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Abstract 

The use of peripheral blood (PB) or bone marrow (BM) stem cells graft in haploidentical hematopoietic stem cell 
transplantation with post-transplant cyclophosphamide (PTCy) for graft-versus-host disease (GVHD) prophylaxis 
remains controversial. Moreover, the value of adding anti-thymoglobulin (ATG) to PTCy is unknown. A total of 1344 
adult patients received an unmanipulated haploidentical transplant at 37 centers from 2012 to 2019 for hematologic 
malignancy. We compared the outcomes of patients according to the type of graft, using a propensity score analysis. 
In total population, grade II–IV and III–IV acute GVHD (aGVHD) were lower with BM than with PB. Grade III–IV aGVHD 
was lower with BM than with PB + ATG. All outcomes were similar in PB and PB + ATG groups. Then, in total popula‑
tion, adding ATG does not benefit the procedure. In acute leukemia, myelodysplastic syndrome and myeloprolifera‑
tive syndrome (AL-MDS-MPS) subgroup receiving non-myeloablative conditioning, risk of relapse was twice greater 
with BM than with PB (51 vs. 22%, respectively). Conversely, risk of aGVHD was greater with PB (38% for aGVHD II–IV; 
16% for aGVHD III–IV) than with BM (28% for aGVHD II–IV; 8% for aGVHD III–IV). In this subgroup with intensified 
conditioning regimen, risk of relapse became similar with PB and BM but risk of aGVHD III–IV remained higher with PB 
than with BM graft (HR = 2.0; range [1.17–3.43], p = 0.012).
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To the Editor,

Haploidentical hematopoietic stem cell transplantations 
account for a quarter of allogeneic HSCT worldwide 
[1–3]. There is no consensus on the use of bone marrow 
(BM) versus peripheral blood (PB) stem cells and on the 
value of adding anti-thymoglobulin (ATG) to post-trans-
plant cyclophosphamide (PTCy) [4–7]. We report the 
experience of the Société Francophone de Greffe de Moe-
lle et de Thérapie Cellulaire (SFGM-TC) retrospectively 
comparing the use of BM versus PB versus PB + ATG in 
patients who received T cell repleted graft from a hap-
loidentical familial donor with PTCy between 2012 and 
2019 in 37 centers. In addition, subgroup analyses of 
acute leukemia, myelodysplastic syndrome and myelo-
proliferative syndrome (AL-MDS-MPS) were performed 
according to conditioning intensity. A propensity score 
was used to make these different groups comparable 
(Additional files 1, 4).

Findings
A total of 1344 patients were reported, including 371 
BM, 776 PB without ATG and 197 received PB with ATG. 
The median age at transplant was 56 (IQR, 40.7–63.7). 
Patients were treated for AL (56%) or another myeloid 
(24%) or lymphoid (20%) malignancies. Myeloablative 
conditioning (MAC) regimen was more frequently used 
with BM (p < 0.05). PB + ATG patients had higher disease 
risk index score than other patients (p < 0.0001). Median 
follow-up was 28.7 months (Additional file 3: Table S1).

In the total population, engraftment and platelet recon-
stitution were similar between the three groups (Addi-
tional file 3: Table S2).

The cumulative incidence (CI) of 3-month aGVHD 
II–IV and aGVHD III–IV was 27.9%, 38.3%, 34.2%, and 
7.7%, 15.9%,17.3% with BM, PB and PB + ATG, respec-
tively (p < 0.05). The CI of two-year extensive chronic 
GVHD (cGVHD) was 11.8% without difference in the 
groups. After adjustments, the risk of aGVHD was lower 
with BM than with PB grafts. The risk of aGVHD III–IV 
was lower with BM than with PB + ATG and the risk of 
TRM was similar between the groups. The CI of relapse 
at two years was 28%, 25% and 30% with BM, PB and 
PB + ATG, respectively (p = 0.31), and there was no dif-
ference after weighting. The probability of two-year over-
all survival (OS) was 60.3%, 54.1% and 42.4% with BM, 
PB and PB + ATG, respectively (p < 0.05), but there was 
no difference after adjustments. Then, after adjustments, 
the risk of two-year GVHD-and-relapse-free-survival 

(GRFS) remained lower with BM than with PB + ATG 
(Additional file 3: Table S3).

Analyses then focused on a subgroup of diseases 
at high risk of relapse, AL-MDS-MPS, and excluding 
patients receiving ATG. Conditioning regimens were 
grouped into two categories: NMA Baltimore-type and 
more intensive regimens (MAC and reduced intensity 
conditioning (RIC) excluding NMA). In the setting of 
NMA regimen and after adjustments, there was a two-
fold increased risk of aGVHD II–IV as well as a twofold 
lower risk of relapse with PB than with BM grafts (Fig. 1; 
Additional file 3: Table S4).

With more intensive conditioning regimens, the risk of 
aGVHD III–IV remained twice higher with PB without 
any difference in risk of others outcomes of interests, in 
particular without impact on relapse (Fig.  2; Additional 
file 3: Table S5).

Discussion
In line with previous studies reporting aGVHD rates of 
25% for transplants with BM grafts versus 40% with PB 
grafts, we found that PB graft was associated with higher 
rates of aGVHD compared to BM [4–10]. Adding ATG 
did not decrease the rate of GVHD. This is in contradic-
tion with previous studies reporting a decrease in the rate 
of cGVHD when ATG was added to PTCy [11]. How-
ever, these studies were based on a limited number of 
patients, had included various doses of ATG or Cy-PT, 
and reported various grades of cGVHD. We report that 
in the subgroup of patients with AL-MDS-MPS, the risk 
of relapse is greatly increased with BM associated with 
NMA, whereas this risk is no longer observed when con-
ditioning is intensified. Other studies have reported an 
increased risk of relapse in patients with leukemia after 
BM graft, or a reduction in relapses after MAC [5, 12]. 
However, no study has performed a combined analysis of 
relapse risk in leukemia patients according to graft type 
and conditioning intensity, possibly due to insufficient 
population size. This is the largest series of haploidenti-
cal transplants with PTCy reported to date. Although 
retrospective, statistical analysis using the propensity 
score makes it possible to homogenize the sub-popula-
tions and make them comparable. The large number of 
patients studied makes it possible to analyze the impact 
of the “intensity of conditioning regimen” factor in addi-
tion to graft type and disease type. We feel it is important 
to remember that graft outcome depends on many fac-
tors, and that these three elements must be considered to 
optimize the hematological treatment (Additional file 2).
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Abbreviations
ATG​	� Anti-thymoglobulin
BM	� Bone marrow
CI	� Cumulative incidence
GVHD	� Graft-versus-host disease
aGVHD	� Acute graft-versus-host disease
cGVHD	� Chronic graft-versus-host disease
GRFS	� GVHD-free/relapse-free survival
HR	� Hazard ratio

IQR	� Interquartile range
MAC	� Myeloablative conditioning
NMA	� Non-myeloablative
OS	� Overall survival
PB	� Peripheral blood
PTCy	� Post-transplant cyclophosphamide
RIC	� Reduced intensity conditioning
TRM	� Treatment-related mortality

Fig. 1  Cumulative incidence of outcomes for AL-MDS-MPS with NMA conditioning, according to graft

Fig. 2  Cumulative incidence of outcomes for AL-MDS-MPS with intensive conditioning, according to graft
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