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Summary
Human leukocyte antigen (HLA)-haploidentical haematopoietic cell transplanta-
tion (haplo-HCT) is a suitable salvage strategy in children with haematological ma-
lignancies experiencing either relapse or graft failure (GF) after the first HCT. Data 
comparing outcomes of transplant strategies using either TCRαβ/CD19 depletion 
(TCRαβ) or post-transplant cyclophosphamide (PTCy) are currently lacking. This 
retrospective, multicentre study included children with haematological malignancies 
who received a second haplo-HCT, in which either TCRαβ depletion or PTCy was 
used as the graft-versus-host disease (GvHD) prophylaxis strategy. Primary outcomes 
included overall survival (OS), event-free survival (EFS), cumulative incidence of re-
lapse (CIR) and non-relapse mortality (NRM). Overall, 123 patients were analysed, 
56 receiving PTCy and 67 receiving TCRαβ. Median age at transplant was 9.1 years 
(range, 1.0–24.7 years). Relapse and GF were the transplant indications in 96 and 
27 patients respectively. The 24-month OS [56.8% (95% CI: 42.5%–71.1%) vs. 43.2% 
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I N TRODUC TION

Allogeneic haematopoietic cell transplantation (HCT) is an 
effective treatment for many high-risk or relapsed paediat-
ric haematological malignancies (HM).1–4 The outcome of 
HCT in children has progressively improved over the years, 
due to advancements in transplant techniques.5,6 However, 
some patients experience a treatment failure, mainly due 
to post-transplant disease relapse7,8 or, less frequently, to 
either primary or secondary graft failure (GF).9 Both dis-
ease recurrence and GF occur in a variable percentage of 
patients, mainly depending on the disease phase/status 
and the transplant characteristics, and have a significantly 
negative impact on patient outcomes.10 A second allogeneic 
HCT is a potential therapeutic option,11,12 though it presents 
several challenges, including the availability of a suitable 
donor, a higher risk of transplant-related complications and 
an increased likelihood of immune-mediated complica-
tions.13 In this setting, HLA-haploidentical haematopoietic 
cell transplantation (haplo-HCT) is a suitable strategy for a 
second procedure, considering the frequent availability of 
one or more rapidly accessible familial donors. To overcome 
the HLA barrier and manage the increased risk of graft-
versus-host disease (GvHD) associated with haploidenti-
cal donors, two different approaches have been developed 
for paediatric patients in recent years, namely, selective 
TCRαβ/CD19-depletion (TCRαβ) and T-cell modulation/
depletion (TCMD) with post-transplant cyclophosphamide 
(PTCy). The former consists in an ex vivo selective deple-
tion of αβ T and B cells in the graft, enabling the transfer 
of donor stem cells, committed haematopoietic progenitors 
and relevant numbers of donor mature NK and γδ T cells, 
able to potentially confer protection against pathogens and 
leukaemia cell regrowth.14,15 In contrast, the PTCy strat-
egy, initially developed by the Johns Hopkins group,16,17 
uses cyclophosphamide to selectively target proliferating 
lymphocytes, depleting alloreactive cells while sparing 

pathogen-specific, memory experienced T cells and regu-
latory T cells, thereby promoting engraftment, conferring 
protection against infectious complications and reducing 
GvHD.17 Both strategies have been shown to be feasible and 
effective in children.15,18–21 However, no comparative data 
are currently available to guide the choice of transplant 
strategy in the context of a second haplo-HCT. Our study 
primarily aimed to assess the feasibility and outcomes of 
paediatric patients with haematological malignancies given 
second haplo-HCT with either TCRαβ or PTCy for both GF 
and disease recurrence, to inform clinical decision-making 
in this challenging setting.

M ETHODS

Study design and participants

This is a retrospective, multicentre, international analysis on 
paediatric patients with haematological malignancies who 
underwent a second haplo-HCT due to either disease relapse 
or GF. The study was approved by the local ethic commit-
tee by each institution. The inclusion criteria for the study 
were as follows: patients aged between 0 and 25 years; trans-
plant procedures performed between 1 January 2011 and 31 
December 2022; indication for a second transplantation due 
to primary or secondary GF or disease relapse; availability of 
a haploidentical family donor; GvHD prophylaxis strategies 
based on either TCRαβ or PTCy, according to the centre's 
policy; a previous transplantation from any donor type.

Transplantation procedures

Transplant procedure was performed according to the 
centres' policy. PTCy was administered on day +3+4 or +3+5 
according to the centres' common practice, with the dose 

(95% CI: 31.4%–55.1%)] and EFS [44.1% (95% CI: 30.3%–57.8%) vs. 35.8% (95% CI: 
24.3%–47.3%)] did not differ between PTCy or TCRαβ cohorts. The CIR [34.0% 
(95% CI: 23.1%–50.1%) vs. 37.3% (95% CI: 27.3%–50.8%), p = 0.28] and NRM [18.9% 
(95% CI: 10.7%–33.4%) vs. 25.3% (95% CI: 16.8%–38.2%), p = 0.48] were comparable. 
Cumulative incidence of 100-day of any-grade acute GvHD was higher in the PTCy 
cohort [55.3% (95% CI: 43.7%–70.4%) vs. 32.8% (95% CI: 23.3%–46.2%), p = 0.02], 
with non-statistically significant differences for grade II–IV and grade III–IV. The 
24-month cumulative incidence of chronic GvHD was higher in the PTCy cohort 
[38.8% (95% CI: 27.6%–54.6%) vs. 11.9% (95% CI: 6.2%–22.8%), p < 0.01], including 
moderate–severe forms [15.3% (95% CI: 8.1%–29.1%) vs. 1.4% (95% CI: 0.2%–10.4%), 
p < 0.01]. Infectious complications were comparable except for a higher adenovirus re-
activation rate in the TCRαβ group (14.3% vs. 29.9%, p = 0.04). PTCy and TCRαβ offer 
comparable clinical outcomes in the setting of second haplo-HCT, although PTCy is 
associated with a higher incidence of GvHD and lower adenovirus reactivation.

K E Y W O R D S
children, GvHD, haploidentical, PTCy, second HCT, TCRαβ/CD19
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of 50 mg/kg/dose. TCRαβ/CD19-depletion was performed 
as previously reported.15 In brief, it was conducted using 
a closed system with clinical grade reagents and Miltenyi 
Biotec instrumentation (Bergish-Gladbach, Germany). 
Briefly, apheresis products were tagged with biotin-
conjugated anti-TCRαβ antibodies, followed by labelling 
with paramagnetic beads conjugated to anti-biotin and 
anti-CD19 antibodies for B-cell depletion. The CliniMACS 
device processed the cells through a magnetic column, and 
aliquots of the final graft were analysed for CD34+ HSCs, 
TCRγδ, NK cell content, as well as for the assessment of 
residual TCRαβ T and B cells. The use of granulocyte-colony 
stimulating factor (G-CSF) followed each centre's internal 
policy. Regardless of the GvHD prophylaxis regimen, some 
centres administered G-CSF starting the day after the second 
dose of cyclophosphamide until neutrophil engraftment, 
while others did not routinely use G-CSF and reserved its 
administration for delayed neutrophil recovery or in the 
presence of complications such as infections.

End-points and definitions

Primary outcomes included overall survival (OS), event-free 
survival (EFS), cumulative incidence of relapse (CIR) and 
non-relapse mortality (NRM) in patients receiving either 
TCRαβ or PTCy. Secondary outcomes included GvHD-free, 
relapse-free survival (GRFS), cumulative incidence of GF, 
acute GvHD (aGvHD), chronic GvHD (cGvHD), any type of 
infections, transplant-related toxicities and immune reconsti-
tution at 30- and 100-day post-haplo-HCT. GF was defined 
according to the updated European Bone Marrow Transplant 
(EBMT) criteria.22 aGvHD was graded according to the 
Glucksberg criteria.22,23 cGvHD was defined and classified 
according to the National Institutes of Health (NIH) crite-
ria.24 Neutrophil engraftment was defined as the first of three 
consecutive days in which the neutrophil count reached or 
exceeded 0.5 × 109/L. Platelet engraftment was defined as the 
first day in which a platelet count of ≥20 × 109/L was achieved 
without a platelet transfusion for at least 7 days.

Statistical analysis

Collected data were reported using descriptive statistics. 
Continuous variables were reported by their median value, 
range or standard deviation (SD). The variables were com-
pared between patients receiving TCRαβ or PTCy using the 
Wilcoxon rank sum test for continuous variables and the chi-
squared test for categorical variables. OS, EFS and GRFS were 
estimated using the Kaplan–Meier method, while CIR and 
NRM were estimated using the cumulative incidence function 
to account for competing risks. Log-rank and Grey's test were 
used to compare the data between the two groups. p-value was 
considered statistically significant if <0.05. Statistical analyses 
were performed using NCSS (NCSS 12 Statistical Software 
(2018). NCSS, LLC., Kaysville, UT, USA).

R E SU LTS

Patients and transplant characteristics

A total of 123 patients from nine transplant centres were 
included. Median age at second transplant was 9.2 years 
(range, 1.0–24.7 years). Patients' characteristics are reported 
in Table 1. Patients were predominately males (63.4%) with 
acute lymphoblastic leukaemia and acute myelogenous 
leukaemia as more frequent diagnoses, in 44.7% and 
39.8% of cases respectively. Patients received a median of 3 
(range, 2–5) lines of therapy including the first HCT before 
the haplo-HCT. Relapse and GF were the indications for 
the second transplant in 96 (78.0%) and 27 (22.0%) cases 
respectively. Haplo-HCT was performed at a median of 
12.6 months (range, 0.9–94.8) after the first and at a median 
of 3.6 months (range, 0.3–28.5) after the relapse or GF. 
Patients with GF and relapse received the second transplant 
after a median of 0.7 and 4.0 months respectively (p < 0.001). 
As GvHD prophylaxis, 56 patients received PTCy, with bone 
marrow as the stem cell source in 80.4%, while 67 patients 
received TCRαβ, all with peripheral blood as the stem cell 
source. Conditioning regimens varied among the patients 
and were TBI-based, treosulfan-based and busulfan-based 
in 26.0%, 31.7% and 24.4% of patients respectively. Median 
number of infused CD34+ cells/kg was 9.39 × 106/kg (range, 
1.40–33.50), with a higher median number in TCRαβ than 
in PTCy (15.50 vs. 4.98, p < 0.001). For patients receiving 
PTCy, the median number of infused CD3+ was 0.54 × 108/
kg (range, 0.00–4.53). Patients receiving PTCy as GvHD 
prophylaxis also received a calcineurin inhibitor and 
mycophenolate mofetil, starting the day after the second 
dose of PTCy. In three cases, anti-thymocyte globulin was 
added to the PTCy protocol. Patients in the TCRαβ groups 
have not received any post-transplant pharmacologic GVHD 
prophylaxis. When comparing the baseline characteristics 
of the PTCy and TCRαβ groups, patients in the former 
group received a higher median number of lines of therapy 
before haplo-HCT (3 vs. 2, p = 0.004). The median follow-up 
for surviving patients was 45.3 months (range, 1.9–153.7) 
with a longer median follow-up in the PTCy group (64.2 vs. 
36.8 months, p = 0.002).

Engraftment and immune reconstitution

In the PTCy and TCRαβ groups, 53 (94.6%) and 62 (92.5%) 
of patients, respectively, achieved neutrophil engraftment 
(p = 0.63), with a shorter time to engraftment in the TCRαβ 
group (16.5 ± 3.8 vs. 12.0 ± 3.5 days, p < 0.001) (Table  2). 
A higher proportion of patients in the PTCy group received 
G-CSF; the growth factor was also administered for more 
days in this group than in patients given a TCRαβ/B-cell 
depleted allograft (Table 2). A shorter platelet engraftment 
time was also observed in the TCRαβ group (11.0 ± 9.0 vs. 
24.0 ± 23.5 days, respectively, p < 0.001). In patients receiv-
ing a second haplo-HCT for GF as transplant indication, a 
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successful engraftment was achieved in 25/27 (92.6%) pa-
tients. No differences in total lymphocyte counts were found 
at day +30 in the PTCy and TCRαβ groups (425/μL vs. 395/
μL, p = 0.45) and day +100 (869/μL vs. 900/μL, p = 0.34) and 
in CD4+ T-cell counts at day +30 (58/μL vs. 78/μL, p = 0.29) 
and day +100 (116/μL vs. 170/μL, p = 0.21).

Outcomes

The 24-month OS and EFS did not differ between the PTCy or 
TCRαβ cohorts [56.8% (95% CI: 42.5%–71.1%) vs. 43.2% (95% 
CI: 31.4%–55.1%), p = 0.11; EFS 44.1% (95% CI: 30.3%–57.8%) 
vs. 35.8% (95% CI: 24.3%–47.3%), p = 0.22] (Figure  1). The 

T A B L E  1   Characteristics of the patients' cohorts.

Overall (N = 123) PTCy (N = 56) TCRαβ (N = 67) p-value

Age at 2nd HCT—year—median (SD) 9.17 ± 5.25 9.34 ± 5.17 8.91 ± 5.34 0.683

Gender—No. (%) 0.847

Male 78 (63.4) 35 (62.5) 43 (64.2)

Female 45 (36.6) 21 (37.5) 24 (35.8)

Diagnosis—No. (%) 0.079

ALL 55 (44.7) 30 (53.6) 25 (37.3)

MDS 6 (4.9) 4 (7.1) 2 (3)

MPAL 4 (3.3) 1 (1.8) 3 (4.5)

AML 49 (39.8) 15 (26.8) 34 (50.7)

JMML 9 (7.3) 6 (10.7) 3 (4.5)

Median number of previous lines of therapy—No. 
(range)

3 (2–5) 3 (2–5) 2 (2–4) 0.004

2nd HCT indication—No. (%) 0.898

Relapse 96 (78) 44 (78.6) 52 (77.6)

Graft failure 27 (22) 12 (21.4) 15 (22.4)

Time from 1st to 2nd HCT—months—median (SD) 12.56 ± 25.20 12.93 ± 16.41 12.56 ± 14.20 0.505

Time from event to 2nd HCT—months—median 
(SD)

3.60 ± 4.30 3.42 ± 3.49 3.83 ± 4.87 0.769

Stem cell source—No. (%) <0.001

BM 45 (36.6) 45 (80.4) 0 (0)

PBSC 78 (63.4) 11 (19.6) 67 (100)

Conditioning regimen—No. (%) 0.304

TBI-based 32 (26) 11 (19.6) 21 (31.3)

Treosulfan-based 39 (31.7) 21 (37.5) 18 (26.9)

Busulfan-based 30 (24.4) 18 (32.1) 12 (17.9)

Other 22 (17.9) 6 (10.8) 16 (23.9)

CD34+ n/106/kg—median (SD) 9.49 ± 7.57 4.98 ± 4.50 15.50 ± 6.25 <0.001

CD3+—(n/108/kg)—median (SD) 0.54 ± 1.21

GvHD prophylaxis—No. (%) <0.001

TCMD 64 (52) 0 (0) 64 (95.5)

TCMD, Sirolimus, MMF 3 (2.4) 0 (0) 3 (4.5)

PTCy, CSA, MMF, ATG 3 (2.4) 3 (5.4) 0 (0)

PTCy, CSA, MMF 42 (34.2) 42 (75) 0 (0)

PTCy, FK506, MMF 11 (9.0) 11 (19.6) 0 (0)

G-CSF administration—No. (%) 53 (48.6) 30 (53.5) 23 (34.3) <0.001

G-CSF administration—days—median (range) 10 (0–27) 12 (0–25) 6 (0–27) <0.001

Abbreviations: ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; ATG, anti-thymocyte globulin; BM, bone marrow; CMML, chronic myelomonocytic 
leukaemia; CSA, ciclosporin A; G-CSF, granulocyte-colony stimulating factor; GvHD, graft-versus-host disease; JMML, Juvenile myelomonocytic leukaemia; MDS, 
myelodysplastic syndrome; MMF, mycophenolate mofetil; MPAL, mixed phenotype acute leukaemia; PBSC, peripheral blood stem cells; PTCy, post-transplant 
cyclophosphamide; TBI, total body irradiation; TCMD, T-cell depletion; TCRαβ, TCRαβ/CD19-depletion.
Note: Bold values indicate statistically significant (p < 0.05).
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CIR [34.0% (95% CI: 23.1%–50.1%) vs. 37.3% (95% CI: 27.3%–
50.8%), p = 0.28] and NRM [18.9% (95% CI: 10.7%–33.4%) vs. 
25.3% (95% CI: 16.8%–38.2%), p = 0.48] were also compara-
ble between PTCy and TCRαβ. The cumulative incidence of 
100-day any-grade acute GvHD was higher in the PTCy co-
hort [55.3% (95% CI: 43.7%–70.4%) vs. 32.8% (95% CI: 23.3%–
46.2%), p = 0.02], with non-significant differences observed 
for grade II–IV [42.8% (95% CI: 31.6%–57.9%) vs. 25.3% (95% 
CI: 16.8%–38.2%), p = 0.08] and grade III–IV [12.5% (95% CI: 
6.2%–25.0%) vs. 8.9% (95% CI: 4.1%–19.2%), p = 0.75] (Figure 2). 
The cumulative incidence of gut acute GvHD was higher in 
the PTCy than in the TCRαβ cohort (Figure 2). The 24-month 
cumulative incidence of chronic GvHD was higher in the 
PTCy cohort [38.8% (95% CI: 27.6%–54.6%) vs. 11.9% (95% 
CI: 6.2%–22.8%), p < 0.001], including moderate–severe forms 

[15.3% (95% CI: 8.1%–29.1%) vs. 1.4% (95% CI: 0.2%–10.4%), 
p = 0.004]. The 24-month GRFS was lower in the PTCy group 
than in the TCRαβ [5.5% (95% CI: 0.0%–11.5%) vs. 19.4% (95% 
CI: 9.9%–28.8%), p = 0.008]. When stratifying patients accord-
ing to the indication to the second transplant, in patients re-
ceiving a second haplo-HCT for relapse (median follow-up of 
41.4 months, range: 1.9–141.9), outcomes were similar between 
the PTCy and TCRαβ groups [24-month OS: 48.4% (95% CI: 
31.6%–65.3%) vs. 36.5% (95% CI: 23.4%–49.6%), p = 0.10; 24-
month EFS: 34.0% (95% CI: 18.7%–49.2%) vs. 30.7% (95% 
CI: 18.2%–43.3%), p = 0.35; 24-month CIR: 45.0% (95% CI: 
31.6%–64.0%) vs. 42.3% (95% CI: 30.8%–58.1%), p = 0.57; 24-
month NRM: 19.5% (95% CI: 10.3%–36.8%) vs. 26.9% (95% 
CI: 17.2%–42.1%), p = 0.48]. Similarly, no significant differ-
ences were observed in the GF subgroup (median follow-up 

T A B L E  2   Engraftment and reconstitution data.

Overall (N = 123) PTCy (N = 56) TCRαβ (N = 67) p-value

Primary graft failure 8 (6.5) 3 (5.4) 5 (7.5) 0.637

Neutrophil engraftment—day—median (SD) 15.0 ± 4.1 16.5 ± 3.8 12.0 ± 3.5 <0.001

Platelet (20k) engraftment—day—median (SD) 14.0 ± 18.3 24.0 ± 23.5 11.0 ± 9.0 <0.001

Platelet (50k) engraftment—day—median (SD) 14.0 ± 72.0 91.5 ± 70.5 13.5 ± 71.0 0.117

TLC at day +30—median (range) 425 (0–5780) 395 (0–3480) 460 (10–5780) 0.452

TLC at day +100—median (range) 869 (30–5140) 900 (30–3950) 820 (60–5140) 0.341

CD4+ at day +30—median (range) 58 (0–1530) 78 (0–1530) 33 (4–836) 0.292

CD4+ at day +100—median (range) 116 (7–1200) 170 (10–1200) 82 (7–695) 0.211

Abbreviations: PTCy, post-transplant cyclophosphamide; TCRαβ, TCRαβ/CD19-depletion; TLC, total lymphocyte count.
Note: Bold values indicate statistically significant (p < 0.05).

F I G U R E  1   Overall survival, event-free survival, cumulative incidence of non-relapse mortality and relapse according to T-cell depletion method. 
(A) Kaplan–Meier curves of OS stratified by TCMD; (B) Kaplan–Meier curves of EFS stratified by TCMD; (C) cumulative incidence of relapse stratified 
by TCMD; (D) cumulative incidence of relapse stratified by TCMD. EFS, event-free survival; OS, overall survival; TCMD, T-cell modulation/depletion. 
[Colour figure can be viewed at wileyonlinelibrary.com]
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of 60.8 months, range: 3.3–153.7) [24-month OS: 82.5% (95% 
CI: 60.4%–100.0%) vs. 66.6% (95% CI: 42.8%–90.5%), p = 0.81; 
24-month EFS: 75.0% (95% CI: 50.5%–99.5%) vs. 53.3% (95% 
CI: 28.0%–78.5%), p = 0.59; CIR: 0.0% (95% CI: 0.0%–0.0%) 
vs. 20.0% (95% CI: 7.2%–55.0%), p = 0.11; 24-month NRM: 
17.5% (95% CI: 4.9%–61.8%) vs. 20.0% (95% CI: 7.2%–55.0%), 
p = 0.91].

Transplant complications

Transplant complications of patients receiving PTCy or 
TCRαβ as GvHD prophylaxis are reported in detail in Table 3. 
Infectious complications occurred in 62.5% and 77.6% of pa-
tients in the PTCy and TCRαβ groups, respectively, with no 
significant differences (p = 0.07). Bacterial infections had a 

F I G U R E  2   GvHD incidence according to T-cell depletion method. Cumulative incidence according to TCMD for (A) any grade aGvHD; (B) grade 
II–IV aGvHD; (C) grade III–IV aGvHD; (D) gut aGvHD; (E) any grade cGvHD; (F) moderate to severe cGvHD. aGvHD, acute graft-versus-host disease; 
GvHD, graft-versus-host disease; TCMD, T-cell modulation/depletion. [Colour figure can be viewed at wileyonlinelibrary.com]
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similar incidence in the two cohorts, mainly occurring in 
the first 100 days after transplant, with no significant dif-
ferences in the localization. Cytomegalovirus reactivations 
by day 180 were comparable in the two groups (39.3% vs. 
38.8%, p = 0.957). Of note, none of the included patients was 
on letermovir prophylaxis. A significantly higher incidence 
of adenovirus reactivation was observed in the TCRαβ group 
(14.3% vs. 29.9%, p = 0.040). Regarding transplant toxici-
ties, no differences were found in the rate of veno-occlusive 
disease (VOD/SOS), but a significantly higher incidence of 
haemorrhagic cystitis related to BK virus was found in the 
TCRαβ group (10.7% vs. 16.4%, p = 0.011).

DISCUSSION

We herein report the first comparison of two widely used 
methods for GvHD prophylaxis in children with haemato-
logical malignancies undergoing a second haplo-HCT for 
either GF or disease recurrence. Only limited data compare 
the two most widely used approaches, namely PTCy and 

TCRαβ/B-cell depletion for the first transplant, and no data 
are available in the context of a second transplant.25 Our re-
sults underline the feasibility of both procedures in the set-
ting of a second transplant with a high rate of engraftment 
even in patients with previous GF. Time to engraftment was 
consistent with that reported in the literature for TCRαβ15 
and PTCy20 and resulted shorter for the TCRαβ method. 
However, despite the earlier engraftment in TCRαβ, there 
was no observed impact on the incidence of severe infections 
within the first 100 days. Moreover, no other differences 
were found in the post-transplant total and CD4+ lym-
phocyte count after haplo-HCT, consistent with literature 
data.15,18 Another notable finding is that patients experienc-
ing GF after the first HCT underwent a second haplo-HCT 
after a median of 0.66 months after the GF diagnosis, un-
derscoring the possibility to rapidly proceed with a second 
procedure. NRM was acceptable in both groups considering 
that patients were heavily pretreated and received a previ-
ous transplant and was comparable with previous reports re-
porting transplant procedures from several type of donor.26 
Fierro-Pineda et  al.20 previously reported a 12-month rate 

T A B L E  3   Transplant complications.

Overall (N = 123) PTCy (N = 56) TCRαβ (N = 67) p-value

Patients with infections—No. (%) 87 (70.7) 35 (62.5) 52 (77.6) 0.067

Total infection events—No. 240 97 143 0.342

Bacterial infection—No. (%) 40 (32.5) 18 (32.1) 22 (32.8) 0.935

Bacterial infection period—No. (%) 0.471

First 100 days 23 (57.5) 10 (55.5) 13 (59.1)

100–180 days 8 (20) 5 (27.8) 3 (13.6)

181–365 days 9 (22.5) 3 (16.7) 6 (27.3)

Bacterial infection localization—No. (%) 0.641

BSI 32 (80) 14 (77.6) 18 (81.9)

Pneumonia 3 (7.5) 1 (5.6) 2 (9.1)

GI 2 (5) 1 (5.6) 1 (4.5)

Cutaneous 1 (2.5) 1 (5.6) 0 (0)

CNS 1 (2.5) 0 (0) 1 (4.5)

UTI 1 (2.5) 1 (5.6) 0 (0)

CMV reactivation by day 180—No. (%) 48 (39) 22 (39.3) 26 (38.8) 0.957

Fungal infections—No. 15 (12.2) 6 (10.7) 9 (13.4) 0.646

Candida spp. 4 (3.3) 2 (3.6) 2 (3)

Aspergillus spp. 11 (8.9) 4 (7.1) 7 (10.4)

Viral infections—No. 72 (58.5) 28 (50) 44 (65.7) 0.079

EBV reactivation 11 (8.9) 9 (16.1) 2 (3)

Adenovirus reactivation 28 (22.8) 8 (14.3) 20 (29.9)

Other toxicities

MOF 17 (13.8) 5 (8.9) 12 (17.9) 0.151

VOD/SOS 8 (6.5) 3 (5.4) 5 (7.5) 0.637

Haemorrhagic cystitis related to BK 17 (13.8) 6 (10.7) 11 (16.4) 0.011

Abbreviations: BSI, bloodstream infection; CMV, cytomegalovirus; CNS, central nervous system; EBV, Epstein–Barr virus; GI, gastrointestinal; MOF, multi-organ failure; 
PTCy, post-transplant cyclophosphamide; TCRαβ, TCRαβ/CD19-depletion; VOD/SOS, sinusoidal obstruction syndrome.
Note: Bold values indicate statistically significant (p < 0.05).
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of transplant-related mortality of 0%; however, patients in-
cluded in that study underwent the first haplo-HCT and 
cumulative incidence of relapse was higher than the one re-
ported in our cohort. OS and EFS in our two groups were 
comparable and aligned with data on second transplant 
procedures for paediatric acute leukaemias,26 as well as the 
CIR which was similar in patients receiving the haplo-HCT 
for both GF or relapse after the first. Any-grade aGvHD was 
significantly more frequent in the PTCy cohort, although 
grades II–IV and III–IV showed a trend towards higher inci-
dence without reaching statistical significance. Concerning 
cGvHD, the PTCy group exhibited a significantly higher 
rate of any grade and moderate to severe forms. These data 
underline a significant incidence of cGvHD and align with 
previous reports.20 Indeed, patients undergoing haplo-HCT 
with PTCy as the TCMD method may require enhanced 
prophylaxis for cGvHD, such as the addition of a low dose of 
anti-thymocyte globulin (ATG) to PTCy27,28 or other thera-
pies, including mesenchymal stem cells,29 ruxolitinib30 or 
abatacept,31 tailored on the risk of post-transplant relapse. 
While in our cohort the incidence of cGvHD was signifi-
cantly higher in the PTCy group, considering the compara-
ble CIR, it can be speculated that the immunosuppression 
required to treat GvHD may not impact disease control, but 
further data are needed to confirm this hypothesis.

Regarding infectious complications, the two groups gen-
erally presented a comparable incidence of such complica-
tions. A higher rate of adenovirus reactivations was found 
in the TCRαβ group, which aligns with the previously pub-
lished literature.15 Limitations of the analysis of infectious 
complications include the lack of assessment of their clinical 
relevance, such as the treatment needs and costs, and the ab-
sence of data on antibacterial prophylaxis. A slightly higher 
incidence of haemorrhagic cystitis related to BK was found 
in the TCRαβ as well, despite the fact that this complication 
is usually reported to be associated with the use of PTCy.32 
Indeed, the low number of these events limits the power 
of the study to specifically address this issue that should 
be assessed in future studies. This study had some limita-
tions. First, it included patients receiving haplo-HCT after 
experiencing either relapse or graft failure, which, while 
providing shared feasibility and outcomes data, may involve 
different clinical approaches. Moreover, the two cohorts 
presented some baseline differences, such as differences in 
the median number of lines of therapy before haplo-HCT, in 
the median follow-up for surviving patients and in G-CSF 
administration.

CONCLUSION

Both PTCy and TCRαβ are valuable strategies for GvHD 
prophylaxis in second haplo-HCT, demonstrating 
comparable outcomes, including CIR. However, PTCy is 
associated with a higher incidence of GvHD and a lower 
incidence of adenovirus reactivations.
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