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Key Points

• Despite different
characteristics and
transplant protocols,
patients with
lymphoma from Europe
and Japan have similar
outcomes.

• TBI–containing
regimens positively
affected survival in
both (European,
Japanese) cohorts,
whereas the effect of
HLA mismatches
differed.
To clarify the different characteristics and prognostic factors of cord blood transplantation

(CBT) in adult patients with lymphoid neoplasms in Europe and Japan, we conducted a

collaborative study. Patients aged 18-75 years receiving their first CBT (Europe: single CBT, n =

192; double CBT, n = 304; Japan: single CBT, n = 1150) in 2000-2017 were analyzed. Fewer

patients with Hodgkin lymphoma (Europe vs Japan, 26% vs 5%), and older patients (≥50 years)

(39% vs 59%) with a higher refined disease risk index (rDRI) (high-very high: 49% vs 14%) were

included in the Japanese registry. High-very high rDRI was associated with inferior overall

survival (OS) (vs low rDRI, Europe: hazard ratio [HR], 1.87; P = .001; Japan: HR, 2.34; P < .001)

with higher progression/relapse risks. Total body irradiation (TBI)–containing conditioning

contributed to superior OS both in Europe (vs TBI–reduced-intensity conditioning [RIC], non-

TBI-RIC: HR, 1.93; P < .001; non-TBI–Myeloablative conditioning [MAC]: HR, 1.90; P = .003) and

Japan (non–TBI-RIC: HR, 1.71; P < .001; non–TBI-MAC: HR 1.50, P = .007). The impact of HLA

mismatches (≥2) on OS differed (Europe: HR, 1.52; P = .007; Japan: HR, 1.18; P = .107). CBT for

lymphoid neoplasms, especially in those with high rDRI showed poor outcomes despite all the

different characteristics in both registries. TBI should be considered in conditioning regimens

to improve these outcomes. The different impacts of HLA mismatches call attention to the

fundamental differences among these populations.
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Introduction

The rise of novel strategies, such as the use of posttransplant
cyclophosphamide–based haploidentical transplant, have gradually
changed the role of umbilical cord blood (CB) as an alternative
donor source.1-6 Nevertheless, improving the outcomes of cord
blood transplantation (CBT) is very important because CB remains
a good alternative graft source, in particular when other suitable
donors are not available in a timely fashion. In a previous collabo-
rative study between the Eurocord/European Society for Blood and
Marrow Transplantation (Eurocord/EBMT) and the Japanese
Society for Transplantation and Cellular Therapy (JSTCT)/Japa-
nese Data Center for Hematopoietic Cell Transplantation
(JDCHCT) focusing on leukemia, we observed that the factors
affecting CBT outcomes were similar between the 2 registries
despite different clinical practices and ethnicities.7 Meanwhile, we
have limited knowledge about the differences between allogeneic
hematopoietic cell transplantation (allo-HCT) performed for
patients with mature lymphoid neoplasm in Western countries and
Japan. Because the effects of allo-HCT, such as the risk of non-
relapse mortality (NRM) and graft-versus-host disease (GVHD),
differ between patients suffering from leukemia and those suffering
from lymphoid neoplasms, we performed a new study focusing, this
time, on CBT outcomes in adult patients with lymphoid neoplasms.
The aim of this study was to comprehensively examine the char-
acteristics and outcomes of patients who received CBT for
lymphoid neoplasms in Europe or Japan and to determine the CBT
prognostic factors in each registry, which could potentially help
improve transplant strategies and outcomes.

Patients and methods

Data collection

Transplant data were obtained from the Eurocord/EBMT Registry
and Transplant Registry Unified Management Program of JSTCT/
JDCHCT. All patients provided written informed consent for
research. The study was conducted according to the Declaration
of Helsinki and approved by the Institutional Review Board of
Eurocord, Kyoto University Graduate School of Medicine, and the
Data Management Committees of JSTCT and JDCHCT.

Inclusion and exclusion criteria

Patients aged 18 to 75 years with mature lymphoid neoplasms who
received their first unrelated CBT using unmanipulated single or
double CB unit(s) between 2000 and 2017 were eligible for this
study. CBTs combined with other cell sources were excluded.
Patients with adult T-cell leukemia/lymphoma or immature lymphoid
malignancies were also excluded.

Definitions and end points

Overall survival (OS) was defined as the time from transplantation
to the last date of follow-up or death. Relapse/progression was
defined as any recurrence or progression of lymphoid neoplasm
after transplantation. Relapse/progression-free survival (PFS) was
defined as lymphoid neoplasm progression/relapse and death as
events. NRM was defined as death without evidence of lymphoid
neoplasm progression or relapse. Neutrophil engraftment was
defined as the first day of neutrophil count ≥0.5 × 109 /L for 3
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
consecutive days, without evidence of autologous reconstitution or
graft rejection within the first 100 days of CBT. Acute and chronic
GVHD were diagnosed and graded using standard criteria.8,9

Myeloablative conditioning (MAC) or reduced-intensity condition-
ing (RIC) regimens were classified as reported by the transplant
centers following the EBMT and Japanese Transplant Registry
Unification Management Program guidelines and according to
standard criteria.10 To standardize the data, HLA typing was
classified considering low-resolution typing for HLA-A and HLA-B
and high-resolution typing for HLA-DRB1 in both cohorts.

The primary objectives of this study were to, independently, describe
the characteristics of patients who received their first CBT for
lymphoid neoplasms in either Eurocord/EBMT or JSTCT/JDCHC
transplant centers and to identify the common and different prog-
nostic factors for outcomes in respective to the 2 registries. The
secondary end points were to describe the probability of OS and
PFS, the cumulative incidence of progression/relapse, NRM,
neutrophil engraftment, and acute and chronic GVHD.

Statistical analysis

OS and PFS were evaluated using the Kaplan-Meier method, and
lymphoid neoplasm progression/relapse and NRM were calculated
based on the cumulative incidence function (CIF) to account for
competing risks.11 The effects of patient and transplant character-
istics on the outcomes of interest were assessed using the Cox
proportional hazard model for OS and PFS, Fine and Gray propor-
tional subhazards model for progression/relapse, NRM, neutrophil
engraftment, and acute and chronic GVHD.12 The competing events
were death without progression/relapse for progression/relapse,
death without engraftment for engraftment, progression/relapse for
NRM, and death without acute or chronic GVHD for acute and
chronic GVHD. Chronic GVHD was assessed for patients who
survived for at least 100 days after transplantation. Covariates
considered were transplant year (continuous variable), patient sex,
patient age (<50 or ≥50 years old), Karnofsky Performance Status
(40-80, 90-100), hematopoietic cell transplantation-specific comor-
bidity index (Japanese cohort only), history of autologous hemato-
poietic stem cell transplantation (HCT) before CBT, refined disease
risk index (rDRI), patients’ cytomegalovirus infection status, total
nucleated cell (TNC) counts (quartile in each registry), CD34+ cell
counts (quartile in each registry), number of HLA mismatches (<2 or
≥2 locus mismatches out of 6 loci), the combination of intensity of
conditioning regimen (RIC or MAC) and the use of total body irra-
diation (TBI) (TBI-RIC, TBI-MAC, non–TBI-RIC, non–TBI-MAC), use
of anti-thymocyte globulin (ATG) as a GVHD prophylaxis (European
cohort only), GVHD prophylactic regimen other than ATG. For var-
iables with >5% missing values, the missing data were included as a
separate category. Covariates were selected in the preceding
multivariate analysis for each registry in a stepwise manner, with a
variable retention criterion of P value <.05. All covariates selected
from 1 or both registries were included in the corresponding sub-
sequent multivariate analysis. Variables with P values <.05 were
considered significant.

All statistical analyses were performed using commercial software
Stata (version 13, Stata Corp, College Station, TX) and EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan),13 which is a graphic user interface for R (R Foundation for
Statistical Computing, version 3.1.1, Vienna, Austria).
CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 641



Table 1. Patients’ characteristics

EUROCORD (N = 496) JSTCT (N = 1150)

n* %† n* %†

Disease subtype

B-cell lymphoma 247 49.8 658 57.2

Mature T/NK-cell lymphoma 98 19.8 401 34.9

Hodgkin lymphoma 131 26.4 58 5.0

NHL (not specified) 20 4.0 33 2.9

Year of transplantation

2000-2004 9 1.8 140 12.2

2005-2009 196 39.5 258 22.4

2010-2014 256 51.6 445 38.7

2015-2017 35 7.1 307 26.7

Patient sex

Male 312 62.9 695 60.4

Female 183 36.9 455 39.6

Missing 1 0.2 0 0.0

Age at CBT 46 (IQR, 32-56) 53 (IQR, 42-60)

Age‡ (<50 or ≥50)
18-49 302 60.9 471 41.0

50-70 194 39.1 679 59.0

KPS

40-80 90 18.1 368 32.0

90-100 278 56.0 694 60.3

Missing 128 25.8 88 7.7

rDRI

Low 208 41.9 84 7.3

Intermediate 191 38.5 458 39.8

High-very high 68 13.7 567 49.3

Missing 29 5.8 41 3.6

History of auto-HCT

No 223 45.0 842 73.2

Yes 273 55.0 308 26.8

Double or single

Single 192 38.7 1150 100.0

Double 304 61.3 0 0.0

TNCs at collection per recipient weight (×107/kg) 4.38 (IQR, 3.69-5.35)§ 2.66 (IQR, 2.27-3.17)

Number of CD34+ cells at collection per recipient
weight (×105/kg)

1.76 (IQR, 1.19-2.51)| 0.81 (IQR, 0.60-1.15)

Number of HLA-MM

0-1 122 24.6 214 18.6

2- 307 61.9 817 71.0

Missing 67 13.5 119 10.3

Conditioning

MAC

Non-TBI 53 10.7 92 8.0

TBI 38 7.7 280 24.3

Missing 13 2.6 0 0.0

auto-HCT, autologous HCT; CMV, human cytomegalovirus; dCBT, transplantation using double CB units; HLA-MM, HLA mismatches; KPS, Karnofsky Performance Status; NA, not
available; NHL, non-Hodgkin lymphoma; sCBT, transplantation using single CB unit.
*n indicates the number of patients with each characteristics.
†% indicates the percentage of patients in each group.
‡Indicates patients’ age at CBT.
§sCBT: 3.76 (IQR: 3.70-5.24), dCBT: 4.94 (IQR: 3.70-5.34).
|sCBT: 1.51 (IQR: 1.19-2.50), dCBT: 1.88 (IQR: 1.20-2.51).
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Table 1 (continued)

EUROCORD (N = 496) JSTCT (N = 1150)

n* %† n* %†

RIC

Non-TBI 83 16.7 175 15.2

TBI 301 60.7 602 52.3

Missing 8 1.6 1 0.1

GVHD prophylaxis

CI + MMF 359 72.4 320 27.8

CI + MTX NA NA 529 46.0

CI + steroid 62 12.5 NA NA

Others 75 15.1 301 26.2

Use of ATG

No 279 56.3 1067 92.8

Yes 151 30.4 3 0.3

Missing 66 13.3 80 7.0

Patient CMV status

Positive 206 41.5 848 73.7

Negative 269 54.2 200 17.4

Missing/not performed 21 4.2 102 8.9

auto-HCT, autologous HCT; CMV, human cytomegalovirus; dCBT, transplantation using double CB units; HLA-MM, HLA mismatches; KPS, Karnofsky Performance Status; NA, not available;
NHL, non-Hodgkin lymphoma; sCBT, transplantation using single CB unit.
*n indicates the number of patients with each characteristics.
†% indicates the percentage of patients in each group.
‡Indicates patients’ age at CBT.
§sCBT: 3.76 (IQR: 3.70-5.24), dCBT: 4.94 (IQR: 3.70-5.34).
| sCBT: 1.51 (IQR: 1.19-2.50), dCBT: 1.88 (IQR: 1.20-2.51).
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Results

Patients’ characteristics

A total of 496 patients (single CBT, n = 192; double CBT, n =
304) from the European registry and 1150 patients (single CBT
only) from the Japanese registry were included. Table 1 shows
patient and CBT characteristics. The distributions of lymphoid
neoplasm subtypes were different between Europe (mature B-cell
neoplasms, n = 247 [49.8%]; mature T/NK-cell neoplasms, n = 98
[19.8%]; Hodgkin lymphoma [HL], n = 131 [26.4%], considering
both single and double CBT) and Japan (mature B-cell neoplasms,
n = 658 [57.2%]; mature T/NK-cell neoplasms, n = 401 [34.9%];
HL, n = 58 [5.0%]) with different frequency of autologous stem cell
transplantation (Europe: 55.0%; Japan: 26.8%) before CBT
(supplemental Table 1). The Japanese cohort comprised older
patients >50 years of age (59.0% vs 39.1%) with a higher rDRI
(high-very high: 49.3% vs 13.7%) (Table 1; supplemental Table 2).
Median TNC counts were 4.38 (interquartile range [IQR]: 3.69-
5.35) × 107/kg in Europe, and it was 2.66 (IQR: 2.27-3.17) × 107/
kg in Japan (only single CBT). Median CD34+ cell counts were
1.76 (IQR: 1.19-2.51) × 105/kg in Europe and 0.81 (IQR:
0.60-1.15) × 105/kg in Japan. Mycophenolate mofetil (MMF) in
combination with a calcineurin inhibitor (CI) was used for GVHD
prophylaxis more frequently in Europe (Europe: 72.7%; Japan:
27.8%) and methotrexate (MTX) with CI almost only in Japan
(Japan: 46.0%). ATG was rarely used in the Japanese cohort
(0.3%) whereas it was used in 30.4% of patients in the European
cohort. The median follow-up time for survivors was 4.6 years in the
European and 3.7 years in the Japanese cohorts.
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
OS and progression/relapse-free survival

The 5-year OS and PFS in the European registry were 44.1% (low
rDRI, 49.1%; intermediate rDRI, 44.6%; high-very high rDRI,
32.2%) and 35.3% (low rDRI, 40.2%; intermediate rDRI, 36.0%;
high-very high rDRI, 20.3%), respectively. Whereas in the Japanese
registry, the 5-year OS was 34.4% (low rDRI, 49.3%; intermediate
rDRI, 44.2%; high-very high rDRI, 24.9%), and the 5-year PFS was
30.5% (low rDRI, 45.1%; intermediate rDRI, 38.3%; high-very high
rDRI, 22.4%). A significant effect of rDRI and the use of TBI in the
conditioning regimen on OS and PFS was observed in both reg-
istries. Compared with low rDRI, high-very high rDRI had a signif-
icant negative impact on OS (Europe: hazard ratio [HR], 1.87; P =
.001; Japan: HR, 2.34; P < .001) and PFS (Europe: HR, 1.89; P <
.001; Japan: HR, 2.35; P < .001) (Tables 2 and 3, respectively),
resulting in poor survival probability for patients in this group
(Figure 1). Patients with intermediate rDRI showed comparable
outcomes with those with low rDRI in Europe (OS: HR, 1.19; P =
.239; PFS: HR, 1.18; P = .218), but not in Japan, where a statis-
tically significant negative effect of intermediate compared with low
rDRI in PFS was also observed (OS: HR, 1.36; P = .071; PFS: HR,
1.46; P = .022) (Tables 2 and 3). The 5-year OS according to the
conditioning regimen for the European and Japanese cohorts were
TBI-RIC 51.5% and 38.8%, TBI-MAC 46.6% and 35.6%, non–TBI-
RIC 30.3% and 20.2%, and non–TBI-MAC 22.6% and 35.7%,
respectively (Figure 2). The 5-year PFS according to the respective
conditioning regimen groups TBI-RIC, TBI-MAC, non–TBI-RIC, and
non–TBI-MAC were 33.1%, 33.4%, 17.3%, and 32.3% in the
European cohort and 41.4%,31.1%, 19.1%, and 25.1%,
CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 643



Table 2. Overall survival

Variables

EUROCORD (N = 496) JSTCT (N = 1150)

HR 95% CI P value HR 95% CI P value

Year of transplant, continuous variable 0.99 (0.95-1.03) .648 0.96 (0.94-0.98) <.001

Age* (<50 or ≥50)
18-49 1.00 Reference 1.00 Reference

50-70 1.28 (0.98-1.67) .074 1.48 (1.26-1.74) <.001

rDRI

Low 1.00 Reference 1.00 Reference

Intermediate 1.19 (0.89-1.58) .239 1.36 (0.97-1.91) .071

High or very high 1.87 (1.31-2.69) .001 2.34 (1.69-3.25) <.001

Conditioning

TBI-RIC 1.00 Reference 1.00 Reference

TBI-MAC 1.15 (0.71-1.86) .580 1.05 (0.85-1.28) .663

Non–TBI-RIC 1.93 (1.38-2.70) <.001 1.71 (1.40-2.10) <.001

Non–TBI-MAC 1.90 (1.25-2.90) .003 1.50 (1.12-2.03) .007

GVHD prophylaxis

CI + MMF 1.00 Reference 1.00 Reference

CI + MTX NA NA NA 1.46 (1.20-1.78) <.001

CI + steroid 1.18 (0.78-1.79) .444 NA NA NA

Others 1.32 (0.92-1.89) .128 1.68 (1.35-2.08) <.001

Number of HLA-MM

0-1 1.00 Reference 1.00 Reference

2- 1.52 (1.12-2.07) .007 1.18 (0.97-1.44) .107

95% CI, 95% confidence interval; HLA-MM, HLA mismatches; NA, not available.
Results of the analysis statistically significant (with P < .05) are highlighted in bold.
*Indicates patients’ age at CBT.
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respectively, in the Japanese cohort (Figure 2). The positive effect
of TBI–containing regimens was also confirmed in multivariate
analyses for OS (vs TBI-RIC, Europe: non–TBI-RIC: HR, 1.93; P <
.001; non–TBI-MAC: HR, 1.90; P = .003; Japan: non–TBI-RIC:
HR, 1.71; P < .001; non–TBI-MAC: HR, 1.50; P = .007) and PFS
(Europe: non–TBI-RIC: HR, 1.84; P < .001; non–TBI-MAC: HR,
1.73; P = .010; Japan: non–TBI-RIC: HR, 1.74; P < .001; non–
TBI-MAC: HR, 1.36; P = .037). HLA mismatches ≥ 2 (vs <2) had a
significant negative impact on OS (Europe: HR, 1.52; P = .007;
Japan: HR, 1.18; P = .107) and PFS only in the European cohort,
whereas age at CBT (≥50 vs <50 years) and GVHD prophylaxis
(CI plus MTX vs CI plus MMF) had a significant negative impact
only in the Japanese cohort (Tables 2 and 3). Low-dose TBI (<4
Gy) showed positive effect on OS (vs non-TBI regimens, Europe:
HR, 0.48; P < .001; Japan: HR, 0.60; P < .001) and PFS (vs non-
TBI regimens, Europe: HR, 0.53; P < .001; Japan: HR, 0.57; P <
.001) in patients receiving the RIC regimen in both registries. The
positive impact of high-dose TBI (≥12 Gy) was significant only in
Japanese cohorts receiving the MAC regimen (vs non-TBI regi-
mens, OS: HR, 0.58; P = .005; PFS: HR, 0.62; P = .007)
(supplemental Table 5). The details of the analysis of the effect of
conditioning regimens on outcomes according to the rDRI groups
are provided in supplemental Tables 3 and 4. Non-TBI regimens
showed a more evident adverse effect on OS (vs TBI-RIC, Europe:
non–TBI-RIC: HR, 2.96; P = .004; non–TBI-MAC: HR, 2.84;
P = .027) and PFS (vs TBI-RIC, Europe: non–TBI-RIC: HR, 2.58;
644 WATANABE et al
P = .014; non–TBI-MAC: HR, 2.78; P = .046; Japan: non–TBI-
RIC: HR, 1.81; P < .001; non–TBI-MAC: HR, 1.56; P = .026) for
patients with high-very high rDRI.

GVHD as the cause of death was more frequently observed in the
Eurocord cohort, whereas the progression of lymphoid neoplasms
was more frequently observed in the Japanese cohort. The primary
cause of death is provided in supplemental Table 6.

Relapse/progression

The 5-year CIF for relapse/progression was 26.7% in the European
cohort and 29.4% in the Japanese cohort. High-very high rDRI (vs
low rDRI) had a negative effect in both cohorts (Europe: HR, 2.04;
P = .007; Japan: HR, 2.96; P < .001) with very high incidences of
progression (Europe: 40.6%; Japan: 34.1%) (supplemental
Figure 1), whereas the impact of intermediate rDRI was statisti-
cally significant only in Japan (Europe: HR, 1.48; P = .064; Japan:
HR, 2.01; P = .022) (Table 4). In both cohorts, most of the patients
who experienced relapse or progression (Europe: 73.5%, Japan;
92.1%) had the event within 1 year after the transplant. Age ≥ 50
years (vs <50 years) was identified as a protective factor for relapse
only in the European cohort, whereas a history of autologous HCT
had a statistically positive effect only in the Japanese cohort
(Table 4). A negative effect tendency of non–TBI-RIC was observed
in both cohorts in the univariate analysis (Figure 3A-B), but in the
multivariate analysis, it was borderline statistically significant only in
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3



Table 3. Relapse/progression-free survival

Variables

EUROCORD (N = 496) JSTCT (N = 1150)

HR 95% CI P value HR 95% CI P value

Year of transplant, continuous variable 0.99 (0.95-1.03) .542 0.96 (0.95-0.98) <.001

Age* (<50 or ≥50)
18-49 1.00 Reference 1.00 Reference

50-70 1.06 (0.82-1.37) .648 1.41 (1.21-1.65) <.001

rDRI

Low 1.00 Reference 1.00 Reference

Intermediate 1.18 (0.91-1.55) .218 1.46 (1.06-2.02) .022

High or very high 1.89 (1.34-2.66) <.001 2.35 (1.71-3.23) <.001

Conditioning

TBI-RIC 1.00 Reference 1.00 Reference

TBI-MAC 0.97 (0.61-1.55) .909 0.94 (0.77-1.14) .514

Non–TBI-RIC 1.84 (1.33-2.53) <.001 1.74 (1.43-2.12) <.001

Non–TBI-MAC 1.73 (1.14-2.61) .010 1.36 (1.02-1.82) .037

GVHD prophylaxis

CI + MMF 1.00 Reference 1.00 Reference

CI + MTX NA NA NA 1.47 (1.22-1.79) <.001

CI + steroid 0.86 (0.56-1.31) .496 NA NA NA

Others 1.19 (0.84-1.69) .318 1.70 (1.38-2.10) <.001

TNCs at collection per recipient weight

(×107/kg)†

-First quartile 1.00 Reference 1.00 Reference

First-second quartile 0.67 (0.47-0.96) .028 0.93 (0.75-1.14) .465

Second-third quartile 0.84 (0.59-1.18) .314 0.91 (0.74-1.12) .358

Third quartile - 0.88 (0.61-1.26) .482 0.98 (0.80-1.21) .874

Number of HLA-MM

0-1 1.00 Reference 1.00 Reference

2- 1.36 (1.03-1.81) .030 1.17 (0.96-1.42) .119

95% CI, 95% confidence interval; HLA-MM, HLA mismatches; NA, not available.
Results of the analysis statistically significant (with P < .05) are highlighted in bold.
*Indicates patients’ age at CBT.
†TNCs at collection per recipient weight (×107/kg) was categorized into 4 groups using the quartiles as referred in the Table 1.
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the Japanese cohort (HR, 1.36; P = .052) (Table 4). A higher dose
of TBI ≥4 Gy was associated with a lower progression risk in the
Japanese patients receiving RIC (HR, 0.72; P = .048), whereas no
difference was observed between different TBI doses in the Euro-
pean registry (HR, 0.73; P = .425) (supplemental Table 5).

Non relapse/progression mortality

The 5-year CIF for transplant-related mortality was 37.9% in the
European cohort and 40.1% in the Japanese cohort, which was
relatively high, regardless of the rDRI (supplemental Figure 2). Age
≥50 years (vs <50) was the only factor having statistically signifi-
cant negative effect in both cohorts (Table 5). HLA mismatches ≥2
and the use of ATG showed a negative impact only in the European
cohort, whereas GVHD prophylaxis with CI plus MTX was only
observed in the Japanese cohort (Table 5). Regarding the condi-
tioning regimen, the negative effect of non–TBI-RIC (vs TBI-RIC,
HR, 1.45; P = .005) was significant in the Japanese cohort. The
impact of TBI was positive in Japanese patients who had received
the RIC regimen, regardless of the TBI dose (vs non-TBI regimens,
low-dose <4 Gy: HR, 0.62; P = .012; high dose ≥4 Gy: HR, 0.74;
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
P = .042). A negative impact of non–TBI-MAC in the European
cohort was also observed (HR, 1.63; P = .075), although it did not
reach statistical significance (Figure 3C-D; Table 5; supplemental
Table 5).

Neutrophil engraftment

The 60-days CIF for neutrophil engraftment was 86.8% in the
European registry and 82.0% in the Japanese cohort. Age ≥50
years (vs age <50, Europe: HR, 0.74; P = .006; Japan: HR, 0.80;
P = .002), intermediate (only in the European cohort: HR, 0.78; P =
.028) and high-very high rDRI (vs low rDRI, Europe: HR, 0.63; P =
.011; Japan: HR, 0.75; P = .025) showed adverse effect on
neutrophil engraftment (supplemental Table 7). TBI-MAC in the
European cohort (HR, 0.66; P = .026) and non–TBI-RIC (HR,
0.74; P = .002) in the Japanese cohort had a negative impact on
engraftment. The positive effect of the recent year of trans-
plantation (HR, 1.04; P < .001), higher CD34+ cell counts, and
negative impact of CI+MTX prophylaxis (vs CI plus MMF, HR, 0.66;
P < .001) were significant only in the Japanese cohort
(supplemental Table 7).
CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 645



1.0

0.8

0.6

0.4

0.2

0.0

0 1 2 3 4 5

Pr
ob

ab
ilit

y

Year from transplant

84 42 36 30 25 20
458 222 162 133 101 77
567 181 135 96 75 57

49.3%

44.2%

24.9%

P  .001

JSTCT

Low

Intermediate

High-Very high

B
1.0

0.8

0.6

0.4

0.2

0.0

0 1 2 3 4 5

Pr
ob

ab
ilit

y

Year from transplant

208 127 104 95 75 57Low
191 105 84 70 60 40Intermediate
68High-Very high 27 22 18 16 11

Number at risk

49.1%

44.6%

32.2%

P  .001

Eurocord

Low

Intermediate

High-Very high

A

1.0

0.8

0.6

0.4

0.2

0.0

0 1 2 3 4 5

Pr
ob

ab
ilit

y

Year from transplant

83 38 31 26 21 16
457 191 141 115 88 68
566 157 117 85 69 52

45.1%

38.3%

22.4%

P  .001

JSTCT

Low

Intermediate

High-Very high

D
1.0

0.8

0.6

0.4

0.2

0.0

0 1 2 3 4 5

Pr
ob

ab
ilit

y

Year from transplant

208 113 88 78 60 49Low
191 84 68 57 48 29Intermediate
68High-Very high 20 13 12 10 5

Number at risk

40.2%

36.0%

20.3%

P  .001

Eurocord

Low

Intermediate

High-Very high

C
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Acute and chronic GVHD

The 100-days CIF of grade 2 to 4 and grade 3 to 4 acute GVHD
was 33.0% and 16.5% in the European cohort and 37.4% and
13.9% in the Japanese cohort, respectively. HLA mismatches ≥2
were significantly associated with the risk of grades 3 to 4 acute
GVHD in both cohorts (vs HLA<2, Europe: HR, 2.08; P = .028;
Japan: HR, 2.77; P = .001), whereas the effect on grade 2 to 4
acute GVHD was only significant in the Japanese cohort (HR, 1.75;
P < .001, supplemental Table 8). The use of ATG was associated
with a lower risk of grade 3 to 4 acute GVHD (HR, 0.22; P < .001)
646 WATANABE et al
in the European cohort, and a higher number of CD34+ cell and
male gender (HR, 1.61; P = .008) was associated with a higher risk
of grade 3 to 4 acute GVHD only in the Japanese cohort
(supplemental Table 8).

The 5-year CIF of chronic and extensive chronic GVHD was 35.0%
and 15.3% in the European cohort, and 30.3% and 14.0% in the
Japanese cohort, respectively. The non–TBI-RIC conditioning
regimen was associated with a decreased risk of chronic GVHD in
the European cohort (vs TBI-RIC, HR, 0.40; P = .014), whereas no
significant impact of the conditioning regimen on chronic GVHD
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
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was observed in the Japanese cohort (supplemental Table 9).
None of the studied factors were found to be statistically significant
associated with the occurrence of extensive chronic GVHD.

Discussion

To our knowledge, this was the first study to simultaneously analyze
CBT outcomes in adult patients with lymphoid neoplasms from 2
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
registries comprising ethnically different populations. Our study
reinforced the knowledge that the characteristics of patients
receiving CBT for lymphoid neoplasms largely differ between
Europe and Japan, which was reflected in the different distributions
of lymphoma subtypes between registries.14,15 Autologous trans-
plantation before allo-HCT was observed more frequently in
European patients, which was possibly due to the higher frequency
of patients with HL in that cohort than in the Japanese cohort. The
CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 647



Table 4. Disease relapse/progression

Variables

EUROCORD (N = 496) JSTCT (N = 1150)

HR 95% CI P value HR 95% CI P value

Age* (<50 or ≥50)
18-49 1.00 Reference 1.00 Reference

50-70 0.58 (0.38-0.88) .010 0.82 (0.65-1.04) .103

rDRI

Low 1.00 Reference 1.00 Reference

Intermediate 1.48 (0.98-2.24) .064 2.01 (1.11-3.67) .022

High or very high 2.04 (1.21-3.42) .007 2.96 (1.64-5.34) <.001

Conditioning

TBI-RIC 1.00 Reference 1.00 Reference

TBI-MAC 0.77 (0.39-1.53) .461 0.83 (0.62-1.11) .204

Non–TBI-RIC 1.19 (0.74-1.90) .469 1.36 (1.00-1.84) .052

Non–TBI-MAC 0.67 (0.35-1.30) .234 1.05 (0.68-1.62) .817

History of auto-HCT

No 1.00 Reference 1.00 Reference

Yes 0.94 (0.64-1.37) .743 0.65 (0.49-0.86) .002

95% CI, 95% confidence interval; auto-HCT, autologous HCT.
Results of the analysis statistically significant (with P < .05) are highlighted in bold.
*Indicates patients’ age at CBT.
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Japanese cohort comprised older patients with a higher rDRI
(high-very high: 49% vs 13%) than the European cohort, a similar
tendency of what has been observed in the setting of leukemia in a
previous collaborative study between the Eurocord and Japanese
groups.7 Regarding the characteristics of CB units, the tendencies
to use units with higher TNC and CD34+ cell counts and fewer
HLA mismatches were more clearly observed in the European
cohort, even when considering only a single CBT. This tendency
could be partly explained by the different recommendations for the
minimum required doses for TNC and CD34+,16-21 as well as the
acceptable degree of HLA mismatches22-25 for transplant between
Europe and Japan.

Despite these differences, transplant outcomes were similar
between the 2 cohorts, with high frequencies of NRM and pro-
gression/relapse.

Refined DRI showed strong effect on transplant outcomes. Patients
with intermediate or low rDRI had acceptable outcomes, whereas
those with high-very high rDRI had a poor prognosis, supporting the
known impact of the lymphoma stage.26,27 NRM did not seem to
have significantly decreased over the years (data not shown), con-
trary to what has been observed in a previous study,28-32 which might
be attributed, in part, to the type of patients included in our study and
to the decreasing number of patients with lymphoma in Europe
receiving CBT over time. Another possibility is that the impact of
improved transplant strategies might be lessened in patients with
lymphoma in comparison to patients with other hematologic malig-
nancies, given their frequent history of heavy treatments, consequent
organ toxicity, and susceptibility to infections.

Consistent with previous reports on analysis including other
hematologic diseases,29-31 the use of ATG showed negative
impact on NRM despite a lower incidence of GVHD, suggesting
that use of ATG might be detrimental and should be cautiously
648 WATANABE et al
used in this setting. Regarding HLA mismatches, we found that
their impact differed between the 2 registries. In the European
cohort, HLA mismatches >2 showed a significantly negative impact
on OS and PFS. This could be partly attributed to the incidence of
acute GVHD in patients receiving CB units with higher degree of
HLA mismatches. The incidence of acute GVHD grade 2 has been
shown in a previous study in the setting of leukemia to have a
protective effect on the survival of Japanese patients, whereas the
opposite effect was observed in the European cohort.33-35 Due to
the nature of the available data for our analyses, we could not
investigate the potential impact of HLA-mismatch at each locus on
GVHD and graft-versus-lymphoma, as demonstrated in previous
reports.36-40

An important factor unveiled in our study was that TBI-RIC and TBI-
MAC were significantly associated with superior survival in both
cohorts. The superiority of TBI–containing regimens in CBT has
been previously described in some studies including both lymphoid
and other hematological malignancies.41-44 Nonetheless, contro-
versial results in the use of TBI have been reported in some other
studies, including more patients with myeloid malignancies and/or
receiving allo-HCT from donor sources other than CB;17,45,46

therefore, our findings suggest that the positive impact of TBI
might be a distinctive feature of CBT for lymphoid neoplasms. In
our study, patients who received TBI showed lower NRM and
relapse/progression risks than those who did not. Improved
neutrophil engraftment in the TBI cohorts47 could have been a
contributing factor for the reduced NRM,41,42 although this effect
was not statistically significant in our analysis. The mechanisms
underlying the superiority of TBI–containing regimens for patients
with lymphoma remain to be clarified, but the benefit of using TBI,
especially low doses in RIC, was evident in the 2 registries, sug-
gesting that it should be more broadly considered in the condi-
tioning of patients with lymphoid neoplasms.
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
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Figure 3. Relapse/progression and nonrelapse mortality stratified by the conditioning regimen. Cumulative incidence of relapse or disease progression stratified by

conditioning regimen was grouped into 4 (TBI-RIC, TBI-MAC, non–TBI-RIC, and non–TBI-MAC) in the European cohort (A) and in the Japanese cohort (B). Cumulative incidence
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It is important to note that, in addition to the recommendations
regarding caution with the use of ATG, careful assessment of HLA
disparities, and to preconize the use of TBI for patients with lym-
phoma, it is of utmost importance to follow current CBT guidelines
for CB unit selection, cell dose recommendations, conditioning
regimens, and GVHD prophylaxis to further improve out-
comes.17,43-46,48
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3
Conclusion

In conclusion, CBT is an acceptable choice for patients with
lymphoid neoplasms, especially those with low or intermediate
rDRI, despite different transplant strategies and patient charac-
teristics. Meanwhile, strategical improvements to reduce NRM
and lymphoid neoplasm progression risks remain urgent issues,
especially in those with high-very high rDRI. The effect of HLA
CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 649



Table 5. Nonrelapse mortality

Variables

EUROCORD (N = 496) JSTCT (N = 1150)

HR 95% CI P value HR 95% CI P value

Age* (<50 or ≥50)
18-49 1.00 Reference 1.00 Reference

50-70 1.65 (1.19-2.30) 0.003 1.67 (1.35-2.07) <.001

Conditioning

TBI-RIC 1.00 Reference 1.00 Reference

TBI-MAC 1.09 (0.57-2.06) 0.799 1.08 (0.84-1.39) .550

Non–TBI-RIC 1.11 (0.67-1.85) 0.678 1.45 (1.12-1.89) .005

Non–TBI-MAC 1.63 (0.95-2.78) 0.075 1.17 (0.80-1.72) .420

Number of HLA-MM

0-1 1.00 Reference 1.00 Reference

2- 1.71 (1.13-2.60) 0.011 1.03 (0.80-1.31) .844

GVHD prophylaxis

CI + MMF 1.00 Reference 1.00 Reference

CI + MTX NA NA NA NA 1.48 (1.15-1.90) .002

CI + steroid 0.98 (0.56-1.69) 0.935 NA NA NA NA

Others 1.14 (0.71-1.82) 0.594 1.84 (1.41-2.40) <.001

Use of ATG

No 1.00 Reference 1.00 Reference

Yes 1.54 (1.02-2.31) 0.040 NA NA NA NA

Patient CMV status

Negative 1.00 Reference 1.00 Reference

Positive 1.41 (1.01-1.96) 0.045 0.91 (0.71-1.17) .459

95% CI, 95% confidence interval; CMV, Human cytomegalovirus; HLA-MM, HLA mismatches; NA, not available.
Results of the analysis statistically significant (with P < .05) are highlighted in bold.
*Indicates patients’ age at CBT.
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mismatches on CBT outcomes in patients with lymphoid neoplasm
differed between Europe and Japan, which calls for careful attention
when examining the impact of this factor on transplant outcomes of
patients from different ethnicities. The most evident factor contrib-
uting to superior outcomes was the use of a TBI–containing con-
ditioning regimen, which was a modifiable factor. Therefore, we
suggest considering its use, whenever possible, in CBT protocols
for patients with lymphoid neoplasms.
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cord blood for T-cell lymphoma: a retrospective study from the Société Francophone de Greffe de Moelle et de Therapie Cellulaire. Bone Marrow
Transplant. 2021;56(11):2849-2856.

6. Fuchs EJ, O’Donnell P v, Eapen M, et al. Double unrelated umbilical cord blood vs HLA-haploidentical bone marrow transplantation: the BMT CTN 1101
trial. Blood. 2021;137(3):420-428.

7. Kanda J, Hayashi H, Ruggeri A, et al. Prognostic factors for adult single cord blood transplantation among European and Japanese populations: the
Eurocord/ALWP-EBMT and JSHCT/JDCHCT collaborative study. Leukemia. 2020;34(1):128-137.

8. Przepiorka D, Weisdorf D, Martin P, et al. 1994 consensus conference on acute GVHD grading. Bone Marrow Transplant. 1995;15(6):825-828.

9. Sullivan KM, Agura E, Anasetti C, et al. Chronic graft-versus-host disease and other late complications of bone marrow transplantation. Semin Hematol.
1991;28(3):250-259.

10. Giralt S, Ballen K, Rizzo D, et al. Reduced-intensity conditioning regimen workshop: defining the dose spectrum. Report of a workshop convened by the
center for international blood and marrow transplant research. Biol Blood Marrow Transplant. 2009;15(3):367-369.

11. Storer BE. Estimation of failure probabilities in the presence of competing risks: new representations of old estimators. 1999;706(6):695-706.

12. Fine JP, Gray RJ. A proportional hazards model for the subdistribution of a competing risk. J Am Stat Assoc. 1999;94(446):496-509.

13. Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. 2013;48(3):452-458.

14. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS. Lymphoma incidence patterns by WHO subtype in the United States, 1992-
2001. Blood. 2006;107(1):265-276.

15. Vose JM, Armitage J, Weisenburger D; International T-Cell Lymphoma Project. International peripheral T-cell and natural killer/T-cell lymphoma study:
pathology findings and clinical outcomes. J Clin Oncol. 2008;26(25):4124-4130.

16. Hough R, Danby R, Russell N, et al. Recommendations for a standard UK approach to incorporating umbilical cord blood into clinical transplantation
practice: an update on cord blood unit selection, donor selection algorithms and conditioning protocols. Br J Haematol. 2016;172(3):360-370.

17. Politikos I, Davis E, Nhaissi M, et al. Guidelines for cord blood unit selection. Biol Blood Marrow Transplant. 2020;26(12):2190-2196.

18. Gluckman E, Rocha V. Donor selection for unrelated cord blood transplants. Curr Opin Immunol. 2006;18(5):565-570.

19. Yanada M, Konuma T, Kuwatsuka Y, et al. Unit selection for umbilical cord blood transplantation for adults with acute myeloid leukemia in complete
remission: a Japanese experience. Bone Marrow Transplant. 2019;54(11):1789-1798.

20. Konuma T, Kato S, Oiwa-Monna M, et al. Cryopreserved CD34 + cell dose, but not total nucleated cell dose, influences hematopoietic recovery and
extensive chronic graft-versus-host disease after single-unit cord blood transplantation in adult patients. Biol Blood Marrow Transplant. 2017;23(7):
1142-1150.

21. Nakasone H, Tabuchi K, Uchida N, et al. Which is more important for the selection of cord blood units for haematopoietic cell transplantation: the
number of CD 34-positive cells or total nucleated cells? Br J Haematol. 2019;185(1):166-169.

22. Barker JN, Scaradavou A, Stevens CE. Combined effect of total nucleated cell dose and HLA match on transplantation outcome in 1061 cord blood
recipients with hematologic malignancies. Blood. 2010;115(9):1843-1849.

23. Atsuta Y, Kanda J, Takanashi M, et al. Different effects of HLA disparity on transplant outcomes after single-unit cord blood transplantation between
pediatric and adult patients with leukemia. Haematologica. 2013;98(5):814-822.

24. Eapen M, Klein JP, Ruggeri A, et al. Impact of allele-level HLA matching on outcomes after myeloablative single unit umbilical cord blood transplantation
for hematologic malignancy. Blood. 2014;123(1):133-140.

25. Yokoyama H, Morishima Y, Fuji S, et al. Impact of HLA allele mismatch at HLA-A, -B, -C, and -DRB1 in single cord blood transplantation. Biol Blood
Marrow Transplant. 2020;26(3):519-528.

26. Paviglianiti A, Tozatto Maio K, Rocha V, et al. Outcomes of advanced Hodgkin lymphoma after umbilical cord blood transplantation: a Eurocord and
EBMT Lymphoma and Cellular Therapy & Immunobiology Working Party Study. Biol Blood Marrow Transplant. 2018;24(11):2265-2270.

27. Marcais A, Porcher R, Robin M, et al. Impact of disease status and stem cell source on the results of reduced intensity conditioning transplant for
Hodgkin’s lymphoma: a retrospective study from the French Society of Bone Marrow Transplantation and Cellular Therapy (SFGM-TC). Haematologica.
2013;98(9):1467-1475.
13 FEBRUARY 2024 • VOLUME 8, NUMBER 3 CBT FOR LYMPHOID NEOPLASMS IN EUROPE AND JAPAN 651

http://refhub.elsevier.com/S2473-9529(23)00691-2/sref1
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref1
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref2
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref2
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref3
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref3
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref4
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref4
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref5
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref5
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref5
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref5
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref5
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref6
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref6
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref7
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref7
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref8
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref9
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref9
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref10
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref10
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref11
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref12
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref13
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref14
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref14
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref15
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref15
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref16
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref16
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref17
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref18
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref19
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref19
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref20
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref20
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref20
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref21
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref21
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref22
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref22
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref23
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref23
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref24
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref24
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref25
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref25
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref26
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref26
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref27
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref27
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref27


D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/8/3/640/2212869/blooda_adv-2023-010598-m

ain.pdf by guest on 03
28. Konuma T, Kanda J, Inamoto Y, et al. Improvement of early mortality in single-unit cord blood transplantation for Japanese adults from 1998 to 2017. Am
J Hematol. 2020;95(4):343-353.

29. Konuma T, Mizuno S, Harada K, et al. Reducing mortality of single-unit unrelated cord blood transplantation for relapsed acute myeloid leukemia after a
previous allogeneic transplantation: a real-world retrospective study over the past 19 years in Japan. Transplant Cell Ther. 2022;28(11):777.e1-777.
e11.

30. Konuma T, Mizuno S, Kondo T, et al. Improved trends in survival and engraftment after single cord blood transplantation for adult acute myeloid leukemia.
Blood Cancer J. 2022;12(5):81.

31. Hahn T, McCarthy PL, Hassebroek A, et al. Significant improvement in survival after allogeneic hematopoietic cell transplantation during a period of
significantly increased use, older recipient age, and use of unrelated donors. J Clin Oncol. 2013;31(19):2437-2449.

32. Rocha V, Gluckman E; Eurocord-Netcord registry and European Blood and Marrow Transplant group. Improving outcomes of cord blood
transplantation: HLA matching, cell dose and other graft- and transplantation-related factors. Br J Haematol. 2009;147(2):262-274.

33. Kanda J, Hayashi H, Ruggeri A, et al. The impact of GVHD on outcomes after adult single cord blood transplantation in European and Japanese
populations. Bone Marrow Transplant. 2022;57(1):57-64.

34. Kanda J, Hishizawa M, Utsunomiya A, et al. Impact of graft-versus-host disease on outcomes after allogeneic hematopoietic cell transplantation for adult
T-cell leukemia: a retrospective cohort study. Blood. 2012;119(9):2141-2148.

35. Baron F, Ruggeri A, Beohou E, et al. Occurrence of graft-versus-host disease increases mortality after umbilical cord blood transplantation for acute
myeloid leukaemia: a report from Eurocord and the ALWP of the EBMT. J Intern Med. 2018;283(2):178-189.

36. William BM, Wang T, Haagenson MD, et al. Impact of human leukocyte antigen (HLA) alleles on outcomes of allogeneic transplantation (Allo-HCT) for
B-cell non-Hodgkin lymphomas (B-NHL); a CIBMTR analysis. Blood. 2016;128(22):3491.

37. Battiwalla M, Ellis K, Li P, et al. HLA DR15 antigen status does not impact graft-versus-host disease or survival in HLA-matched sibling transplantation
for hematologic malignancies. Biol Blood Marrow Transplant. 2012;18(8):1302-1308.

38. Tie R, Zhang T, Yang B, et al. Clinical implications of HLA locus mismatching in unrelated donor hematopoietic cell transplantation: a meta-analysis.
Oncotarget. 2017;8(16):27645-27660.

39. Fleischhauer K, Shaw BE, Gooley T, et al. Effect of T-cell-epitope matching at HLA-DPB1 in recipients of unrelated-donor haemopoietic-cell
transplantation: a retrospective study. Lancet Oncol. 2012;13(4):366-374.

40. Fleischhauer K, Ahn KW, Wang HL, et al. Directionality of non-permissive HLA-DPB1 T-cell epitope group mismatches does not improve clinical risk
stratification in 8/8 matched unrelated donor hematopoietic cell transplantation. Bone Marrow Transplant. 2017;52(9):1280-1287.

41. Barker JN, Devlin SM, Naputo KA, et al. High progression-free survival after intermediate intensity double unit cord blood transplantation in adults. Blood
Adv. 2020;4(23):6064-6076.

42. Milano F, Gutman JA, Deeg HJ, et al. Treosulfan-based conditioning is feasible and effective for cord blood recipients: a phase 2 multicenter study.
Blood Adv. 2020;4(14):3302-3310.

43. Ruggeri A. Optimizing Cord Blood Selection. Hematology Am Soc Hematol Educ Program. 2019;(1):522-531.

44. Morishima Y, Watanabe-Okochi N, Kai S, et al. Selection of cord blood unit by CD34+ cell and GM-CFU numbers and allele-level HLA matching in
single cord blood transplantation. Transplant Cell Ther. 2023;29(10):622-631.

45. Metheny L, Politikos I, Ballen KK, et al. Guidelines for adult patient selection and conditioning regimens in cord blood transplant recipients with
hematologic malignancies and aplastic anemia. Transplant Cell Ther. 2021;27(4):286-291.

46. Ponce DM, Politikos I, Alousi A, et al. Guidelines for the prevention and management of graft-versus-host disease after cord blood transplantation.
Transplant Cell Ther. 2021;27(7):540-544.

47. Nakasone H, Fuji S, Yakushijin K, et al. Impact of total body irradiation on successful neutrophil engraftment in unrelated bone marrow or cord blood
transplantation. Am J Hematol. 2017;92(2):171-178.

48. Dehn J, Spellman S, Hurley CK, et al. Selection of unrelated donors and cord blood units for hematopoietic cell transplantation: guidelines from the
NMDP/CIBMTR. Blood. 2019;134(12):924-934.
652 WATANABE et al 13 FEBRUARY 2024 • VOLUME 8, NUMBER 3

 M
ay 2024

http://refhub.elsevier.com/S2473-9529(23)00691-2/sref28
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref28
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref29
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref29
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref29
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref30
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref30
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref31
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref31
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref32
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref32
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref33
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref33
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref34
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref34
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref35
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref35
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref36
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref36
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref37
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref37
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref38
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref38
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref39
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref39
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref40
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref40
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref41
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref41
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref42
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref42
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref43
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref44
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref44
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref45
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref45
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref46
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref46
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref47
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref47
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref48
http://refhub.elsevier.com/S2473-9529(23)00691-2/sref48

	Cord blood transplantation for adult mature lymphoid neoplasms in Europe and Japan
	Introduction
	Patients and methods
	Data collection
	Inclusion and exclusion criteria
	Definitions and end points
	Statistical analysis

	Results
	Patients’ characteristics
	OS and progression/relapse-free survival
	Relapse/progression
	Non relapse/progression mortality
	Neutrophil engraftment
	Acute and chronic GVHD

	Discussion
	Conclusion

	Authorship
	References


