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Abstract
Hematopoietic stem cell transplantation (HSCT) from a related donor with an human leukocyte antigen (HLA) 1-antigen
mismatch without in vivo T cell depletion is associated with an elevated risk of severe, acute, and chronic graft-versus-host
(GVH) disease (GVHD) and poor survival. Therefore, we conducted a multicenter phase II trial of HSCT using low-dose anti-
thymocyte globulin (ATG, thymoglobulin). We recruited patients aged 16–65 years with leukemia, myelodysplastic syndrome,
or lymphoma who planned to receive HSCT from a related donor with HLA 1-antigen mismatch in the GVH direction at the
HLA-A, -B, or -DR locus. Pretransplantation ATG was administered with standard GVHD prophylaxis consisting of tacrolimus
and methotrexate. Thirty-eight patients were eligible for the analysis. The 1-year GVHD-free relapse-free survival (GRFS) was
47%. The 3-year overall survival (OS) was 57%. Age of less than 50 years was associated with better OS. OS in patients with
high/very high refined disease risk indexes (rDRIs) was comparable to that in those with low/intermediate rDRIs. The 100-day
cumulative incidences of grades II–IV and III–IV acute GVHD were 45% and 18%, respectively. HSCT from a related donor
with two allele mismatches showed higher incidences of grades II–IV and III–IV acute GVHD. Three-year cumulative inci-
dences of moderate to severe or severe chronic GVHD were 13% and 3%, respectively. HSCT from a related donor with one
locus mismatch at the antigen level using low-dose ATG showed lower incidences of acute and chronic GVHD, which led to
acceptable GRFS, OS, relapse, and nonrelapse mortality.
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Introduction

An human leukocyte antigen (HLA)–identical sibling is the

first choice for donor selection in allogeneic hematopoietic

stem cell transplantation (HSCT). For those who do not have

an HLA-identical sibling, an HLA-matched unrelated donor

(MUD) is an alternative option. However, it is difficult to

find an MUD for patients with rare HLA haplotypes. An

HLA 1-antigen-related donor has been considered to be one

of the best alternative donors1–4. Valcarcel et al. reported

that transplant outcomes after an HLA 1-antigen mis-

matched related transplantation were comparable to those

after an HLA-MUD transplantation and concluded that HLA

1-antigen mismatched related donors should be the first

choice in patients with acute leukemia without an HLA-

identical sibling in need of allogeneic HSCT1. On the other

hand, we previously reported that outcomes after transplan-

tations from a related donor with 1-antigen mismatch at

HLA-A, -B, and -DR antigens in the GVH direction are

worse than those after HLA-A, -B, -C, and -DRB1-allele

matched unrelated transplantations3. However, the use of

low-dose anti-thymocyte globulin (ATG) was associated

with better outcomes by reducing grade III–IV acute graft-

versus-host disease (GVHD), extensive chronic GVHD, and

nonrelapse mortality (NRM)4.

Although post-transplant cyclophosphamide (PTCY)

after an HLA haploidentical transplantation showed promis-

ing clinical outcomes by reducing GVHD and NRM, despite

HLA multiple mismatches5–16, it has not been determined

whether ATG or PTCY is superior for HLA 1-locus mis-

matched related transplantations.

In the present study, we report the result of a multicenter

phase II trial of transplantation from a related donor with an

HLA 1-antigen mismatch at the HLA-A, HLA-B, or

HLA-DR locus in the GVH direction using low-dose ATG

as GVHD prophylaxis.

Methods

Study Design

The study was organized by the Japan Society for Hemato-

poietic Cell Transplantation and approved by the institu-

tional review board of Jichi Medical University Saitama

Medical Center (Clinical Trial Registry: UMIN000011192).

Written informed consent was obtained from all patients in

accordance with the Declaration of Helsinki.

Major inclusion criteria were as follows: (1) patients who

are 16–65 years old; (2) patients who have a related donor

with an HLA 1-antigen mismatch in the GVH direction; (3)

patients with acute myelogenous leukemia (AML), acute

lymphoblastic leukemia (ALL), adult T-cell leukemia (ATL),

chronic myelogenous leukemia (CML), myelodysplastic

syndrome (MDS), non-Hodgkin lymphoma (NHL), or Hodg-

kin lymphoma (HL); (4) patients with Eastern Cooperative

Oncology Group (ECOG) performance status of 0, 1, or 2;

and (5) patients whose major organ functions (heart, lung,

liver, and kidney) are preserved (ejection fraction �40%,

SaO2�94% or SpO2�94% on room air, pulmonary function

test: %vital capacity (%VC)�70%, forced expiratory volume

in one second% (FEV1.0%) �70%, serum total bilirubin

�2.0 mg/dl, and serum aspartate aminotransferase �5 times

the upper normal limit, creatinine clearance �30 ml/min).

Patients with positive donor-specific HLA antibodies were

excluded.

GVHD Prophylaxis and Conditioning Regimens

Prophylaxis against GVHD was performed with tacrolimus,

methotrexate, and thymoglobulin. Tacrolimus was started on

day �1 at a dose of 0.03 mg/kg per day by continuous infu-

sion, and the dose was adjusted to maintain a blood concen-

tration between 12 and 15 ng/ml. Methotrexate was

administered at 10 mg/m2 on day 1 and 7 mg/m2 on days

3 and 6. For patients with a noninfectious fever on day 11 or

before, methotrexate was able to be administered at 7 mg/m2

on day 11. Thymoglobulin was administered at 1.25 mg/kg

per day on days �4 and �3.

The reduced-intensity regimen was selected when the

patient’s age was 55 years or more, as the myeloablative

regimen would not be tolerable due to patient comorbidity.

The following conditioning regimens were allowed: myeloa-

blative regimen, total body irradiation (TBI) 12 Gy þ cyclo-

phosphamide 120 mg/kg + cytarabine 2–12 g/m2, or

busulfan 12.8 mg/kg þ cyclophosphamide 120 mg/kg,

reduced-intensity regimen with fludarabine 120–180 mg/m2

þ busulfan 6.4–12.8 mg/kg + TBI 2–4 Gy, and fludarabine

180 mg/m2 þ melphalan 80–140 mg/m2 + TBI 2–4 Gy.

Endpoints and Definitions

The primary endpoint was 1-year survival without relapse,

grade III–IV acute GVHD, or severe chronic GVHD based

on NIH criteria (GVHD-free relapse-free survival, GRFS).

Other assessed endpoints were overall survival (OS),

progression-free survival (PFS), relapse, NRM, neutrophil

and platelet engraftment, and acute and chronic GVHD.

Neutrophil recovery was defined as an absolute neutrophil

count exceeding 500/ml for three consecutive days after

transplantation. Platelet recovery was defined as an absolute

platelet count exceeding 20,000/ml without a platelet trans-

fusion. Acute GVHD was graded using standard criteria17,

and chronic GVHD was graded using the NIH GVHD cri-

teria18. The refined disease risk index (rDRI) was used for

the disease risk19. Plasma EBV DNA load was monitored
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weekly from day 30 until day 100 using real-time polymer-

ase chain reaction methods.

Statistical Analysis

To reject any treatment with a success rate less than 20% with

a 5% alpha error and to accept any treatment with a success

rate higher than 40% with a 20% beta error, 35 patients were

required, but based on the assumption of a 10% loss of

patients, we planned a total of 39 patients to be enrolled in

this study. The probabilities of GRFS, OS, and PFS were

estimated according to the Kaplan–Meier method and the

groups were compared using the log-rank test. The probabil-

ities of neutrophil and platelet engraftment, acute and chronic

GVHD, and relapse and NRM were estimated on the basis of

cumulative incidence curves20. Competing events were

deaths without an event. The groups were compared using

Gray’s test21. The Cox proportional hazards model was used

to evaluate the effect of the variable of interest on GRFS, OS,

and PFS, while the competing regression model was used to

evaluate its effect on other endpoints22. All statistical analy-

ses were performed with Stata version 14 software (Stata

Corp., College Station, TX, USA) and EZR (Jichi Medical

University Saitama Medical Center, Saitama, Japan)23.

Results

Patient Characteristics

Thirty-nine patients were registered. One patient was ineli-

gible because their serum aspartate aminotransferase level

was more than five times the upper normal limit after regis-

tration; therefore, 38 patients were eligible for the analysis.

Table 1 shows the patient and transplant characteristics. The

median age of the patients included in the study was 51 years

(range: 16–64 years). Diagnoses were AML in 14 patients,

ALL in 6, MDS in 4, CML in one, NHL in 8, ATL in 4, and

HL in 1. In the eight NHL patients, subtypes were peripheral

T-cell lymphoma, not otherwise specified in three, NK/T cell

lymphoma in three, diffuse large B-cell lymphoma in one,

and double-hit lymphoma in one. Eighteen patients received

a transplant in CR1 or CP1, 3 in CR2 or more, and 13 in non-

CR. One-fourth of the patients had high/very high rDRIs. A

total of 26 patients received a myeloablative regimen, and 12

received a reduced-conditioning regimen. Only one patient

received additional MTX at day 11 for noninfectious fever.

One-third of the patients had two allele mismatches in the

GVH direction at the HLA-A, -B, and -DRB1 loci. Most

patients (87%) received peripheral blood stem cells. The

median follow-up period of the survivors was 2.9 years

(range: 1.0–4.4 years).

GVHD-free Relapse-free Survival

The 1-year GRFS was 47% [90% confidence interval (CI),

33%–62%] (Fig. 1A). Since the lower limit of the 90% CI

exceeded the predefined threshold of 20%, this protocol was

considered to be a success. There was no significant factor

that was associated with GRFS in the univariate analysis.

However, the 1-year GRFS for patients aged less than 50

years was higher than that for those aged 50 years or more

(65% vs 33%, P ¼ 0.118) (Fig. 1B). The 1-year GRFS for

patients with low/intermediate rDRI and high/very high

rDRI or that for those with one allele mismatch and two

allele mismatches were comparable (rDRI low/intermediate

50% vs high/very high 40%, P ¼ 0.980, one allele mismatch

52% vs two allele mismatches 38%, P¼ 0.536) (Fig. 1C, D).

Neutrophil and Platelet Engraftment

The cumulative incidence of neutrophil engraftment at day

42 was 97% (95% CI, 64%–100%) (Fig. 2A). The cumula-

tive incidence of platelet engraftment at day 100 was 82%
(95% CI, 64%–91%) (Fig. 2B). There was no primary or

secondary graft failure.

Acute and Chronic GVHD

The cumulative incidences of grades II–IV and III–IV acute

GVHD at day 100 were 45% (95% CI, 28%–60%) and 18%
(95% CI, 8%–32%), respectively (Fig. 3A, B).

Lymphocyte counts just before ATG administration were

categorized into two groups (high lymphocyte and low lym-

phocyte) according to the median value of 311/ml. There was

no significant difference in grade II–IV or III–IV between

these two groups, although the incidence of grade III–IV

acute GVHD was higher in the high lymphocyte group

(Fig. 3C, D). The incidence of grade II–IV acute GVHD in

the group with two allele mismatches at HLA-A, -B, and -

DRB1 was higher than that in the group with one allele

mismatch, although there was no statistical difference

(Fig. 3E, F). Even if HLA-C is considered in HLA matching,

there was no statistical difference (Fig. 3G, H). Grade III–IV

acute GVHD was observed in 8 of 33 patients receiving

peripheral blood stem cell transplantation, but none in

8 patients receiving bone marrow transplantation. Acute

GVHD was treated with a median dose of 1 mg/kg of

methylprednisolone or prednisolone for 15 patients and an

overall treatment response was obtained in 12 patients.

The cumulative incidence of any grade, moderate to

severe, and severe chronic GVHD at 3 years was 29%
(95% CI, 15%–44%), 13% (95% CI, 5%–26%), and 3%
(95% CI, 2%–12%), respectively (Fig. 4). There was no

significant factor associated with chronic GVHD in the uni-

variate analysis.

For patients who survived without relapse, the rate of

discontinuation of immunosuppressants at 1 year was 75%
(95% CI, 54%–86%) (Fig. 5).

Overall and Progression-free Survival

The 3-year OS was 57% (95% CI, 39%–71%) (Fig. 6A). Age

less than 50 years was associated with better OS (80% vs
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Table 1.

Variable n ¼ 38

Recipient age, median (range) 51 (16–64)
Recipient sex Female 15 39.5%

Male 23 60.5%
Disease ALL 6 15.8%

AML 14 36.8%
ATL 4 10.5%
CML 1 2.6%
HL 1 2.6%
MDS 4 10.5%
NHL 8 21.1%

Disease risk CR1/CP1 18 47.4%
CR2- 3 7.9%
Non-CR 13 34.2%
Other status 4 10.5%

Refined disease risk index Low/intermediate 28 73.7%
High/very high 10 26.3%

Days from diagnosis to transplant, median (range) 188 (108–7,007)
History of prior autologous transplantation Yes 2 5.3%

No 36 94.7%
HCT-CI 0 25 65.8%

1 7 18.4%
2 2 5.3%
3 4 10.5%

Conditioning regimen Myeloablative 26 68.4%
Reduced intensity 12 31.6%

GVHD prophylaxis Tac þ MTX d1, 3, 6 37 97.4%
Tac þ MTX d1, 3, 6, 11 1 2.6%

Use of G-CSF Yes 33 86.8%
No 5 13.2%

Sex match between recipient and donor Match 15 39.5%
Male to female 10 26.3%
Female to male 13 34.2%

Relationship of donor Brother 8 21.1%
Sister 10 26.3%
Father 2 5.3%
Mother 3 7.9%
Son 10 26.3%
Daughter 5 13.2%

CMV antibody Either positive 37 97.4%
Both negative 1 2.6%

Source Bone marrow 5 13.2%
Peripheral blood 33 86.8%

Antigen mismatch in GVH at HLA-A, -B, -DR 1 38 100.0%
Antigen mismatch in HVG at HLA-A, -B, -DR 0 1 2.6%

1 27 71.1%
2 9 23.7%
3 1 2.6%

Allele mismatch in GVH at HLA-A, -B, -DRB1 1 25 65.8%
2 13 34.2%

Allele mismatch in HVG at HLA-A, -B, -DRB1 0 1 2.6%
1 19 50.0%
2 14 36.8%
3 4 10.5%

Antigen mismatch in GVH at HLA-A, -B, -C, -DR 1 23 60.5%
2 11 28.9%
Missing 4 10.5%

(continued)
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38%, P ¼ 0.004) (Fig. 6B). OS in patients with high/very

high rDRIs was comparable to OS in those with low/inter-

mediate rDRIs (70% vs 53%, P ¼ 0.318) (Fig. 6C). The

3-year PFS was 57% (95% CI, 39%–71%) (Fig. 6D). Age

less than 50 years was associated with better OS (80% vs

38%, P ¼ 0.004) (Fig. 6E). PFS in patients with high/very

high rDRIs was comparable to PFS in those with low/inter-

mediate rDRIs (70% vs 53%, P ¼ 0.318) (Fig. 6F).

Relapse and NRM

The cumulative incidence of relapse and NRM at 3 years was

28% (95% CI, 14%–43%) and 24% (95% CI, 12%–38%),

respectively (Fig. 7). There were no significant variables

associated with the incidence of relapse, including rDRIs

(low/intermediate rDRI 26% vs high/very high rDRI 30%,

P ¼ 0.706). For NRM, age was the only significant variable

in the univariate analysis. The cumulative incidence of NRM

at 3 years in patients aged 50 years or older was significantly

higher than that in those less than 50 years old (43% vs 0%,

P ¼ 0.002). Causes of patient death in the NRM group

(n ¼ 9) were GVHD in one, infection in one, organ failure

in two, thrombotic microangiopathy in two, acute respiratory

distress syndrome in two, and interstitial pneumonia in one.

Transplant Complications

CMV disease developed in four (colitis: three and gastritis:

one). Median onset of CMV disease after transplantation was

36 (range: 27–54). Two of them developed after the treatment

of acute GVHD. All of them recovered after ganciclovir or

foscarnet treatment. Two patients had HHV-6 encephalitis at

days 20 and 27 after transplantation, and both of them

recovered after foscarnet treatment. EBV reactivation of

>1,000 copies/ml in peripheral blood occurred in four patients

[median onset; 37 (range: 30–44)]. None received preemptive

therapy of rituximab for post-transplant lymphoproliferative

disorder (PTLD) or developed PTLD. The EBV level

increased along with NHL disease progression in one patient.

Seven patients had hemorrhagic cystitis (BK virus: four, BK

virus þ JC virus: one, adenovirus: one, and unknown: one).

Median onset of hemorrhagic cystitis after transplantation

was 50 (range: 14–221). HSV infection was observed in one

patient at day 221 after transplantation. Two patients devel-

oped hepatic veno-occlusive disease and six developed

thrombotic microangiopathy.

Discussion

In this phase II trial, we showed that transplantation from a

related donor with one locus mismatch at the antigen level

using low-dose ATG showed relatively low incidences of

acute and chronic GVHD. These effects led to acceptable

GRFS, OS, relapse, and NRM. However, a high incidence of

grade II–IV acute GVHD in the two allele mismatched group

suggested that a higher ATG dose may be required.

Several studies have shown that the administration of

ATG decreased the incidence of chronic GVHD and

improved quality of life and GRFS4,24–30. In a phase III trial

of ATG (total of 4.5 mg/kg thymoglobulin) versus no ATG

for unrelated transplantation, more patients successfully dis-

continued immunosuppressants, and GRFS was significantly

better in the ATG group than in the non-ATG group24. On

the contrary, in another phase III trial of ATG (total of 20

mg/kg of Grafalon) versus no ATG for unrelated transplan-

tation, there was no significant difference in GRFS between

Table 1. (continued)

Variable n ¼ 38

Antigen mismatch in HVG at HLA-A, -B, -C, -DR 0 1 2.6%
1 14 36.8%
2 14 36.8%
3 4 10.5%
4 1 2.6%
Missing 4 10.5%

Allele mismatch in GVH at HLA-A, -B, -C, -DRB1 1 16 42.1%
2 12 31.6%
3 6 15.8%
Missing 4 10.5%

Allele mismatch in HVG at HLA-A, -B, -C, -DRB1 0 1 2.6%
1 10 26.3%
2 12 31.6%
3 10 26.3%
4 1 2.6%
Missing 4 10.5%

Follow-up of survivors (years), median (range) 2.9 (1.0–4.4)

ALL: acute lymphoblastic leukemia; AML: acute myelogenous leukemia; ATL: adult T-cell leukemia; CML: chronic myelogenous leukemia; CMV: cytomega-
lovirus; CP: chronic phase; CR: complete remission; G-CSF: granulocyte-colony stimulating factor; GVH: graft-versus-host; GVHD: graft-versus-host disease;
HCT-CI: hematopoietic cell transplantation-specific comorbidity index; HL: Hodgkin lymphoma; HVG: host-versus-graft; MDS: myelodysplastic syndrome;
MTX: methotrexate; NHL: non-Hodgkin lymphoma; Tac: tacrolimus.
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the two groups, and OS in the ATG group was lower than

that in the non-ATG group, although the incidences of grade

II–IV acute GVHD and moderate to severe chronic GVHD

were lower in the ATG group25. This discrepancy between

the two phase III trials may be partly due to the difference in

the ATG itself or in the dose of ATG. High doses of ATG

may not only reduce chronic GVHD but also increase the

risk of infection and NRM. In retrospective studies, low-dose
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ATG has been shown to decrease the risk of GVHD and

improve GRFS4,28,30. In our prospective study, we observed

a low incidence of chronic GVHD and acceptable GRFS,

OS, relapse, and NRM.

However, the incidences of grades II–IV and III–IV acute

GVHD at 100 days were 45% and 18%, respectively, which

were higher than those observed in our previous retrospective

study4. The incidence of grade III–IV acute GVHD was

about 10% for patients receiving transplantation from one

locus mismatched donors with T-cell depletion in that study.

A possible reason for this discrepancy is the frequent use of

peripheral blood stem cells (PBSC) in this cohort (87%) in

this prospective study, as compared with our previous retro-

spective study (52%), since the use of PBSC could be the risk

of acute GVHD. Second is the HLA counting methods. Since

the cohort recruited transplantation from related donors with

one antigen mismatch at the HLA-A, -B, or -DR locus, the

group included two allele mismatches. The higher incidence

of acute GVHD may be due in part to the two allele mis-

matches in this group. The incidence of acute GVHD was

higher in the two allele mismatched group than in the one

allele mismatched group, although this difference was not

statistically significant. A thymoglobulin dose of 2.5 mg/kg

may not be sufficient for multiple allele mismatches among

the one antigen mismatched group. Whether the HLA-C

locus should also be considered is another issue to be inves-

tigated in the future.

Recently Admiraal et al. reported that the lymphocyte

count just prior to ATG administration was associated with

the risk of GVHD, and this was confirmed in another
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study25,31. In the present study, we divided the cohort into

two groups according to the median value of the lymphocyte

count. Although this difference was not statistically signifi-

cant, the incidence of grade III–IV acute GVHD was higher

in the high lymphocyte group. The dose of ATG may need to

be adjusted according to the number of allele mismatches

and the number of lymphocytes prior to ATG administration.

These should be tested in a future prospective study.

In haploidentical transplantation, PTCY after HLA hap-

loidentical transplantation showed promising clinical

outcomes by reducing GVHD and NRM, regardless of the

number of HLA multiple mismatches5–16. PTCY is superior

to ATG in terms of leukemia-free survival and GRFS, lower

GVHD, and lower NRM, regardless of the sources and con-

ditioning intensity32. However, in the case of transplantation

from a related donor with an HLA 1-antigen mismatch, there

is no clear solution. The impact of ATG on relapse is an

important issue. The relapse incidence was comparable

between the low/intermediate and high/very high rDRI

groups. Further, we previously showed that the use of ATG
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was not associated with the risk of relapse in transplantation

from a related donor with an HLA 1-antigen mismatch.

These findings suggested the presence of GVL effects, even

in patients with a high risk of relapse in transplantation from

a related donor with an HLA 1-antigen mismatch using low-

dose ATG. On the other hand, the high incidence of grade

III–IV acute GVHD, particularly in the two allele mismatch

group, suggests the need for an increase in the dose of ATG

or the use of PTCY instead of ATG. Although a related

donor with an HLA 1-antigen mismatch can be found in

30% of Japanese families, such transplantation is relatively

rare and it is difficult to perform a randomized study com-

paring PTCY and ATG.

In conclusion, HSCT from a related donor with one locus

mismatch at the antigen level using low-dose ATG showed

lower incidences of acute and chronic GVHD compared to

the use of previous strategies without in vivo T cell deple-

tion. These effects led to acceptable GRFS, OS, relapse, and

NRM. However, higher incidences of grade II–IV acute

GVHD were observed with two allele mismatches. A higher

ATG dose may be required for HSCT from a related donor

with two or more allele mismatches. Considering the rarity

of this kind of transplantation, a matched pair analysis of

ATG versus non-ATG in HSCT from a related donor with

one locus mismatch at the antigen level may warrant

consideration.

Acknowledgments

We thank the members of the Japanese Data Center for Hemato-

poietic Cell Transplantation (JDCHCT) and the HLA Working

Group of the Japan Society for Hematopoietic Cell Transplantation

(JSHCT) for their assistance. In particular, we thank Ms. Noriko

Mizutani (JDCHCT) and Dr Yachiyo Kuwatsuka (Nagoya Univer-

sity Hospital, Nagoya) for data management and monitoring

support.

Authors Contribution

JK and YK designed the protocol, organized the project, and wrote

the manuscript; JK performed the statistical analysis and analyzed

the data; TA, SIK, SIF, KI, SF, and TT recruited patients; YA

contributed to the data collection; and all of the authors interpreted

the data and reviewed and approved the final manuscript.

Ethical Approval

The study was approved by the institutional review board of Jichi

Medical University Saitama Medical Center (Clinical Trial Regis-

try: UMIN000011192).

Statement of Human and animal Rights

All procedures in this study were conducted in accordance with the

Jichi Medical University Saitama Medical Center approved proto-

cols (Clinical Trial Registry: UMIN000011192).

Statement of Informed Consent

Written informed consent was obtained from all patients in accor-

dance with the Declaration of Helsinki.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article: This

work was supported in part by the Takeda Science Foundation (to

JK), and JSPS KAKENHI Grant Number 18K08325 (JK), and a

Research Grant for Allergic Diseases and Immunology (H23-009)

from the Japanese Ministry of Health, Labor, and Welfare (YK).

ORCID iD

Junya Kanda, MD, PhD https://orcid.org/0000-0002-6704-3633

References

1. Valcarcel D, Sierra J, Wang T, Kan F, Gupta V, Hale GA,

Marks DI, McCarthy PL, Oudshoorn M, Petersdorf EW,

Ringden O, et al. One-antigen mismatched related versus

HLA-matched unrelated donor hematopoietic stem cell trans-

plantation in adults with acute leukemia: center for interna-

tional blood and marrow transplant research results in the era

of molecular HLA typing. Biol Blood Marrow Transplant.

2010;17(5):640–648.

2. Kanda Y, Chiba S, Hirai H, Sakamaki H, Iseki T, Kodera Y,

Karasuno T, Okamoto S, Hirabayashi N, Iwato K, Maruta A,

et al. Allogeneic hematopoietic stem cell transplantation from

family members other than HLA-identical siblings over the last

decade (1991-2000). Blood. 2003;102(4):1541–1547.

3. Kanda J, Saji H, Fukuda T, Kobayashi T, Miyamura K, Eto T,

Kurokawa M, Kanamori H, Mori T, Hidaka M, Iwato K, et al.

Related transplantation with HLA-1 Ag mismatch in the GVH

direction and HLA-8/8 allele-matched unrelated transplanta-

tion: a nationwide retrospective study. Blood. 2012;119(10):

2409–2416.

4. Kanda J, Ichinohe T, Kato S, Uchida N, Terakura S, Fukuda T,

Hidaka M, Ueda Y, Kondo T, Taniguchi S, Takahashi S, et al.

Unrelated cord blood transplantation vs related transplantation

with HLA 1-antigen mismatch in the graft-versus-host direc-

tion. Leukemia. 2013;27(2):286–294.

5. Bashey A, Zhang X, Sizemore CA, Manion K, Brown S, Hol-

land HK, Morris LE, Solomon SR. T-cell-replete HLA-

haploidentical hematopoietic transplantation for hematologic

malignancies using post-transplantation cyclophosphamide

results in outcomes equivalent to those of contemporaneous

HLA-matched related and unrelated donor transplantation. J

Clin Oncol. 2013;31(10):1310–1316.

6. Ciurea SO, Zhang MJ, Bacigalupo AA, Bashey A, Appelbaum

FR, Aljitawi OS, Armand P, Antin JH, Chen J, Devine SM,

Fowler DH, et al. Haploidentical transplant with posttransplant

cyclophosphamide vs matched unrelated donor transplant for

acute myeloid leukemia. Blood. 2015;126(8):1033–1040.

7. Ruggeri A, Labopin M, Sanz G, Piemontese S, Arcese W,

Bacigalupo A, Blaise D, Bosi A, Huang H, Karakasis D, Koc

Y, et al. Comparison of outcomes after unrelated cord blood

10 Cell Transplantation

https://orcid.org/0000-0002-6704-3633
https://orcid.org/0000-0002-6704-3633
https://orcid.org/0000-0002-6704-3633


and unmanipulated haploidentical stem cell transplantation in

adults with acute leukemia. Leukemia. 2015;29(9):1891–1900.

8. Giannotti F, Labopin M, Shouval R, Sanz J, Arcese W, Ange-

lucci E, Sierra J, Santasusana JR, Santarone S, Benedetto B,

Rambaldi A, et al. Haploidentical transplantation is associated

with better overall survival when compared to single cord

blood transplantation: an EBMT-Eurocord study of acute leu-

kemia patients conditioned with thiotepa, busulfan, and fludar-

abine. J Hematol Oncol. 2018;11(1):110.

9. Di Stasi A, Milton DR, Poon LM, Hamdi A, Rondon G, Chen J,

Pingali SR, Konopleva M, Kongtim P, Alousi A, Qazilbash

MH, et al. Similar transplantation outcomes for acute myeloid

leukemia and myelodysplastic syndrome patients with haploi-

dentical versus 10/10 human leukocyte antigen-matched unre-

lated and related donors. Biol Blood Marrow Transplant. 2014;

20(12):1975–1981.

10. Devine SM. Haploidentical hematopoietic cell transplantation

using post-transplantation cyclophosphamide: does graft

source matter? J Clin Oncol. 2017;35(26):2984–2986.

11. Salvatore D, Labopin M, Ruggeri A, Battipaglia G, Ghavam-

zadeh A, Ciceri F, Blaise D, Arcese W, Socie G, Bourhis JH,

Van Lint MT, et al. Outcomes of hematopoietic stem cell

transplantation from unmanipulated haploidentical versus

matched sibling donor in patients with acute myeloid leukemia

in first complete remission with intermediate or high-risk cyto-

genetics: a study from the acute leukemia working party of the

european society for blood and marrow transplantation. Hae-

matologica. 2018;103(8):1317–1328.

12. Slade M, Fakhri B, Savani BN, Romee R. Halfway there: the

past, present and future of haploidentical transplantation. Bone

Marrow Transplant. 2017;52(1):1–6.

13. Kasamon YL, Luznik L, Leffell MS, Kowalski J, Tsai HL,

Bolanos-Meade J, Morris LE, Crilley PA, O’Donnell PV, Ros-

siter N, Huff CA, et al. Nonmyeloablative HLA-haploidentical

bone marrow transplantation with high-dose posttransplanta-

tion cyclophosphamide: effect of HLA disparity on outcome.

Biol Blood Marrow Transplant. 2010;16(4):482–489.

14. Huo MR, Xu LP, Li D, Liu DH, Liu KY, Chen H, Han W, Chen

YH, Wang Y, Wang JZ, Zhang XH, et al. The effect of HLA

disparity on clinical outcome after HLA-haploidentical blood

and marrow transplantation. Clin Transplant. 2012;26(2):

284–291.

15. Wang Y, Chang YJ, Xu LP, Liu KY, Liu DH, Zhang XH, Chen

H, Han W, Chen YH, Wang FR, Wang JZ, et al. Who is the best

donor for a related HLA haplotype-mismatched transplant?

Blood. 2014;124(6):843–850.

16. Lorentino F, Labopin M, Fleischhauer K, Ciceri F, Mueller

CR, Ruggeri A, Shimoni A, Bornhauser M, Bacigalupo A,

Gulbas Z, Koc Y, et al. The impact of HLA matching on out-

comes of unmanipulated haploidentical HSCT is modulated by

GVHD prophylaxis. Blood Adv. 2017;1(11):669–680.

17. Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty

P, Hows J, Thomas ED. 1994 Consensus Conference on Acute

GVHD Grading. Bone Marrow Transplant. 1995;15(6):

825–828.

18. Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR,

Lee SJ, Martin P, Chien J, Przepiorka D, Couriel D, Cowen

EW, et al. National institutes of health consensus development

project on criteria for clinical trials in chronic graft-versus-host

disease: i. diagnosis and staging working group report. Biol

Blood Marrow Transplant. 2005;11(12):945–956.

19. Armand P, Kim HT, Logan BR, Wang Z, Alyea EP, Kalaycio

ME, Maziarz RT, Antin JH, Soiffer RJ, Weisdorf DJ, Rizzo JD,

et al. Validation and refinement of the disease risk index for

allogeneic stem cell transplantation. Blood. 2014;123(23):

3664–3671.

20. Gooley TA, Leisenring W, Crowley J, Storer BE. Estimation of

failure probabilities in the presence of competing risks: new

representations of old estimators. Stat Med. 1999;18(6):

695–706.

21. Gray RJ. A class of k-sample tests for comparing the cumula-

tive incidence of a competing risk. Ann Stat. 1988;16(3):

1141–1154.

22. Fine JP, Gray RJ. A proportional hazards model for subdistri-

bution of a competing risk. J Am Stat Assoc. 1999;94(446):

456–509.

23. Kanda Y. Investigation of the freely available easy-to-use soft-

ware ‘EZR’ for medical statistics. Bone Marrow Transplant.

2013;48(3):452–458.

24. Walker I, Panzarella T, Couban S, Couture F, Devins G,

Elemary M, Gallagher G, Kerr H, Kuruvilla J, Lee SJ, Moore

J, et al. Pretreatment with anti-thymocyte globulin versus no

anti-thymocyte globulin in patients with haematological

malignancies undergoing haemopoietic cell transplantation

from unrelated donors: a randomised, controlled, open-label,

phase 3, multicentre trial. Lancet Oncol. 2016;17(2):164–173.

25. Soiffer RJ, Kim HT, McGuirk J, Horwitz ME, Johnston L,

Patnaik MM, Rybka W, Artz A, Porter DL, Shea TC, Boyer

MW, et al. Prospective, randomized, double-blind, phase iii

clinical trial of anti-t-lymphocyte globulin to assess impact

on chronic graft-versus-host disease-free survival in patients

undergoing HLA-matched unrelated myeloablative hemato-

poietic cell transplantation. J Clin Oncol. 2017;35(36):

4003–4011.

26. Bacigalupo A, Lamparelli T, Barisione G, Bruzzi P, Guidi S,

Alessandrino PE, di Bartolomeo P, Oneto R, Bruno B, Sacchi

N, van Lint MT, et al. Thymoglobulin prevents chronic graft-

versus-host disease, chronic lung dysfunction, and late

transplant-related mortality: long-term follow-up of a rando-

mized trial in patients undergoing unrelated donor transplanta-

tion. Biol Blood Marrow Transplant. 2006;12(5):560–565.

27. Inamoto Y, Kimura F, Kanda J, Sugita J, Ikegame K, Nakasone

H, Nannya Y, Uchida N, Fukuda T, Yoshioka K, Ozawa Y,

et al. Comparison of graft-versus-host disease-free, relapse-

free survival according to a variety of graft sources: antithymo-

cyte globulin and single cord blood provide favorable outcomes

in some subgroups. Haematologica. 2016;101(12):1592–1602.

28. Wakamatsu M, Terakura S, Ohashi K, Fukuda T, Ozawa Y,

Kanamori H, Sawa M, Uchida N, Ota S, Matsushita A, Kanda

Y, et al. Impacts of thymoglobulin in patients with acute

Kanda et al 11



leukemia in remission undergoing allogeneic HSCT from dif-

ferent donors. Blood Adv. 2019;3(2):105–115.

29. Kroger N, Solano C, Wolschke C, Bandini G, Patriarca F,

Pini M, Nagler A, Selleri C, Risitano A, Messina G, Bethge

W, et al. Antilymphocyte Globulin for prevention of chronic

graft-versus-host disease. N Engl J Med. 2016;374(1):

43–53.

30. Kawamura K, Kanda J, Fuji S, Murata M, Ikegame K,

Yoshioka K, Fukuda T, Ozawa Y, Uchida N, Iwato K, Sakura

T, et al. Impact of the presence of HLA 1-locus mismatch and

the use of low-dose antithymocyte globulin in unrelated bone

marrow transplantation. Bone Marrow Transplant. 2017;

52(10):1390–1398.

31. Admiraal R, Nierkens S, de Witte MA, Petersen EJ, Fleurke

GJ, Verrest L, Belitser SV, Bredius RGM, Raymakers RAP,

Knibbe CAJ, Minnema MC, et al. Association between anti-

thymocyte globulin exposure and survival outcomes in adult

unrelated haemopoietic cell transplantation: a multicentre, ret-

rospective, pharmacodynamic cohort analysis. Lancet Haema-

tol. 2017;4(4):e183–e191.

32. Ruggeri A, Sun Y, Labopin M, Bacigalupo A, Lorentino F,

Arcese W, Santarone S, Gulbas Z, Blaise D, Messina G, Gha-

vamzadeh A, et al. Post-transplant cyclophosphamide versus

anti-thymocyte globulin as graft- versus-host disease prophy-

laxis in haploidentical transplant. Haematologica. 2017;

102(2):401–410.

12 Cell Transplantation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


