CML. The two leading indications for transplantation were non-Hodgkin lymphoma (n ¼ 66) and
acute myeloid leukemia (n ¼ 43).

Patients and their donors were heavily mismatched on the unshared HLA locus, with a median
mismatch of four out of five of the HLA antigens that were typed.

The donor graft contained amedian of 3.7" 108mononuclear cells, of which 10%were Tcells and 1%
expressed the CD34 antigen.

Transplantation procedure

All patients were intended to be treated as outpatients. Conditioning for transplantation (Fig. 1)
consisted of cyclophosphamide 14.5 mg/kg/day on days #6 and #5, fludarabine 30 mg/m2/day for five
consecutive days starting on day#6, and 2 Gy total body irradiation given in a single fraction on day#1.
Bone marrow was harvested from donors and infused into recipients on day 0. The graft was depleted
of red-blood cells and plasma but therewas nomanipulation to deplete graft T-cells. GVHD prophylaxis
consisted of cyclophosphamide 50 mg/kg IV, together with Mesna, each on days 3 and 4, mycophe-
nolate mofetil 15 mg/kg po tid (maximum 3 g/day) from day 5–35, and tacrolimus from day 5–180.
Tacrolimus levels were monitored at least weekly with a desired concentration from 5 to 15 ng/ml.
Prophylactic antimicrobial therapy was started on day #6 and included norfloxacin, fluconazole, val-
cyclovir, and appropriate prophylaxis of Pneumocystis carinii pneumonia.

Engraftment and donor chimerism

Of the 210 patients transplanted, 204 were evaluable for donor cell engraftment. Twenty-seven
patients (13%) failed to engraft. Nearly all patients with primary or secondary graft failure experi-
enced recovery of autologous hematopoiesis. As reported previously, the median time to a neutrophil
count of$500/ml was 15 days, and themedian time to an unsupported platelet count of$20,000/ml was
24 days.

Fig. 1. Treatment schema for nonmyeloablative conditioning regimen in HLA-haploidentical transplantation with post-
transplantation cyclophosphamide. MMF ¼ mycophenolate mofetil; TBI ¼ total body irradiation; Cy ¼ cyclophosphamide;
G-CSF ¼ granulocyte colony stimulating factor.

Ashley T. Munchel et al. / Best Practice & Research Clinical Haematology 24 (2011) 359–368 363

PBSCT

iv BU 3.2 mg/kg/day

Patients aged from 15 to 65 with hematological malignancies who has no 
HLA-matched related or unrelated available donor were enrolled.

Sugita J, Biol. Blood Marrow Transplant. 2015. 

Johns Hopkins1
BM

(n=210)

US/UK/AU2
PBSC
(n=53)

Haplo133
PBSC
(n=31)

Conditioning

regimen
Flu/CY/TBI Flu/CY/TBI Flu/CY/TBI

+BU(6.4mg/kg)
GVHD

prophylaxis
PTCy+Tac+MMF PTCy+Tac+MMF PTCy+Tac+MMF

Engraftment 87%

day15

(11-42)

96%

day17

(12-29)

87%

day19

(15-27)

acute GVHD

II-IV

III-IV
28%

4%

53%

8%

23%

3%

Chronic GVHD 13% 16% 15%

NRM 18% 17% 23%

Relapse 55% 28% 45%

1) Munchel AT, Best Pract Res Clin Haematol. 2011.

2) Raj K, Biology of Blood and Marrow Transplantation. 2014.

3) Sugita J, Biol. Blood Marrow Transplant. 2015.  
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Flu (150mg/m2) + ivBU (12.8mg/kg) + TBI (4Gy) 
BU based regimen

TBI based regimen
Flu (90mg/m2) + TBI (12Gy) 

Myeloablative conditioning (MAC)

Flu (150mg/m2) + ivBU (6.4mg/kg) + TBI (4Gy) 
BU based regimen

Reduced-intensity conditioning (RIC)

- single institute analysis -
We conducted a retrospective analysis of 47 patients who 
received PTCy-based HLA-haploidentical peripheral blood 
stem cell transplantation in Hokkaido university between 
March 2014 and April 2017.
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Patient characteristics (n=47)
Median Age (range) 43 (18-70)

Gender
Male
Female

31 (66%)
16 (34%)

Diagnosis
AML
ALL
MDS
Lymphoma
Others

21 (45%)
11 (23%)
6 (13%)
5 (11%)
4 ( 9%)

Disease status
1st CR
2nd CR-
non CR

19 (40%)
7 (15%)

21 (45%)
Allogeneic Transplantation

1st Transplantation
2nd or 3rd Transplantation

38 (79%)
10 (21%)

�	�����	�����
������

Flu (150mg/m2) + ivBU (12.8mg/kg) + TBI (4Gy) 
BU based regimen (n=7)

TBI based regimen (n=12)
Flu (90mg/m2) + TBI (12Gy) 

Myeloablative conditioning (MAC)

Flu (150mg/m2) + ivBU (6.4mg/kg) + TBI (4Gy) 
BU based regimen (n=28)

Reduced-intensity conditioning (RIC)

�
��������	�����

Peripheral blood stem cell (PBSC)
CD34: 5.4 x 106/kg (2.4-9.9)
CD3  : 1.5 x 108/kg (0.5-3.8)

Donor relationship 
Parent
Sibling
Child
Other

13 (28%)
16 (34%)
16 (34%)
2 (  4%)

�������
���	���

CY (50 mg/kg, day3, 4), n=31

CY (40 mg/kg, day3, 4), n=9
OR

+
Tacrolimus (day5-)

+
MMF (15 mg/kg x 3, day5-)
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1yr 66%

2yr 86%

Rates of off-immunosuppressant Summary
Engraftment 100%

(median day14)

acute GVHD II-IV 19%
III-IV 2%

chronic GVHD all : 27%
mod-sev : 20%

NRM at 2yr 5%
Relapse at 2 yr 39%
DFS at 2yr 56%
OS at 2yr 78%

14



Haplo14 RIC
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Haplo14 MAC

Haplo16 MAC

Haplo17 MAC

n=283

2013

2014

2016

2017

Prospective Multicenter Phase II studies in Japan

n=31

n=81 n=53

n=59 n=59

August 25 (Fri), 2017 [EN] Scientific Session III GVHD
“PTCY-Haplo transplant”  Takanori Teshima

Conclusions
n Our results suggest that PTCy-haploPBSCT 

achieved low incidences of GVHD and 
NRM with an acceptable relapse rate.

n We are now conducting prospective 
phase II studies of PTCy-haploPBSCT using 
myeloablative conditioning and reduced 
intensity conditioning.
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T-cell depletion effects of minimal low-dose antithymocyte globulin 
for GVHD prophylaxis in HLA-matched allogeneic peripheral blood 
stem cell transplantation 
 

Souichi Shiratori, Mizuha Kosugi-Kanaya, Takanori Teshima 
Department of Hematology, Hokkaido University Faculty of Medicine, Sapporo, Japan 
 

ĢBackgroundģ 

Incidence of graft-versus-host disease (GVHD) is higher in patients receiving 
allogeneic peripheral blood stem cell transplantation (PBSCT) than bone marrow 
transplantation. Antithymocyte globulin (ATG) has been shown to reduce GVHD after 
PBSCT, but its optimal dose remains to be determined. We conducted NJHSG-ATG, 
a pilot study to evaluate a minimal low-dose rabbit ATG (Thymoglobulin; ATG-T) for 
GVHD prophylaxis at a dose of 2 mg/kg of ATG-T (1 mg/kg on days -2 and -1) before 
HLA-matched PBSCT. 
ĢMethodsģ 

To evaluate the T-cell depletion effects of low-dose ATG-T in NJHSG-ATG study, we 
analyzed peripheral blood T-cell subsets by flow cytometry in patients who underwent 
PBSCT with or without low-dose ATG-T. 
ĢResultsģ 

We analyzed peripheral blood on day 28 after PBSCT in total 11 patients, including 3 
patients who were enrolled in NJHSG-ATG study, 2 patients who underwent 
HLA-matched PBSCT with the same dose of ATG-T as NJHSG-ATG study but could 
not be enrolled for the organ dysfunction, and 6 patients who underwent 
HLA-matched PBSCT without ATG-T at the period of NJHSG-ATG study in our 
institution. Flow cytometric analysis showed that the numbers of total CD3+, CD4+, 
and CD8+ T cells were significantly decreased in patients with low-dose ATG-T 
compared to those without low-dose ATG-T. In particular, naïve T cell fractions were 
significantly depleted by low-dose ATG-T compared to memory/effector fractions in 
both CD4+ and CD8+ T cells. 
ĢConclusionģ 

This study suggested that low-dose ATG-T in NJHSG-ATG study has a potential to 
reduce GVHD. Now we are conducting a prospective, multicenter, phase II study to 
evaluate the efficacy of this GVHD prophylaxis for HLA-matched PBSCT. 
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Introduction

�Allogeneic hematopoietic stem cell transplantation (HSCT) is a
curable treatment for patients with hematological malignancies, but
graft-versus-host disease (GVHD) remains a major problem after
HSCT.

�Compared to bone marrow transplantation (BMT), peripheral blood
stem cell transplantation (PBSCT) is a risk for severe acute GVHD
and chronic GVHD

�Recent randomized controlled trials indicate that antithymocyte
globulin (ATG) reduces severe acute GVHD and chronic GVHD after
PBSCT, however, doses of ATG differ between studies and optimal
dose of ATG need to be determined.
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BACKGROUND
Chronic graft-versus-host disease (GVHD) is the leading cause of later illness and death 
after allogeneic hematopoietic stem-cell transplantation. We hypothesized that the inclu-
sion of antihuman T-lymphocyte immune globulin (ATG) in a myeloablative conditioning 
regimen for patients with acute leukemia would result in a significant reduction in 
chronic GVHD 2 years after allogeneic peripheral-blood stem-cell transplantation from an 
HLA-identical sibling.

METHODS
We conducted a prospective, multicenter, open-label, randomized phase 3 study of ATG as 
part of a conditioning regimen. A total of 168 patients were enrolled at 27 centers. Patients 
were randomly assigned in a 1:1 ratio to receive ATG or not receive ATG, with stratification 
according to center and risk of disease.

RESULTS
After a median follow-up of 24 months, the cumulative incidence of chronic GVHD was 
32.2% (95% confidence interval [CI], 22.1 to 46.7) in the ATG group and 68.7% (95% CI, 
58.4 to 80.7) in the non-ATG group (P<0.001). The rate of 2-year relapse-free survival was 
similar in the ATG group and the non-ATG group (59.4% [95% CI, 47.8 to 69.2] and 64.6% 
[95% CI, 50.9 to 75.3], respectively; P = 0.21), as was the rate of overall survival (74.1% [95% 
CI, 62.7 to 82.5] and 77.9% [95% CI, 66.1 to 86.1], respectively; P = 0.46). There were no 
significant between-group differences in the rates of relapse, infectious complications, 
acute GVHD, or adverse events. The rate of a composite end point of chronic GVHD–free 
and relapse-free survival at 2 years was significantly higher in the ATG group than in the 
non-ATG group (36.6% vs. 16.8%, P = 0.005).

CONCLUSIONS
The inclusion of ATG resulted in a significantly lower rate of chronic GVHD after alloge-
neic transplantation than the rate without ATG. The survival rate was similar in the two 
groups, but the rate of a composite end point of chronic GVHD–free survival and relapse-
free survival was higher with ATG. (Funded by the Neovii Biotech and the European Soci-
ety for Blood and Marrow Transplantation; ClinicalTrials.gov number, NCT00678275.)
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BACKGROUND
Chronic graft-versus-host disease (GVHD) is the leading cause of later illness and death 
after allogeneic hematopoietic stem-cell transplantation. We hypothesized that the inclu-
sion of antihuman T-lymphocyte immune globulin (ATG) in a myeloablative conditioning 
regimen for patients with acute leukemia would result in a significant reduction in 
chronic GVHD 2 years after allogeneic peripheral-blood stem-cell transplantation from an 
HLA-identical sibling.

METHODS
We conducted a prospective, multicenter, open-label, randomized phase 3 study of ATG as 
part of a conditioning regimen. A total of 168 patients were enrolled at 27 centers. Patients 
were randomly assigned in a 1:1 ratio to receive ATG or not receive ATG, with stratification 
according to center and risk of disease.

RESULTS
After a median follow-up of 24 months, the cumulative incidence of chronic GVHD was 
32.2% (95% confidence interval [CI], 22.1 to 46.7) in the ATG group and 68.7% (95% CI, 
58.4 to 80.7) in the non-ATG group (P<0.001). The rate of 2-year relapse-free survival was 
similar in the ATG group and the non-ATG group (59.4% [95% CI, 47.8 to 69.2] and 64.6% 
[95% CI, 50.9 to 75.3], respectively; P = 0.21), as was the rate of overall survival (74.1% [95% 
CI, 62.7 to 82.5] and 77.9% [95% CI, 66.1 to 86.1], respectively; P = 0.46). There were no 
significant between-group differences in the rates of relapse, infectious complications, 
acute GVHD, or adverse events. The rate of a composite end point of chronic GVHD–free 
and relapse-free survival at 2 years was significantly higher in the ATG group than in the 
non-ATG group (36.6% vs. 16.8%, P = 0.005).

CONCLUSIONS
The inclusion of ATG resulted in a significantly lower rate of chronic GVHD after alloge-
neic transplantation than the rate without ATG. The survival rate was similar in the two 
groups, but the rate of a composite end point of chronic GVHD–free survival and relapse-
free survival was higher with ATG. (Funded by the Neovii Biotech and the European Soci-
ety for Blood and Marrow Transplantation; ClinicalTrials.gov number, NCT00678275.)
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Rabbit ATG (Thymoglobulin; ATG-T)
1mg/kg/day

PBSCT

CSA/TAC+sMTX
Conditioning

NJHSG (North Japan Hematology Study Group) -ATG study

�Six patients were enrolled in this study.
�No patient developed grade II to IV acute GVHD.
�Chronic GVHD developed in 3 patients, however, 2 patients achieved
CR and 1 patient achieved PR only by an increase in dose of
calcineurin inhibitors.
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Study aim

To evaluate effects of 2 mg/kg of ATG-T 
on T-cell depletion in the context of GVHD 

prophylaxis after PBSCT.
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Methods

�A total of 12 patients who underwent HLA-matched PBSCT were enrolled.

�T-cell subsets of PB on day 28 after PBSCT were analyzed by flow cytometry.

�CD4 gated cells were separated into four populations.
�Naïve T cells: CD45RA+ Foxp3- cells
�Memory/effector T cells: CD45RA- Foxp3- cells
�Cytokine-secreting T cells: CD45RA- Foxp3dim cells.
�Regulatory T cells: Foxp3+ cells

�CD8 gated cells were separated into three populations.
�Naive T cells: CD45RA+ CD27+ cellsM
�Memory T cells: CD45RA- CD27+ cells
�Effector T cells: CD27- cells.

�Statistical analysis was carried out using Mann–Whitney U-test. Statistical
analyses were performed with EZR. (Kanda Y, Bone Marrow Transplant, 2013)

(Miyara M, Immunity, 2009)
(Kanakry CG, Sci Transl Med, 2013)

(Hamann D, J Exp Med, 1997)
(Romero P, J Immunol, 2007)
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Flow cytometric analysis of 
T-cell subsets on day 28 after PBSCT

24/Aug/2017 ICBMT

Results

0%

20%

40%

60%

80%

100%

120%

ATG no ATG
0%

20%

40%

60%

80%

100%

120%

140%

ATG no ATG

CD4+ T cell fractions

Naive CD4+ T cells
Memory/effector CD4+ T cells

Cytokine-secreting CD4+ T-cells
Regulatory T-cells

Naive CD8+ T cells
Memory CD8+ T cells
Effector CD8+ T cells

** *

*p < 0.05; **p < 0.01

CD8+ T cell fractions

19



24/Aug/2017 ICBMT

Results

0

100

200

300

0

100

200

300

400

500

(/µl)(/µl)

Total CD4+ T cellsTotal CD3+ T cells

0

100

200

300

400
(/µl)

Total CD8+ T cells

ATG no ATGATG no ATG ATG no ATG

** ** **

*p < 0.05; **p < 0.01

24/Aug/2017 ICBMT

Results

0

20

40

60

(/µl)
Naive T cells

ATG no ATG
0

50

100

150

200

250
(/µl)

Memory/effector T cells

ATG no ATG

2

4

6

ATG no ATG
0

5

10

15

ATG no ATG

(/µl)
Regulatory T-cells Cytokine-secreting T-cells

(/µl)

CD4+ T cell
populations

** *

* *

*p < 0.05; **p < 0.01

24/Aug/2017 ICBMT

Results

0

50

100

150

200

0

20

40

60

80

(/µl)

Naive T cells

ATG no ATG

(/µl)

Memory T cells

ATG no ATG
0

40

80

120

(/µl)

Effector T cells

ATG no ATG

**
** *

*p < 0.05; **p < 0.01

CD8+ T cell populations

24/Aug/2017 ICBMT

Summery

�Flow cytometric analysis of T-cells in PB on day 28 after PBSCT
showed that frequencies of naïve CD4+ and CD8+ T-cell fractions were
distinctively less in patients with low-dose ATG-T than those without it.

�Absolute numbers of total CD3+, CD4+, and CD8+ T cells were
significantly less in patients with low-dose ATG-T than those without it.

�ATG-T also decreased in absolute numbers of all T-cell subsets
evaluated in this study, and in particular, naïve CD4+ and CD8+ T-cells
were shown the most significant decrease in patients with low-dose
ATG-T.

�Clinical course of the patients enrolled in this study also indicated the
inhibitory effect on both acute and chronic GVHD by low-dose ATG-T.

24/Aug/2017 ICBMT

Discussion

(Ruzek MC, Transplantation, 2009) 24/Aug/2017 ICBMT

Discussion

(Ruzek MC, Transplantation, 2009)

Naive CD8+ T cells
Naive CD4+ T cells
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Discussion

ATG-T: 4.5 mg/kg

(Bosch M, Cytotherapy, 2012) 24/Aug/2017 ICBMT

Conclusion

�Our preliminary data suggested that 2 mg/kg of ATG-T may
result in reduction of acute and chronic GVHD.

�Now we are conducting a prospective, multicenter, phase II
study to evaluate the efficacy of 2 mg/kg of ATG-T containing
GVHD prophylaxis for HLA-matched PBSCT (UMIN-CTR
UMIN000018645).

24/Aug/2017 ICBMT
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Feasibility and kinetics of CD34+ hematopoietic cells mobilization 
by low-dose pegfilgrastim in lymphoma patients  
 
Hideki Goto1, Daisuke Hidaka1, Satoshi Yamamoto2, Koji Hayasaka3, Rie Michimata3, 
Ikuko Kagawa3, Kana Sunagoya3, Hiroaki Iijima4, Eiko Hayase1, Souichi Shiratori1, 
Kohei Okada1, Junichi Sugita1, Masahiro Onozawa1, Daigo Hashimoto1, Kaoru 
Kahata1, Katsuya Fujimoto1, Tomoyuki Endo1, Chikara Shimizu3, Takanori Teshima1. 
1: Hokkaido University Faculty of Medicine, Graduate School of Medicine, 
Department of Hematology, Sapporo, Japan 
2: Sapporo City General Hospital, Department of Hematology, Sapporo, Japan  
3: Hokkaido University Hospital, Division of Laboratory and Transfusion Medicine 
4: Hokkaido University Hospital, Clinical Research and Medical Innovation Center, 
Department of Biostatistics, Sapporo, Japan 
 
�Introduction� 
Hematopoietic stem cell rescue with autologous peripheral blood stem cells (PBSC) 
following high-dose chemotherapy has been used for the treatment of lymphoma and 
myeloma. Granulocyte colony-stimulating factor (G-CSF) is used for PBSC 
mobilization but data on PBSC mobilization by pegfilgrastim is limited. Recent studies 
showed successful PBSC harvest by single dose of pegfilgrastim given at 6mg or 
12mg within 4 days after chemotherapy in patients with malignant lymphoma. 
However, administration of pegfilgrastim early after chemotherapy treatment induces 
overshoot of neutrophils, which may result in rapid plasma clearance of G-CSF due to 
internalization of the G-CSF/G-CSF receptor complexes via endocytosis in 
neutrophils. Previous studies demonstrated that day 7 injection of pegfilgrastim in the 
course of chemotherapy mitigated the neutrophil overshoot compared to day 4 
injection of pegfilgrastim. We hypothesized that day 7 administration of lower dose 
3.6mg pegfilgrastim could avoid neutrophil overshoot and efficiently mobilize PBSCs. 
Here we show the kinetics of CD34+ PBSC mobilization after 3.6mg pegfilgrastim 
given on day 7 in the course of chemotherapy.  
�Patients and Methods� 
Between February 2016 and May 2017, twenty patients with malignant lymphoma 
enrolled in this study (14 DLBCL, 2 AITL, 2 ALCL, 1 ATLL, 1 FL). Median age was 54 
(range 30-65). Eight patients had clinical stage �-	. Median number of prior 
chemotherapy was 0 (range 0-2). All patients received cytotoxic chemotherapy (13 
CHOP, 2 DeVIC, 2 ESHAP, 1 DHAP, 1 EPOCH, 1 HD-AraC) on day 1 and 3.6mg of 
pegfilgrastim was administered subcutaneously on day 7. Peripheral blood CD34+ 
cell counts were analyzed from day 11 to 14 after chemotherapy by flowcytometric 
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analysis using single platform method based on ISHAGE guideline. The primary 
objective is to clarify the kinetics of peripheral blood CD34+ cells without harvesting 
intervention. CD34+ values on each time point is statistically tested using one-sample 
t-test. To visualize the primary result, bar graph with mean and its confidence interval 
on each day is represented with the reference line (figure). The secondary objectives 
are to find peak point of CD34+ cell counts after each chemotherapy regimen and the 
feasibility of pegfilgrastim administration on day 7. Successful mobilization was 
defined as to achieve more than 10×106/L peripheral blood CD34+ cells on any time 
points between day 11 and 14. All patients were assessed for toxicity according to the 
National Cancer Institute Common Toxicity Criteria, version 4.0. This study was 
approved by the institutional review board and conducted in accordance with the 
Declaration of Helsinki. 
�Results� 
 Successful mobilization was achieved in 19 of the 20 patients (95%). Mean number 
(SD) of WBC (×109/L) on each day between day 11 and day 14 was 5.4 (3.7), 11.4 
(9.1), 14.2 (9.1) and 13.9 (7.4), respectively. Mean number (SD) of CD34+ cells 
(×106/L) on each day between day 11 and day 14 was 20.3 (22.5), 38.0 (35.7), 40.3 
(39.8), and 40.1 (53.5), respectively. The 98.75% confidence interval [CI] of CD34+ 
cells (×106/L) on each day between day 11 and day 14 was [6.39-34.22], 
[16.16-60.25], [15.77-64.97] and [7.09-73.16], respectively (Figure). The number of 
CD34+ cells on day 12 or 13 showed significantly higher than 10×106/L CD34+ cell (P 
= 0.0022 and 0.0030, respectively) (Figure). We then compared the peak of CD34+ 
cells in a peripheral blood in each chemotherapy regimens. The peak day of CD34+ 
cell in patients who received CHOP regimen was day 13 (mean 54.3 ×106/L, range 
15.8–151.0×106/L) . However, in 4 of 5 patients who received platinum containing 
regimen, CD34+ cells failed to reach the peak before day 14 because of prolonged 
myelosuppression. The number of prior 
chemotherapy regimen (0 vs 1-2) was not 
associated with the kinetics of CD34+ cells (p 
= 0.35). No infectious events including febrile 
neutropenia were observed. Back pain and 
LDH elevation (Grade 1-2) were the main 
adverse events related to pegfilgrastim 
administration. We had not detected any 
severe adverse events.  
�Conclusion� 
Our data indicated that 3.6mg pegfilgrastim 
on day 7 can mobilize CD34+ cells to 
peripheral blood without any severe adverse 
events.  
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Myeloablative Versus Reduced Intensity Conditioning in 
HLAHaploidentical Peripheral Blood Stem Cell Transplantation 
Using Posttransplant Cyclophosphamide 
 
Junichi Sugita1, Toshihiro Miyamoto2, Yasuhiko Shibasaki3, Koji Nagafuji4, Shuichi 
Ota5, Tatsuo Furukawa6, Miho Nara7, Yusuke Kagaya8, Keitaro Matsuo9, Koichi 
Akashi2, Shuichi Taniguchi10, Mine Harada11, Takanori Teshima1 

 
1Hokkaido University 
2Kyushu University 
3Niigata University 
4Kurume University 
5Sapporo Hokuyu Hospital 
6Nagaoka Red Cross Hospital 
7Akita University 
8Japanese Red Cross Nagoya First Hospital 
9Aichi Cancer Center Research Institution 
10Toranomon Hospital 
11Karatsu Higashimatsuura Medical Association 
 
HLAhaploidentical stem cell transplantation using posttransplant cyclophosphamide 
(PTCyhaploSCT) Is increasingly performed worldwide. Since relapse remains a major 
problem, myeloablative conditioned (MAC) peripheral blood stem cell transplantation 
(PBSCT) approach using PTCy (PTCyhaploPBSCT) has been developed. However, it 
remains to be investigated whether this approach could increase risks of GVHD and 
nonrelapse mortality (NRM) compared to reducedintensity conditioned (RIC) 
PTCyhaploPBSCT or not. 
We conducted a prospective, multicenter, phase II study to evaluate the safety and 
efficacy of PTCyhaploPBSCT following MAC and RIC regimen (JSCT Haplo14). MAC 
regimen was fludarabine (Flu, 90 mg/m2) plus total body irradiation (TBI, 12 Gy), or 
Flu (150 mg/m2), busulfan (BU, 12.8 mg/kg), and TBI (4Gy). RIC regimen was Flu 
(150 mg/m2), BU (6.4 mg/kg), and TBI (4Gy). GVHD prophylaxis consisted of 
cyclophosphamide (50 mg/kg/day on days 3 and 4) and tacrolimus plus 
mycophenolate mofetil.  
Fifty patients with a median age of 36 (range, 17 to 60) and 77 patients with a median 
age of 58 (range, 22 to 65) were enrolled in the MAC protocol and the RIC protocol, 
respectively, between 2014 and 2016. Diagnoses included AML/MDS (MAC; n=27, 
RIC; n=46), ALL (MAC; n=11, RIC; n=14), lymphoma (MAC; n=6, RIC; n=14), and 
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others (MAC; n=6, RIC; n=3). Twentyfour patients (48%) and 45 patients (58%) in the 
MAC group and RIC group, respectively, were not in remission, and 30 patients (42%) 
in the RIC group had a history of prior alloSCT. Neutrophil engraftment was achieved 
in 98% and 94% with a median of 17 and 18 days in the MAC group and RIC group, 
respectively (P=0.10). The cumulative incidence of grades II IV and IIIIV acute GVHD 
at days 100 were 18%, 8% in the MAC group, and 14%, 5% in the RIC group, 
respectively (IIIV; P=0.52, IIIIV; P=0.52). All grade and moderate to severe chronic 
GVHD at 1 year were 30%, 14% in the MAC group, and 23%, 17% in the RIC group, 
respectively (all grade; P=0.37, moderate to severe; P=0.71). Overall survival (OS) 
and event free survival (EFS) at 1 year were significantly superior in the MAC group 
(OS: 76% vs 54%, P=0.01, EFS: 68% vs 44%, P=0.02). There was no significant 
difference in NRM and relapse rate (RR) at 1 year between the groups (NRM: 8% vs 
18%, P=0.08, RR: 28% vs 39%, P=0.33). In a subgroup analysis of patients who had 
no history of prior alloSCT, there was no difference in OS, EFS, NRM, and RR 
between the MAC and RIC groups (OS: 76% vs 60%, P=0.11, EFS: 68% vs 53%, 
P=0.27, NRM: 8% vs 19.1%, P=0.07, RR: 28% vs 30%, P=0.77). In a subgroup 
analysis of patients in remission, there was also no difference in OS, EFS, NRM, and 
RR between the groups (OS: 89% vs 74%, P=0.16, EFS: 77% vs 69%, P=0.59, NRM: 
8% vs 13%, P=0.55, RR: 15% vs 22%, P=0.88). Our results suggest that MAC PTCy 
haploPBSCT and RIC PTCyhaplo PBSCT produce comparable rates of engraftment, 
acute and chronic GVHD, and NRM. 
 

� �
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Myeloablative versus reduced-intensity conditioning in 
HLA-haploidentical peripheral blood stem cell 

transplantation using posttransplant cyclophosphamide

Junichi Sugita1, Yusuke Kagaya2, Toshihiro Miyamoto3, Yasuhiko Shibasaki4,
Koji Nagafuji5, Shuichi Ota6, Tatsuo Furukawa7, Miho Nara8, Keitaro Matsuo9,
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GVHD

Fig. 2 shows the cumulative incidence of grade 2–4 aGVHD was 27%, grade 3–4 aGVHD was 5% and
chronic GVHD was 13%. This coincides with the data previously reported in the 67 patients, which had
shown a cumulative incidence of grade 2–4 aGVHD of 34%, grade 3–4 aGVHD of 6% [45].

Relapse and non-relapse mortality

The cumulative incidences of relapse and non-relapse mortality were 55% and 18%, respectively
(Fig. 3). One hundred thirteen patients have died. The causes of death are relapse (n ¼ 79), infection
(n ¼ 15), pulmonary complications (n ¼ 7), GVHD (n ¼ 5), other (n ¼ 4), or unknown (n ¼ 3).

Fig. 2. Cumulative incidence of acute (A) and chronic (B) GVHD after nonmyeloablative haploidentical stem cell transplantationwith
post-transplantation cyclophosphamide.

Fig. 3. Cumulative incidence of relapse and non-relapse mortality after nonmyeloablative haploidentical stem cell transplantation
with post-transplantation cyclophosphamide.

Ashley T. Munchel et al. / Best Practice & Research Clinical Haematology 24 (2011) 359–368364
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aGVHD cGVHD

II-IV: 27%

III-IV: 5%
13%

relapse / NRM

relapse: 55%

NRM: 18%

Luznik L, et al. Biol. Blood Marrow Transplant. 2008.
Kasamon YL, Biol. Blood Marrow Transplant. 2010.

BMTNon-myeloabative conditioning

PBSCT

iv BU 3.2 mg/kg/day

Sugita J, Biol. Blood Marrow Transplant. 2015. 

JSCT Haplo13 Study
(prospective multicenter phase II study)

Challenge of this study: 
�PBSCT is a risk for GVHD 
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Johns Hopkins1
BM

(n=210)

US/UK/AU2
PBSC
(n=53)

Haplo133
PBSC
(n=31)

Conditioning

regimen
Flu/CY/TBI Flu/CY/TBI Flu/CY/TBI

+BU(6.4mg/kg)
GVHD

prophylaxis
PTCy+Tac+MMF PTCy+Tac+MMF PTCy+Tac+MMF

Engraftment 87%

day15

(11-42)

96%

day17

(12-29)

87%

day19

(15-27)

acute GVHD

II-IV

III-IV
28%

4%

53%

8%

23%

3%

Chronic GVHD 13% 16% 15%

NRM 18% 17% 23%

Relapse 55% 28% 45%

1) Munchel AT, Best Pract Res Clin Haematol. 2011.

2) Raj K, Biology of Blood and Marrow Transplantation. 2014.

3) Sugita J, Biol. Blood Marrow Transplant. 2015.  

JSCT Haplo14 MAC

JSCT Haplo14 Study
(two parallell, prospective, multicenter phase II studies)

JSCT Haplo14 RIC

HaploPBSCT following Myeloablative conditioning (MAC)

HaploPBSCT following reduced-inteinsity conditioning (RIC)

Challenge of this study: 
�HLA-mismatch
�Myeloablative Worst risk for GVHD
�PBSCT Jagasia: BLood 2012

Myeloablative conditioning (MAC)

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

TBI (12 Gy)

PBSCT

G-CSF

MMF

Tacrolimus

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

iv BU (3.2 mg/kg/day)
TBI (4 Gy)

PBSCT

G-CSF

MMF

Tacrolimus

BU based regimen

TBI based regimen

Reduced-intensity conditioning (RIC)

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

iv BU (3.2 mg/kg/day)

TBI (4 Gy)

PBSCT

G-CSF

MMF

Tacrolimus

BU based regimen

JSCT Haplo13

JSCT Haplo14 RIC

Flu + CY + BU + TBI (2Gy)

Flu + CY + BU + TBI (4Gy)

Results of Haplo14 study

MAC (n=50) RIC (n=77) P-value
Age at transplant

Median (range), years
17-50
50-65

36 (17-60)
41 (82%)
9 (18%)

58 (22-65)
26 (34%)
51 (66%)

<0.01

<0.01

Sex, no (%)
Male
Female

41 (82%)
9 (18%)

48 (62%)
29 (38%)

0.028

Diagnosis
AML
ALL
MDS/MPN
Lymphoma
Others

23 (46%)
11 (22%)
6 (12%)
6 (12%)
4 (8%)

34 (44%)
14 (18%)
12 (16%)
14 (18%)
3 (4%)

0.72

Patient characteristics
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MAC (n=50) RIC (n=77) P-value
Disease status

CR1
CR2-
Not in remission

15 (30%)
11 (22%)
24 (48%)

17 (22%)
15 (20%)
45 (58%)

0.48

refined DRI
low
intermediate
high
very high

2 ( 4%)
22 (44%)
14 (28%)
12 (24%)

3 ( 4%)
22 (29%)
25 (33%)
27 (35%)

0.34

HCT-CI, no (%)
0
1-2
≥3

37 (74%)
9 (18%)
3 (  8%)

43 (59%)
24 (31%)
10 (13%)

0.14

History of prior allo-SCT, no(%)
No
Yes

50 (100%)
-

47 (61%)
30 (39%)

<0.01

Patient characteristics Donor and graft characteristics
MAC (n=50) RIC (n=77) P-value

HLA match, no.(%)
(GVH direction)

4/8
5/8
6/8
7/8

(HVG direction)
4/8
5/8
6/8
7/8
8/8

28 (56%)
16 (32%)
6 (12%)

-

31 (62%)
16 (32%)
2 (4%)

-
1 (2%)

33 (43%)
33 (43%)
10 (13%)
1 (1%)

38 (49%)
27 (35%)
11 (14%)
1 (1%)

-

0.44

0.13

Donor relationship, no (%)
Parent
Sibling
Child
Others

14 (28%)
25 (50%)
8 (16%)
3 (6%)

6 (8%)
25 (33%)
46 (60%)

-

<0.01

Donor and graft characteristics
MAC (n=50) RIC (n=77) P-value

D/R gender mismatch, no. (%)
Match
Female to Male
Male to Female

26 (52%)
21 (42%)
3 (6%)

48 (62%)
17 (22%)
12 (16%)

0.033

D/R CMV serostatus, no.(%)
D+R+
D-R-
D+R-
D-R-
NA

34 (71%)
9 (19%)
4 (8%)
1 (2%)
2 (4%)

49 (71%)
15 (22%)
4 (6%)
1 (1%)
8 (12%)

0.91

CD34 (x106/kg) of PBSCs
median (range)
<4.0
≥4.0

4.0 (2.0-11.4)
25 (50%)
25 (50%)

4.2(1.4-11.1)
33 (43%)
44 (57%)

0.36

0.47

Cytokine release syndrome (CRS)

0 1 2 3 4 5 6 7
36

37

38

39

40

41

0 1 2 3 4 5 6 7
36

37

38

39

40

41
MAC RICCyclophosphamide Cyclophosphamide

48 (96%) of 50 patiens developed CRS 72 (94%) of 77 patiens developed CRS

Engraftment
MAC: 98% 

RIC: 94% 

P=0.10 

MAC: 84% 

RIC: 74% 

P=0.32 

Neutrophil engraftment Platelet engraftment

median day 17 
median day 18

median day 31 
median day 37

acute GVHD

MAC: 18% 

RIC: 14% 
P=0.52 

MAC: 8% 
RIC: 5% 

P=0.52 

grade II-IV acute GVHD grade III-IV acute GVHD
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chronic GVHD
all grade chronic GVHD moderate to severe chronic GVHD

MAC: 36% 

RIC: 27% 

P=0.24 

MAC: 20% 
RIC: 20% 

P=1.0 

NRM・Relapse

MAC: 10% 

RIC: 20% 

P=0.15 

MAC: 36% 

RIC: 45% 

P=0.32 

NRM relapse

OS・EFS
OS EFS

MAC: 68% 

RIC: 44% 

P=0.02 

MAC: 54% 

RIC: 35% 

P=0.04 

OS・EFS
OS EFS

MAC: 68% 

RIC (1st SCT): 52% 

P=0.04 

RIC (≥2nd SCT): 31% 

MAC: 54% 

RIC (1st SCT): 44% 

RIC (≥2nd SCT): 21% 

P=0.02 

OS stratified by DRI
MAC RIC

low/int : 87%
(n=24) 

high/very high : 50%
(n=26) 

low/int: 67%
(n=25) 

high/very high: 33%
(n=52) 

P<0.01 P<0.01 

Cause of death 
MAC

(n=28) 
RIC

(n=43)
Relapse 13 (72%) 28 (65%)

Non-relapse mortality (NRM) 5 (28%) 15 (35%)
Infection 3 6
Graft failure 3
Graft-versus-host disease (GVHD) 2
Sinusoidal obstruction syndrome (SOS) 1 1
Acute Respiratory Distress Syndrome (ARDS) 1
Interstitial pneumonia 1
Multiple organ failure (MOF) 1 1
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Rates of off-immunosuppressants

83% at 2yr

65% at 1yr
56% at 1yr

86% at 2yr

in patients who survived at last follow-up without relapse (MAC:n=26, RIC:n=27) 

MAC RIC

NRM
HR (95%CI) P-value

Relapse
HR (95%CI) P-value

Conditioning regimen
MAC
RIC

1
1.13 (0.33-3.84) 0.85

1
0.81 (0.41-1.58) 0.53

Age at transplant
<50
≥50

1
3.39 (0.95-12.0) 0.06

- -

refined DRI
low/Int
high/very high

- - 1
3.09 (1.60-5.97) <0.01

History of prior allo-SCT
No
Yes

- - 1
2.01 (1.02-3.97) 0.04

Multivaliate analysis 

OS
HR (95%CI) P-value

EFS
HR (95%CI) P-value

Conditioning regimen
MAC
RIC

1
0.85 (0.41-1.75) 0.66

1
0.73 (0.39-1.38) 0.34

Age at transplant
<50
≥50

1
2.12 (1.18-3.84) 0.01

1
2.15 (1.26-3.65) <0.01

refined DRI
low/Int
high/very high

1
3.42 (1.82-6.43) 0.01

1
2.87 (1.67-4.95) 0.01

History of prior allo-SCT
No
Yes

1
2.43 (1.26-4.67) <0.01

1
2.38 (1.30-4.33) <0.01

Multivaliate analysis Johns Hopkins1

BM
(n=210)

Haplo14 MAC
PBSC
(n=50)

Haplo14 RIC
PBSC
(n=77)

Condtioning
regimen

Flu/CY/TBI Flu/TBI
Flu/BU4/TBI

Flu/BU2/TBI

GVHD
prophylaxis

PTCy+Tac+MMF PTCy+Tac+MMF PTCy+Tac+MMF

Engraftment 87%
day15
(11-42)

98%
day17
(12-39)

94%
day18
(13-50)

Acute GVHD
II-IV
III-IV

27%
5%

18%
8%

14%
5%

Chronic GVHD
all
mod-sev

13%
-

36%
20%

27%
20%

NRM 18% 10% 20%

1) Munchel AT, Best Pract Res Clin Haematol. 2011;24:359–368. 

n We presented outcomes of two parallel prospective, multicenter, 
phase II studies of MAC and RIC based PTCy-haploPBSCT in 
Japan.

n In the multivaliate analysis, recipient age at transplant, DRI, and 
history of piror allo-SCT were independent risk factors for OS 
and EFS.

n Our results indicate that both MAC and RIC are valid options for 
PTCy-haploSCT for adults with hematological malignancy. 
Ideally, more precise comparison of MAC and RIC should be 
studied further in the setting of a randomized trial. 
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HLA‒haploidentical stem cell transplantation using post‒transplant 
cyclophosphamide (PTCy‒haploSCT) after nonmyeloablative conditioning ensures 
good GVHD controls and low non‒relapse mortality (NRM), however, relapse remains 
a major problem. We conducted a prospective, multicenter, phase II study to evaluate 
the safety and efficacy of PTCy‒haploPBSCT using myeloablative conditioning (MAC: 
JSCT Haplo14 MAC, UMIN000014406). The primary endpoint of this study was 1‒
year event‒free survival (EFS). Myeloablative conditioning regimen were fludarabine 
(Flu, 90mg/m2) plus total body irradiation (TBI, 12Gy), or Flu (150mg/m2), busulfan 
(12.8mg/kg), and 4Gy TBI. GVHD prophylaxis consisted of Cy (50 mg/kg/day on days 
3 and 4) and tacrolimus plus mycophenolate mofetil starting on day 5. Fifty‒patients 
with a median age of 36 (range, 17 to 60) were enrolled between 2014 and 2015. 
Diagnoses included AML/MDS (n=27), ALL(n=11), lymphoma (n=6), and others (n=6). 
Neutrophil engraftment was achieved in 98% of patients with a median of 17 days. 
The cumulative incidence of grades II‒IV and III‒IV acute GVHD and chronic GVHD 
at 1 year were 18%, 8%, and 32%, respectively. Overall survival, EFS, relapse rate, 
and NRM were 76%, 64%, 28%, and 8%, respectively, at 1 year. EFS 64% (95%CI: 
49%‒76%) was over the threshold (30%). EFS and relapse rate at 1year were 77% 
and 15% in remission patients, and 50% and 42% in patients with active disease. Our 
results suggest that PTCy‒haploPBSCT after MAC achieved low incidences of GVHD 
and NRM with an acceptable relapse rate, particularly in remission patients. 
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骨髄破壊的前治療による
移植後シクロホスファミドを用いた
血縁者間HLA半合致末梢血幹細胞移植の第II相試験
JSCT-Haplo14 MAC （UMIN000014406）
杉田純一1), 宮本敏浩2), 長藤宏司3), 加賀谷裕介4), 町田真一郎5), 
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7) 大分県立病院 血液内科
8) 新潟大学医歯学総合病院 高密度無菌治療部
9) 愛知県がんセンター研究所 遺伝子医療研究部
11)  虎の門病院 血液内科
12)  唐津東松浦医師会医療センター

Japan Study Group for Cell Therapy and Transplantation (JSCT)

日本血液学会
}� ~開示

筆頭発表者名： 杉田 純一

■すべての共同発表者を代表し、本発表演題に関連して
開示すべきCOI 関係にある企業などはありません。

■本研究は北海道大学病院および各参加施設において
IRB の承認を得ています。

Introduction
・Johns Hopkins のLuzunikらにより移植後シクロホスファミドを用いた
HLA半合致骨髄移植の報告がなされ、GVHD抑制効果に優れ、非再発死亡が
少ないことが報告されている。

・一方で再発率に課題が残ることから、前治療強化や末梢血幹細胞を用いる
試みなど欧米では多くの臨床研究が進行中である。

・我々は過去にJohns Hopkinsの原法にBusulfan (6.4mg/kg) を追加し、
移植片を末梢血幹細胞への変更を行った多施設共同第II相試験 (Haplo13) を
実施し、欧米からの報告と同様にGVHD抑制効果に優れ、非再発死亡が少な
いことを報告した。

・今回我々は骨髄破壊的前治療を用いた血縁者間HLA半合致末梢血幹細胞移
植の第II相試験 (Haplo14 MAC) を実施したのでその結果を報告する。

Luznik L, BBMT. 2008;14:641–650. 

Solomon SR, BBMT. 2012;18:1859–1866. 
Raiola AM, BBMT. 2013;19:117–122. 

Sugita J. BBMT. 2015;21:1646–1652. 

154��604��
C15oh

154��654��
C15z�yoc

Haplo14 MAC Haplo14 RIC

Haplo13 Sugita J, BBMT 2015;21:1646–1652. 

Haplo16 MAC Haplo16 RIC

154��704��
C15z�yoc

154��604��
C15oh

PTCY�*oh (50mg/kg, day3,4)
MMFq(+:8{�3
T/�9{Y��9qH�

PTCY8U (40 mg/kg, day3,4)
MMFq(+:8{�3
T/�9{Y��9qH�

Flu+BU4+TBI(4Gy)
Flu+TBI(12Gy)

Flu+BU2+TBI(4Gy)

Flu+CY+BU2+TBI(2Gy)

Haplo17 MAC Haplo17 RIC
PTCY�*oh (50mg/kg, day3,4)
MMF8U (15mg/kg, 1'2�, day5-30)
Tacq(+�3 (day90�Xq�3)

PTCY8U (40 mg/kg, day3,4)
MMF8U (15mg/kg, 1'2�, day5-30)
Tacq(+�3 (day90�Xq�3)

E40�SNFLC1�	(-�) ��

Methods
・ 多施設共同第Ⅱ相試験（JSCT研究会）

・ 登録症例数：53例 (2014/08 ‒ 2015/09)
解析症例数：50例
不適格1例：HLA一致度6/8
移植中止2例：原病増悪、採取細胞数不足

・ 観察期間中央値: 705日 (369-957)

・ 主要評価項目
移植後1年時点での無イベント生存率（EFS）

・ 副次評価項目
移植後100日、移植後1年、移植後2年時点での
生着達成割合、急性GVHD、慢性GVHD、再発率、
全生存率、無病生存率など

移植前治療・GVHD予防

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

TBI (12 Gy)

PBSCT

G-CSF

MMF

Tacrolimus

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

iv BU (3.2 mg/kg/day)
TBI (4 Gy)

PBSCT

G-CSF

MMF

Tacrolimus

BU based regimen

TBI based regimen
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Results

Median age, y (range) 36(17-60)
Sex (M:F) 41:9
Diagnosis

AML
ALL/LBL
MDS/MPN
Lymphoma
Others

23 (46%)
11 (22%)
6 (12%)
6 (12%)
4 (  8%)

Disease status
1st CR
2nd CR or 3rd CR
non CR

15 (30%)
11 (22%)
24 (48%)

Refined Disease Risk Index 
(DRI)

Low
Intermediate
High
Very High

2 ( 4%)
22 (44%)
14 (28%)
12 (24%)

Patient characteristics

Donor relationship
Parent
Sibling
Child
Other

14 (28%)
25 (50%)

8 (16%)
3 (  6%)

CMV serostatus
D+R+
D-R+
D+R-
D-R-
NA

34 (68%)
9 (18%)
4 (  8%)
1 (  2%)
2  ( 4%)

Cell dose
CD34 (x106/kg) 4.0 (2.0-11.4)

Donor and graft  characteristics Engraftment

好中球生着: 98%, 中央値 day17 血小板生着: 84%, 中央値 day31

GVHD
急性GVHD
II-IV: 18%, III-IV:  8%

慢性GVHD
all grade: 30%(1y),33%(2y)
moderate-severe: 14%(1y),17%(2y)

NRM{Relapse
NRM: 8%(1y), 8%(2y) Relapse: 28%(1y), 38%(2y)
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Overall survival (OS)
76% (1y)

73% (2y)

Event-free survival (EFS)

68% (1y)

56% (2y)

Primary endpoint
1 );lqEFS 68% (95%CI: 53%-79%) 

Cause of death 
Relapse 11 (73%)

Non relapse mortality (NRM) 4 (27%)
Infection 2

Sinusoidal obstruction syndrome (SOS) 1

Multiple organ failure (MOF) 1

Haploimmunostorm syndrome 

0 1 2 3 4 5 6 7
36

37

38

39

40

41

Te
m

pe
ra

tu
re

 (º
C

)

Days after transplantation 

50例中48例(96%)で38ºC以上の非感染性発熱

Disease risk index 

P<0.01 P<0.01

High, n=14
Low/Int, n=24

Very high, n=12

OS EFS

Disease risk index 
High, n=14
Low/Int, n=24

Very high, n=12

NRM Relapase

P<0.01P=0.99
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Conditioning regimen 
Flu/BU4/TBI, n=23
Flu/TBI, n=27

P=0.61 P=0.11

OS EFS

Conditioning regimen 
Flu/BU4/TBI, n=23
Flu/TBI, n=27

NRM Relapase

P=0.11P=0.90

%K _

P=0.08 P=0.13

OS EFS

404��, n=30
414��, n=20

%K _

404��, n=30
414��, n=20

NRM Relapase

P=0.67P=0.01

Multivariate analysis
OS

Hazard Ratio (95%CI) P-value
EFS

Hazard Ratio (95%CI) P-value
Age at PBSCT

404��
414��

1
1.77 (0.58-5.5) P=0.32

1
1.20 (0.46-3.1) P=0.72

Conditioning regimen
Flu/BU4/TBI
Flu/TBI

1
0.93 (0.33-2.7) P=0.91

1
0.54 (0.21-1.4) P=0.20

Disease risk index
Low/Int
High
Very high

1
3.31 (0.58-19.2)
10.3 (2.1-49.6)

P=0.18
P<0.01

1
2.52 (0.72-8.8)
4.70 (1.54-14.2)

P=0.15
P<0.01

Discussion
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Johns Hopkins1

BM
(n=210)

Haplo132

PBSC
(n=31)

Haplo14 MAC
PBSC
(n=50)

Condtioning
regimen

Flu/CY/TBI Flu/CY/TBI
+BU(6.4mg/kg)

Flu/TBI
Flu/BU4/TBI

GVHD
prophylaxis

PTCy+Tac+MMF PTCy+Tac+MMF PTCy+Tac+MMF

Engraftment 87%
day15
(11-42)

87% (100%)
day19
(15-27)

98%
day17
(12-39)

acute GVHD
II-IV
III-IV

28%
4%

23%
3%

18%
8%

Chronic GVHD 13% 15% 30%
NRM (1yr) 18% 23% (11%) 8%

1) Munchel AT, Best Pract Res Clin Haematol. 2011;24:359–368. 
2) Sugita J, Biol. Blood Marrow Transplant. 2015;21:1646–1652.  

Safety of PTCy-haploPBSCT 

P<0.01 P<0.01

High, n=14
Low/Int, n=24

Very high, n=12

OS
Low/Int

High

Very high High

Very high

Low

Int

Armand P. Blood. 2014;123:3664–3671. 

Efficacy of PTCy-haploPBSCT 

Conclusion
{]^B�A�7?z=ciNIKVHLA��M,0N
!FLC1#q1 EFS|68%(95%CI: 49%-76%)lbv
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A pilot study of minimal low-dose antithymocyte globulin for GVHD 
prophylaxis in HLA-matched allogeneic peripheral blood stem cell 
transplantation: NJHSG-ATG 
 
Souichi Shiratori1, Akio Shigematsu2, Mizuha Kosugi-Kanaya1, Satomi Matsuoka3, 
Shojiro Takahashi2, Kohei Okada1, Hideki Goto1, Junichi Sugita1, Masahiro Onozawa1, 
Masao Nakagawa1, Kaoru Kahata1, Katsuya Fujimoto1, Daigo Hashimoto1, Tomoyuki 
Endo1, Takeshi Kondo1, Takanori Teshima1, on behalf of North Japan Hematology 
Study Group 
1 Department of Hematology, Hokkaido University Graduate School of Medicine, 
Sapporo, Japan 
2 Department of Hematology, Sapporo Hokuyu Hospital, Sapporo, Japan. 
3 Department of Hematology, Hakodate Municipal Hospital, Hakodate, Japan. 
 
Abstract 
Background: Incidence of graft-versus-host disease (GVHD) is higher after 
allogeneic peripheral blood stem cell transplantation (PBSCT) than after bone marrow 
transplantation. Antithymocyte globulin (ATG) has been shown to reduce GVHD after 
PBSCT, but its optimal dose remains to be determined. 
Methods: We conducted a pilot study to evaluate the safety of minimal low-dose 
rabbit ATG (Thymoglobulin; ATG-T) for GVHD prophylaxis in HLA-matched PBSCT. 
ATG-T was administered at a dose of 1 mg/kg on days -2 and -1 before PBSCT from 
an HLA-8/8 matched sibling or unrelated donor. The primary study objective was the 
incidence of cytomegalovirus (CMV) infection, hemorrhagic cystitis (HC), and 
posttransplant lymphoproliferative disorder (PTLD) at 1 year posttransplant. Flow 
cytometric analysis of T-cell subsets in peripheral blood after PBSCT were also 
performed. 
Results: Six patients were enrolled in this study. All patients achieved engraftment 
and no patient developed CMV infection, HC, or PTLD. No patient developed acute or 
chronic GVHD requiring systemic corticosteroids. Low-dose ATG-T significantly 
decreased in numbers of CD4+ and CD8+ T cells, and naïve T cell fractions on day 28 
after PBSCT. 
Conclusion: Our study suggested that minimal low-dose ATG-T containing GVHD 
prophylaxis is safe in HLA-matched PBSCT in Japanese. Now we are conducting a 
prospective, multicenter, phase II study to evaluate the efficacy of this GVHD 
prophylaxis for HLA-matched PBSCT. 
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BACKGROUND
Chronic graft-versus-host disease (GVHD) is the leading cause of later illness and death 
after allogeneic hematopoietic stem-cell transplantation. We hypothesized that the inclu-
sion of antihuman T-lymphocyte immune globulin (ATG) in a myeloablative conditioning 
regimen for patients with acute leukemia would result in a significant reduction in 
chronic GVHD 2 years after allogeneic peripheral-blood stem-cell transplantation from an 
HLA-identical sibling.

METHODS
We conducted a prospective, multicenter, open-label, randomized phase 3 study of ATG as 
part of a conditioning regimen. A total of 168 patients were enrolled at 27 centers. Patients 
were randomly assigned in a 1:1 ratio to receive ATG or not receive ATG, with stratification 
according to center and risk of disease.

RESULTS
After a median follow-up of 24 months, the cumulative incidence of chronic GVHD was 
32.2% (95% confidence interval [CI], 22.1 to 46.7) in the ATG group and 68.7% (95% CI, 
58.4 to 80.7) in the non-ATG group (P<0.001). The rate of 2-year relapse-free survival was 
similar in the ATG group and the non-ATG group (59.4% [95% CI, 47.8 to 69.2] and 64.6% 
[95% CI, 50.9 to 75.3], respectively; P = 0.21), as was the rate of overall survival (74.1% [95% 
CI, 62.7 to 82.5] and 77.9% [95% CI, 66.1 to 86.1], respectively; P = 0.46). There were no 
significant between-group differences in the rates of relapse, infectious complications, 
acute GVHD, or adverse events. The rate of a composite end point of chronic GVHD–free 
and relapse-free survival at 2 years was significantly higher in the ATG group than in the 
non-ATG group (36.6% vs. 16.8%, P = 0.005).

CONCLUSIONS
The inclusion of ATG resulted in a significantly lower rate of chronic GVHD after alloge-
neic transplantation than the rate without ATG. The survival rate was similar in the two 
groups, but the rate of a composite end point of chronic GVHD–free survival and relapse-
free survival was higher with ATG. (Funded by the Neovii Biotech and the European Soci-
ety for Blood and Marrow Transplantation; ClinicalTrials.gov number, NCT00678275.)
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BACKGROUND
Chronic graft-versus-host disease (GVHD) is the leading cause of later illness and death 
after allogeneic hematopoietic stem-cell transplantation. We hypothesized that the inclu-
sion of antihuman T-lymphocyte immune globulin (ATG) in a myeloablative conditioning 
regimen for patients with acute leukemia would result in a significant reduction in 
chronic GVHD 2 years after allogeneic peripheral-blood stem-cell transplantation from an 
HLA-identical sibling.

METHODS
We conducted a prospective, multicenter, open-label, randomized phase 3 study of ATG as 
part of a conditioning regimen. A total of 168 patients were enrolled at 27 centers. Patients 
were randomly assigned in a 1:1 ratio to receive ATG or not receive ATG, with stratification 
according to center and risk of disease.

RESULTS
After a median follow-up of 24 months, the cumulative incidence of chronic GVHD was 
32.2% (95% confidence interval [CI], 22.1 to 46.7) in the ATG group and 68.7% (95% CI, 
58.4 to 80.7) in the non-ATG group (P<0.001). The rate of 2-year relapse-free survival was 
similar in the ATG group and the non-ATG group (59.4% [95% CI, 47.8 to 69.2] and 64.6% 
[95% CI, 50.9 to 75.3], respectively; P = 0.21), as was the rate of overall survival (74.1% [95% 
CI, 62.7 to 82.5] and 77.9% [95% CI, 66.1 to 86.1], respectively; P = 0.46). There were no 
significant between-group differences in the rates of relapse, infectious complications, 
acute GVHD, or adverse events. The rate of a composite end point of chronic GVHD–free 
and relapse-free survival at 2 years was significantly higher in the ATG group than in the 
non-ATG group (36.6% vs. 16.8%, P = 0.005).

CONCLUSIONS
The inclusion of ATG resulted in a significantly lower rate of chronic GVHD after alloge-
neic transplantation than the rate without ATG. The survival rate was similar in the two 
groups, but the rate of a composite end point of chronic GVHD–free survival and relapse-
free survival was higher with ATG. (Funded by the Neovii Biotech and the European Soci-
ety for Blood and Marrow Transplantation; ClinicalTrials.gov number, NCT00678275.)
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ATG-F: 30mg/kg

Inhibition	of	GVHD	by	ATG

GRFS

MRD: no ATG
MUD: ATG-T: 2.5 mg/kg

MUD: ATG

MRD: non ATG

(Bryant A et al, Biol Blood Marrow Transplant, 2017)

Inhibition	of	GVHD	by	ATG

(Kuriyama K et al, Int J Hematol, 2016)

Extensive cGVHDGradeIII-IV aGVHD GRFS

ATG
non ATG

ATG
non ATG

ATG

non ATG

ATG-T: 1.5 mg/kg
(1.0 - 4.0mg/kg)

Inhibition	of	GVHD	by	ATG
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ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

(Ruzek MC, Transplantation, 2009)

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

(Ruzek MC, Transplantation, 2009)

Naive CD8+ T cells
Naive CD4+ T cells

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

(Bosch M, Cytotherapy, 2012)

ATG-T: 4.5 mg/kg

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

ATG-T: 4.5 mg/kg

(Bosch M, Cytotherapy, 2012)

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

ŶUóňHLA-matched PBSCTĹiÎĽřŃ12�ŸLow-dose ATGd�
¸ż5�įõd�¸ż7�ŹŋķĵŇį¬yW28j¢ŌT´¿ŠůţŦŨ
ŚįŮŴŷŠŜŨŰŨŲŷ�ŋŇÑtľŃİ

ŶT´¿ŠůţŦŨōį�ÓŌA¹Ō�ŋ"úľŃİ
ŶCD4 positive T cells: Naïve T cells: CD45RA+ Foxp3-

Memory/effector T cells: CD45RA- Foxp3-

Cytokine-secreting T cells: CD45RA- Foxp3dim

Regulatory T cells: Foxp3+

ŶCD8 positive cells: Naive T cells: CD45RA+ CD27+

Memory T cells: CD45RA- CD27+

Effector T cells: CD27-

ŶµÒ> ÑtōĎĚĖŸÉ�+«:>5�+�ţŵťŷŹŚ�ĵŃİ

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

41



0% 
20% 
40% 
60% 
80% 

100% 
120% 

ATG no	ATG
0% 

20% 
40% 
60% 
80% 

100% 
120% 
140% 

ATG no	ATG

Naive CD4+ T cells
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Memory CD8+ T cells
Effector CD8+ T cells

** *

*p < 0.05; **p < 0.01

CD8+ T cell fractions

8.9%
� 3.7%

29.5%
� 13.7%

CD4+ T cell fractions

12.2%
� 4.7%

28.6%
� 17.1%

Naïve fraction

Mann-Whitney U-test

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

CD4+ Naive T cells CD8+ Naive T cells

0
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(/µl)

ATG no ATG

**
0

20

40

60

80
(/µl)

ATG no ATG

**

**p < 0.01Mann-Whitney U-test

ĕěĭĪĞ ĘĄĜĞġġ ĝĞĥġĞĨĠĤģ īĠĨğ ċĘď

NJHSG-ATG studyįķŕŎ¬yWŌT´¿ŠůţŦŨŌ
ÑtŋŕŗįHLA-matched PBSCTŋķĵŇįFìATGŚ�
ĵŃGVHD	ñ�Śįŕŗ:ĺŊ%0ĺÈR×ýŉľŇâŒ
ŇĵĻ4¡ŉŊŘŧŷťĹXŖřŃİ

ėĩĢĢěĦĬ

ĒėČĘĄċĘďĆĈ

eŭŨÁÅ´¿��ŞŴůŲŵŚ�ĵŃĐēċå-ũŪŷĸŖŌ
.oxÍQ´¿¬yŌ9iÔ�.°đđ£×ý
ęĔđĕ×ýđčżęĔđĕąąąąĆĊĉćĈ

§®�ÏºżÚJIY §®Üºż�ā¼�

-4 -3 -2 -1 0 1 2 3 4 5

Thymoglobulin 2mg/kg
(day -2, -1: 1mg/kg)

Tac/CsA+sMTX
(day 1: 10mg/m2, day 3, 6, (11): 7mg/m2)

Conditioning 
therapy

PBSCT from HLA-8/8 matched related/unrelated donor

6 7 8 9 10 11

Ÿ Ź

ĒėČĘĄċĘďĆĈ ħĨĩĝĬ
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Japan Study Group for Cell Therapy and Transplantation (JSCT)

強度減弱前治療による移植後シクロホスファミドを用いた
血縁者間HLA半合致末梢血幹細胞移植の有効性と安全性の検討

JSCT-Haplo14 RIC
杉田純一1), 加賀谷裕介2), 柴崎康彦3), 太田秀一4),古川達雄5), 藤崎智明6), 
衛藤徹也7), 安藤寿彦8), 松尾恵太郎9), 赤司浩一10), 谷口修一11), 原田実根12),
豊嶋崇徳1)
1) 北海道大学大学院医学研究院 血液内科学教室
2) 名古屋第一赤十字病院 血液内科
3) 新潟大学医歯学総合病院 高密度無菌治療部
4) 札幌北楡病院 血液内科
5) 長岡赤十字病院 血液内科
6) 松山赤十字病院 内科
7) 浜の町病院 血液内科
8) 佐賀大学医学部附属病院 血液･腫瘍内科
9) 愛知県がんセンター研究所 遺伝子医療研究部
11)  虎の門病院 血液内科
12)  唐津東松浦医師会医療センター

Introduction
・Johns Hopkins のLuzunikらにより移植後シクロホスファミドを用いた
HLA半合致骨髄移植の報告がなされ、GVHD抑制効果に優れ、非再発死亡が
少ないことが報告されている。

・本邦では多施設共同第II相試験 (Haplo13試験)において、Johns Hopkins
の原法にBusulfan (6.4mg/kg) を追加、移植片を末梢血幹細胞への変更を行
い、欧米からの報告と同様にGVHD抑制効果に優れ、非再発死亡が少ないこ
とを報告した。

・今回我々は強度減弱前治療を用いた血縁者間HLA半合致末梢血幹細胞移植
の第II相試験 (Haplo14 RIC) を実施したのでその結果を報告する。

Luznik L, BBMT. 2008;14:641–650. 

Sugita J. BBMT. 2015;21:1646–1652. 

・ 多施設共同第Ⅱ相試験（JSCT研究会, UMIN試験ID: UMIN000014408）

・ 登録症例数：77例 (2014/08 ‒ 2016/02)

・ 観察期間中央値: 740.5日 (365-1247)

・ 主要評価項目
移植後1年時点での無イベント生存率（EFS）

・ 副次評価項目
移植後100日、移植後1年、移植後2年時点での
生着達成割合、急性GVHD、慢性GVHD、再発率、
全生存率、無病生存率など

Methods

day -6 -5 -4 -3 -2 -1 0 5 10 20 30 40 50 60 180

Flu (30 mg/m2/day) CY (50 mg/kg/day)

TBI (4 Gy)

PBSCT

G-CSF

MMF

Tacrolimus
iv BU (3.2 mg/kg/day)

移植前のCYを削除し、TBIを2Gyから4Gyに増量
Haplo13からの変更点

Conditioning regimen & GVHD prophylaxis
BU based regimen

Results

Patient characteristics
Age at transplant

Median (range), years
17-50
50-65

58(22-65)
26 (34%)
51 (66%)

Sex, no (%)

Male
Female

48 (62%)
29 (38%)

Diagnosis

AML
ALL
MDS/MPN
Lymphoma
Others

34 (44%)
14 (18%)
12 (16%)
14 (18%)
3 (  4%)

Disease status

CR1
CR2-
Not in remission

17 (22%)
15 (20%)
45 (58%)

refined DRI

low
intermediate
high

very high

3 ( 4%)
22 (29%)
25 (33%)

27 (35%)

HCT-CI, no (%)

0
1-2
≥3

43 (59%)
24 (31%)
10 (13%)

History of prior allo-SCT, no(%)

No
Yes

47 (61%)
30 (39%)
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Donor and graft characteristics
HLA match, no.(%)
(GVH direction)

4/8
5/8
6/8
7/8

(HVG direction)
4/8
5/8
6/8
7/8

33 (43%)
33 (43%)
10 (13%)

1 (1%)

38 (49%)
27 (35%)
11 (14%)
1 (1%)

Donor relationship, no (%)
Parent
Sibling
Child

6 (8%)
25 (33%)
46 (60%)

D/R gender mismatch, no. (%)
Match
Female to Male
Male to Female

48 (62%)
17 (22%)
12 (16%)

D/R CMV serostatus, no.(%)
D+R+
D-R-
D+R-
D-R-
NA

49 (71%)
15 (22%)

4 (6%)
1 (1%)
8 (12%)

CD34 (x106/kg) of PBSCs
median (range)
<4.0
≥4.0

4.2(1.4-11.1)
33 (43%)
44 (57%)

0 1 2 3 4 5 6 7
36

37

38

39

40

41
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)

Days after transplantation 

77例中72例(94%)で38ºC以上の非感染性発熱
Cytokine release syndrome (CRS)

PTCY

Engraftment
Neutrophil engraftment

median day 37
median day 18

94%

74%

Platelet engraftment

GVHD
acute GVHD chronic GVHD

II-IV  14%
III-IV   5%

all grade  27%
moderate to severe 20%

NRM�Relapse
NRM Relapse

20%

45%

Overall survival

1yr OS 52% (95%CI, 40-62%)

2yr OS 44% (95%CI, 33-55%)
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Event-free survival

2yr EFS 35% (95%CI, 25-46%)

Primary endpoint
1yr EFS 43% (95%CI 32%-54%) 

Cause of death 
Relapse 28 (65%)

Non-relapse mortality (NRM) 15 (35%)
Infection 6
Graft failure 3
Graft-versus-host disease (GVHD) 2
Sinusoidal obstruction syndrome (SOS) 1
Acute Respiratory Distress Syndrome (ARDS) 1
Interstitial pneumonia 1
Multiple organ failure (MOF) 1

Rates of off-immunosuppressants

56% at 1yr

86% at 2yr

In patients who survived at last follow-up without relapse (n=27) 

History of prior allo-SCT 
NRM Relapse

No (n=47) Yes (n=30)

No: 22%

Yes: 16%
P=0.67 P=0.01

No: 35%

Yes: 62%

History of prior allo-SCT 
OS EFS

No: 52%

Yes: 31%

P=0.04

No: 44%

Yes: 21%

P=0.02

No (n=47) Yes (n=30)

refined DRI 
NRM stratified by DRI Relapse stratified by DRI

high/very high: 21%

low/int: 17%
P=0.51

low/int: 25%

high/very high: 55%

P=0.02

low/int (n=25) high/very high (n=52)
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refined DRI 
OS stratified by DRI EFS stratified by DRI

low/int (n=25) high/very high (n=52)

low/int: 67%

high/very high: 33%

P<0.01

low/int: 59%

high/very high: 24%

P<0.01

1stSCT+ low/in (n=19)
62%

≥2ndCT+ low/in (n=6)
83%

1stSCT+ high/very high (n=28)
46%

2ndSCT+ high/very high (n=24)
15%

OS stratified by DRI and number of allo-SCT

Overall survival
HR (95%CI) P-value

Event-free suvival
HR (95%CI) P-value

Age at transplant
<50
≥50

1
1.76 (0.87-3.56) P=0.12

1
1.82 (0.95-3.49) P=0.07

refined DRI
low/Int
high/very high

1
2.82 (1.33-6.00) P<0.01

1
2.67 (1.35-5.36) P<0.01

History of prior allo-SCT
No
Yes

1
2.22 (1.13-4.38) P=0.02

1
2.27 (1.21-4.25) P=0.01

Multivaliate analysis 
a��,��+0`.MR;68EHLA�:!$;�492%
�X1�EFSb43%(95%CI: 32%-54%)UL\J@�QRF�UL]
25%`��SRK

aGVHD1/-JG	1)�-Y�<BIUL]Haplo13V�'WJ
�
WA�UP]5#ULSRV7N]K

a��D>"UYrefined DRIJ�32%(OJOSJEFSW�H`�
N]��ULSRK�<QT<_^RHaplo14 MACVX*C`�ZJ
��Y[\� �UX&?O�=UL]K

Conclusion

北海道大学病院 血液内科
札幌医科大学附属病院 第一内科
札幌医科大学附属病院 腫瘍･血液内科
北楡会 札幌北楡病院 血液内科
市立旭川病院 血液内科
秋田大学医学部附属病院 輸血部･血液内科
仙台医療センター 血液内科
宮城県立がんセンター 血液内科
東北大学病院 血液･免疫科
山形県立中央病院 血液内科
福島県立医科大学附属病院 血液内科
新潟大学医歯学総合病院 高密度無菌治療
部
長岡赤十字病院 血液内科
長野赤十字病院 血液内科
信州大学医学部附属病院 血液内科
群馬県済生会前橋病院 白血病治療セン
ター
獨協医科大学病院 血液･腫瘍内科
東京医科大学病院 血液内科
慶應義塾大学医学部 小児科
東京女子医科大学病院 血液内科
東京医療センター 血液内科
東京慈恵会医科大学病院 腫瘍･血液内科
NTT東日本関東病院 血液内科
虎の門病院 血液内科
がん･感染症C 都立駒込病院 血液内科
防衛医科大学校病院 血液内科
千葉大学医学部附属病院 血液内科
虎の門病院分院 血液内科
横浜市立大学附属市民総合医療C 血液内
科
神奈川県立がんセンター 血液科

東海大学医学部付属病院 血液腫瘍内科
亀田総合病院 血液･腫瘍内科
成田赤十字病院 血液腫瘍科
埼玉医科大学総合医療センター 血液内科
名古屋第一赤十字病院 血液内科
名古屋大学医学部附属病院 血液内科
名古屋市立大学病院 血液･膠原病内科
浜松医療センター 血液内科
愛知医科大学病院 血液内科
岐阜大学医学部附属病院 血液･感染症内科
岐阜市民病院 血液内科
江南厚生病院 血液･腫瘍内科
三重大学医学部附属病院 血液･腫瘍内科
伊勢赤十字病院 血液･感染症内科
田附興風会 医学研究所 北野病院 血液内
科
近畿大学医学部附属病院 血液･膠原病内科
高槻赤十字病院 血液腫瘍内科
和歌山県立医科大学附属病院 血液内科
天理よろづ相談所病院 血液内科
京都第二赤十字病院 血液内科
京都府立医科大学附属病院 血液内科
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島根大学医学部附属病院 腫瘍･血液内科

米子医療センター 血液腫瘍科
岡山大学病院 血液･腫瘍内科
川崎医科大学附属病院 血液内科
香川大学医学部附属病院 血液内科
徳島赤十字病院 血液科
徳島大学病院 血液内科
高知大学医学部附属病院 血液内科
松山赤十字病院 内科
愛媛県立中央病院 血液内科
愛媛大学病院 第一内科
原三信病院 血液内科
九州がんセンター 血液内科
九州大学病院 血液･腫瘍内科
浜の町病院 血液内科
九州医療センター 血液内科
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佐世保市立総合病院 血液内科
長崎医療センター 血液内科
長崎大学病院 血液内科
熊本医療センター 血液内科
熊本大学医学部附属病院 血液内科
大分県立病院 血液内科
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Ɂ (ˁ� Ŷ¾ÏfAƃĨɐƬe (óe 	Ì²eñŰd`ƖȾtsB�

Ɂ )ˁ� ËɱcqhdŶ¾fAŵǦɐÏȯȽʾÏeʱãķvǲœrA�
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Ɂ 	( Ǎ˒ʵø˓�

� � � ʵøfA³ɻeʛrbtsB�

�

Ɂ 	 ˁ� ǉÏøfŴƖ 
) ŵ 	� ǂ 
, ƳprƲɯtsB�

Ɂ 
ˁ� ǉÏe¾ǠfǉÏeȩȥdʔğtsÎǠAZeÉeĳÓbëã�

tspblamsB�

�

Ɂ 	) Ǎ˒Ʋɯ˓�

� � � peÏøfŴƖ 
) ŵ 	� ǂ 
, ƳkqƲɯtsB�

�

�

ʵɻ�

ÏøƧǨ�


�	 ŵ 		 ǂ � Ƴ�

Ɂ˚ǍƧǨ� a¾ĂŠƝƀ� ǋȖɈ¯EkqAa¾ĂŠƝƀfĉŠʰlŔĂvɯiE

dƧǨB�

�

�

�

�

�

�

�

�

�

�

�

�

� �

55



�	˔ƃĨ�

�

� �

ĠʂÏʰ� Çǌ� ʽř� ǊŲćǟȞʸ� ɮǺíȸ� ˆĪ�

Ëɱ¾ĂŠ� ʌŪ� ŨƇ� ćǹʢńŐȞʸ� ɮǺíȸ� ƩƢ�

ˆĪ� ɀÂ� ǨƼ� � � � � � �

ˆĪ� ǜť� ǨÞ� ƓɝȞʸ� ɮǺíȸ� Ġʂʸʰ�

ˆĪ� ɭǉ� Ǆ� ʱƖȞʸ� íȸ� ûʸʰ�

Ŷ¾� Ŧũ� ď� ǊŲđȔȞʸ� Ɂ¿íȸ� ¸Íʩʰ�

Ŷ¾� ȵĒ� ƫ� ǊŲđȔȞʸ� ķĺĉȡȸ� ¸Íʩʰ�

Ŷ¾� ˑȄ� æÜ� ćǹʢlw�¬�®� ɮǺíȸ� ɽȡʩʰ�

Ŷ¾� ɭǉ� ă»� ćǹʢlw�¬�®� ɮǺíȸ� ĉʰ�

Ŷ¾� ŝǒ� ¯� űŷđȔȞʸ� Ɂİíȸ� ¸Íʩʰ�

Ŷ¾� ŝǒ� Ȫǣ� ǊŲćǟȞʸ� ɮǺíȸ� Ɏơɽȡʩʰ�

Ŷ¾� ǖǆ� Żŏ� ŮȾƶūȞʸ� ɮǺíȸ� ɽȡʩʰ�

Ŷ¾� ȧ� ƾȔ� ƓɝȞʸ� ɮǺíȸ� ûʸʰ�

Ŷ¾� ŕĸŧ� ƞÅ� ʮʗĀȆȞʸ� íȸ� ûʸʰ�

Ŷ¾� ɴş� äě� �BB ǎƳǉǊŲȞʸ� ɮǺɡȠíȸ� ʩʰ�

Ŷ¾� ʰʋŤ� ɗÆ� ƯčȞʸ� ɮǺíȸ� ȸʰ�

Ŷ¾� Ľ� � ʌ� ŮȾòˈȞʸ� ɮǺíȸ� ȸʰĉʰ�

Ŷ¾� Ťǉ� ɜ� ŮȾǊŲȞʸ� ɮǺíȸ� ûĉʰ�

Ŷ¾� Ŗō� Ǩɲ� ćǹʢĉȡńŐ� íȸ� ûʸʰ�

Ŷ¾� Ȗ·� ǼĜ� ǎÄňōĉń� ɮǺíȸ� ƩƢ�

Ŷ¾� Ǥʫ� ɜ� ćǹʢńŐ� Ýá�¬�®� ƩƢ�

Ŷ¾Ȩ¾� ʙɭ� á� ćǹʢńŐȞʸ� ɮǺíȸ� ʇů�

Ŷ¾� ʤɭ� Ȯ¹� ćǹʢńŐȞʸ� ɮǺíȸ� ʇů�

Ŷ¾� ɭǉ� ă»� ćǹʢlw�¬�®� ɮǺíȸ� ĉʰ�

Ŷ¾� ʪǏ� Ʒș� ǊŲćǟȞʸ� ɮǺíȸ� ĉʰ�

¾ĂŠÏɹ� Ƅɭ� ȶǣ� ćǹʢńŐȞʸ� ɮǺíȸ� ÿƩ�

56



�
˔ēþƲɼ�

ƲɼËɱ� ʌŪ� ŨƇ� ćǹʢńŐȞʸ� ɮǺíȸ� ƩƢ�

ƲɼËɱ� ɭǉ� Ǆ� ʱƖȞʸ� íȸ� ûʸʰ�

ƲɼËɱ� Ŧũ� ď� ǊŲđȔȞʸ� ɮǺíȸ� ¸Íʩʰ�

ƲɼËɱ� ˑȄ� æÜ� ćǹʢlw�¬�®� ɮǺíȸ� ĉʰ�

ƲɼËɱ� ŝǒ� ¯� űŷđȔȞʸ� Ɂİíȸ� ¸Íʩʰ�

ƲɼËɱ� ŝǒ� Ȫǣ� ǊŲćǟȞʸ� ɮǺíȸ� Ɏơɽȡʩʰ�

ƲɼËɱ� ǖǆ� Żŏ� ŮȾƶūȞʸ� ɮǺíȸ� ɽȡʩʰ�

ƲɼËɱ� ȧ� ƾȔ� ƓɝȞʸ� ɮǺíȸ� ûʸʰ�

ƲɼËɱ� ŕĸŧ� ƞÅ�ʮʗĀȆȞʸ� íȸ� ûʸʰ�

ƲɼËɱ� ɴş� äě� �BB ǎƳǉǊŲȞʸ� ɮǺɡȠíȸ� ʩʰ�

ƲɼËɱ� ʰʋŤ� ɗÆ�ƯčȞʸ� ɮǺíȸ� ȸʰ�

ƲɼËɱ� Ľ� � ʌ� ŮȾòˈȞʸ� ɮǺíȸ� ȸʰĉʰ�

ƲɼËɱ� Ťǉ� ɜ� ŮȾǊŲȞʸ� ɮǺíȸ� ʩʰ�

ƲɼËɱ� ǱŪ� ʐď� ćɶʕĊŎȞʸ� Ɂ¯íȸɐĝɽȡȸ�ʩʰ�

ƲɼËɱ� ūǌ� ɾŜ� òˈ·ŅȞʸ� íȸ� ɤŸˆĪ�

ƲɼËɱ� Ŗō� Ǩɲ�
ćǹʢĉȡńŐǪȸíȸ

�¨����
íȸ� ûʸʰ�

ƲɼËɱ� Ñʒ� ƽ¹� ąĉČ·ŅȞʸ� ɮǺíȸ� ĉʰ�
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