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Abstract

There are situations where non-first-degree (NFD) related donors have to be considered as alternatives to first-degree
(FD) related donors for haploidentical hematopoietic cell transplantation (HAPLO). However, the efficacy of these NFD
related transplants remains uncertain. All consecutive adult patients (> 18 years) with acute myelogenous leukemia
(AML) or acute lymphocytic leukemia (ALL) in CR who underwent a first HAPLO between 2010 and 2021 in the Euro-
pean Society for Blood and Marrow Transplantation (EBMT) registry were analyzed. Exact matching and propensity
score matching was used. The NFD-to-FD ratio was 1:3. 2703 patients (AML: n=2047; ALL: n =656) in CR received

a first HAPLO from either NFD (n=154) or FD (n=2549) related donors in 177 EBMT centers. 123 NFD and 324 FD
HAPLO were included for analysis after matching. Median patient age was 35.6 and 37.2 for the NFD and FD cohorts,
respectively. Both cohorts reached good engraftment rates (NFD: 95.7% vs. FD, 95.6%; p=0.78). The 2-year relapse
incidence (NFD, 21.1% vs. FD, 22.6%; p =0.84) and non-relapse mortality (NRM) (NFD, 13.2% vs. FD, 17.7%; p=0.33)
were not significantly different. The 2-year overall survival (OS) (NFD, 71.8% vs. FD, 68.3%; p=0.56), leukemia-free
survival (LFS) (NFD, 65.7% vs. FD, 59.7%; p = 0.6) and graft-versus-host disease (GVHD)-free, relapse-free survival (GRFS)
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(NFD, 50.9% vs. FD, 47.8%; p=0.69) also showed no significant differences. The two cohorts showed no difference in
terms of cumulative day 180 grade -1V, grade lI-IV acute GVHD, 2-year cumulative incidences of chronic and exten-
sive chronic GVHD. For HAPLO in patients with acute leukemia, NFD related donors could be equivalent substitutions

when FD related donors are not available.

Keywords Haploidentical hematopoietic cell transplantation, Non-first-degree related donor, First-degree related

donor

To the editor,

The choice of donor is a major issue when planning an
allogeneic hematopoietic cell transplantation (allo-HCT).
The recent development of T-cell-replete haploidenti-
cal allo-HCT (HAPLO) pioneered almost simultane-
ously with different approaches by the Baltimore [1, 2]
and the Beijing team [3, 4] has stirred up the field and
the proportion of HAPLO among allo-HCTs has surged
up globally [5]. The majority of donors for HAPLO are
first-degree (FD) related family members such as parents,
children or siblings. If a suitable FD related donor is not
available, non-first-degree (NFD) related donors, or in
very rare occasions related donors with more than 5/10
HLA mismatch [6], have sometimes been used. Previous
small studies performed by either the Baltimore [7] or the
Beijing team [8, 9] have indicated the feasibility of NFD
HAPLO. In a multi-center retrospective study conducted
exclusively in China, we observed that NFD and FD
HAPLO achieved similar survival transplant outcomes
with similar incidences of acute and chronic graft-versus-
host disease (aGVHD and cGVHD, respectively) [10].
Other studies however, have reported that NFD HAPLO
is associated with slower engraftment and higher inci-
dence of extensive cGVHD [8]. However, all the studies
mentioned above have suffered from small sample size
and/or with no possible comparative analysis.

The EBMT Global Committee and the Acute Leukemia
Working Party (ALWP) of the EBMT therefore decided
to compare retrospectively the outcomes of NFD and FD

HAPLO, using the EBMT registry in a large cohort of
2703 acute leukemia patients in complete remission (CR),
reported by 177 participating centers from January 2010
to January 2021.

Additional file 1: Table S1 describes the demographic
and transplant characteristics of these patients (AML:
n=2047; ALL: n=656). Among them, 154 (5.7%)
HAPLO used NFED related donors. Exact matching and
propensity score matching were used to control for pre-
treatment imbalances in observed variables with an
NFD-to-FD ratio of 1:3 (Eligibility criteria, endpoints
and statistical analysis are described in Additional file 1:
Methods). A total of 123 NFD were matched with 324 FD
HAPLO. Additional file 1: Table S2 describes the demo-
graphic and transplant characteristics of the two cohorts.
The median follow-up durations were 36.8 (range: 28.7—
46.4) and 41.4 (35.8—47.5) months for the NFD and FD
cohorts, respectively.

NED related donors consisted of 32 male cousins, 40
female cousins, 10 uncles, 4 aunts, 15 nephews, 4 nieces,
and 18 with missing information on kinship. The patient
median age was 35.6 (18.8-72.4) and 37.2 (range: 18.1—
73.6) for the NFD and FD cohorts, respectively. The main
diagnosis in both cohorts was AML (NFD, n=84, 68.3%
vs. FD, n=233, 71.9%). Status at transplant overall was
CR1 in 71.6%, CR2 in 25.7% and CR3 in 2.7% of patients.
No statistically significant difference was observed in
terms of disease risk index (DRI), hematopoietic cell
transplantation comorbidity index (HCT-CI), and

Table 1 Transplant outcomes of patients who underwent NFD or FD HAPLO

2 years 180 days 2 years
Relapse NRM LFS [ GRFS Acute GVHD Acute GVHD Chronic Ext. chronic
-1V -v GVHD GVHD
FD 22.6% 17.7% 59.7% 68.3% 47.8% 29.1% 9.1% 31% 9.9%
[17.8-27.7] [13.5-22.3] [53.7-65.3] [62.5-73.5] [41.8-53.6] [24-34.4] [6.2-12.7] [25.6-36.6] [6.6-13.9]
NFD 21.1% 13.2% 65.7% 71.8% 50.9% 24% 10.7% 38.9% 15.3%
[13.9-29.3] [7.7-20.2] [55.9-73.9] [62.3-79.4] [41-60] [16.8-31.9] [6-17] [29.4-48.3] [9.1-229]
HR (95% Cl) 1.04 0.77 092 0.9 (0.63- 0.95 0.8 (0.52- 1.28 1.17 144
(0.69-1.58) (0.45-1.31) (0.66-1.27) 1.28) (0.72-1.25) 1.23) (0.68-2.4) (0.81-1.69) (0.82-2.52)
p value 0.84 033 0.6 0.56 0.69 031 044 041 02

NRM, non-relapse mortality; LFS, leukemia-free survival; OS, overall survival; GRFS, GVHD-free, relapse-free survival; GVHD, graft-versus-host disease; Ext, extensive;
FD, first-degree; NFD, non-first-degree; HR, hazard ratio
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Fig. 1 Transplant outcomes comparing the NFD or FD related HAPLOs. The upper part of the Figure shows the 180-day cumulative incidence of
grade II-IV acute GVHD and 2-year cumulative incidences of cGVHD comparing the FD (red) and NFD (blue) cohorts. The middle part shows the
2-year cumulative incidence of relapse (RI) and non-relapse mortality (NRM). The lower part shows the 2-year leukemia-free survival (LFS) and overall
survival (OS), respectively
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Karnofsky performance score. Of note, the proportion
of female to male combination was lower in the NFD
cohort than in the FD cohort (NFD, 21.1% vs. FD, 30.9%;
p=0.041) and there was a higher percentage of cytomeg-
alovirus seropositivity in patients who underwent NFD
than FD HAPLOs (NFD, 66.1% vs. FD, 54.9%, p =0.038).
The majority of patients in both cohorts received myeloa-
blative conditioning (NFD, 69.1% vs. FD, 65.4%) (regimen
details summarized in Additional file 1: Table S3). The
source of stem cells was peripheral blood (PB) alone in
68% and 46% in the NFD and FD cohorts, respectively.
The distribution of the different GVHD prevention regi-
mens was comparable between the two cohorts. Both
cohorts achieved good engraftment rates (NFD: 95.7% vs.
ED, 95.6%; p=0.78).

In terms of GVHD, the 180-day cumulative incidences
of grade II-IV (NED, 24% vs. FD, 29.1%; HR=0.8 (95%
CI: 0.52-1.23); p=0.31) and grade III-IV aGVHD (NED,
10.7% vs. FD, 9.1%; HR =1.28 (95% CI: 0.68-2.4); p=10.44)
did not differ. Likewise, there was no significant difference
in the 2-year cumulative incidences of cGVHD (NEFD,
38.9% vs. FD, 31%; HR=1.17 (0.81-1.69); p=0.41) and
extensive cGVHD (NFD, 15.3% vs. FD, 9.9%; HR=1.44
(95% CI: 0.82-2.52); p=0.2) (Table 1 and Fig. 1).

There was no difference in the 2-year cumulative
incidence of relapse (RI) (NFD, 21.1% vs. FD, 22.6%;
HR=1.04 (95% CI: 0.69-1.58; p=0.84), NRM (NFD,
13.2% vs. FD, 17.7%; HR=0.77 (95% CIL:0.45-1.31);
p=0.33), LFS (NFD, 65.7% vs. FD, 59.7%; HR=0.92
(95% CI 0.66-1.27); p=0.6) and OS (NED, 71.8%
vs. FD, 68.3%; HR=0.9 (95% CIL: 0.63-1.28; p=0.56)
and in the two cohorts (Table 1 and Fig. 1). Finally, the
2-year GVHD-free, relapse-free survival (GRES) for
both cohorts were similar (NFD, 50.9% vs. FD, 47.8%;
HR=0.95 (95% CIL 0.72-1.25); p=0.69) (Additional
file 1: Figure S1).

A total of 41 patients in the NFD cohort and 110
patients in the FD cohort died during the study period
(Additional file 1: Table S4). Original disease was the
most common cause of death in both NFD (46.3%) and
FD (41.3%) cohorts, followed by infection and GVHD.
Other rarer causes of deaths include veno-occlusive dis-
ease, engraftment failure, cardiac toxicity, hemorrhage,
second malignancy, CNS toxicity and other transplanta-
tion related complications.

This analysis which uses pair/propensity score match-
ing, benefits from the largest population of patients so
far to receive an NFD HAPLO. Therefore, for HAPLO in
patients with acute leukemia, NFD related donors could
be equivalent substitutions when FD related donors are
not available. We are presently conducting a randomized
clinical trial (NCT04547049) to prospectively compare
the two donor types for HAPLO.

Page 4 of 5

Abbreviations

Allo-HCT  Allogeneic hematopoietic cell transplantation

HAPLO Haploidentical hematopoietic cell transplantation

FD First-degree

NFD Non-first-degree

AML Acute myeloid leukemia

ALL Acute lymphocytic leukemia

EBMT European Society for Blood and Marrow Transplantation
aGVHD Acute graft-versus-host disease

cGVHD Chronic graft-versus-host disease

CR Complete remission

DRI Disease Risk Index

HCT-CI Hematopoietic Cell Transplantation Comorbidity Index
RI Relapse incidence

NRM Non-relapse mortality

LFS Leukemia-free survival

oS Overall survival

GRFS GVHD-free, relapse-free survival
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