
Transplantation and Cellular Therapy 30 (2024) 530.e1�530.e8

Transplantation and
Cellular Therapy

journal homepage: www.astct journal .org
Full-length article
Pediatric
Phase II Study of Allogeneic Hematopoietic Stem Cell
Transplantation for Children with High-Risk Neuroblastoma
Using a Reduced-Intensity Conditioning Regimen: Results
from the AIEOP Trial
D1X XArcangelo Prete D2X X1, D3X XEdoardo Lanino D4X X2, D5X XFrancesco Saglio D6X X3, D7X XAlessandra Biffi D8X X4,
D9X XElisabetta Calore D10X X4, D11X XMaura Faraci D12X X2, D13X XRoberto Rondelli D14X X1, D15X XClaudio Favre D16X X5, D17X XMarco Zecca D18X X6,
D19X XGabriella Casazza D20X X7, D21X XFulvio Porta D22X X8, D23X XRoberto Luksch D24X X9, D25X XSimone Cesaro D26X X10,
D27X XMarco Rabusin D28X X11, D29X XRosanna Parasole D30X X12, D31X XRosa Maria Mura D32X X13, D33X XLuca Lo Nigro D34X X14,
D35X XDavide Leardini D36X X1,*, D37X XDaria Pagliara D38X X15, D39X XFranco Locatelli D40X X15,16, D41X XFranca Fagioli D42X X3,17, on behalf
of the AIEOP-BMT Group
1 Pediatric Hematology and Oncology, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy
2Hematopoietic Stem Cell Transplantation Unit, IRCSS Istituto Giannina Gaslini, Genoa, Italy
3 Pediatric Oncohematology, Stem Cell Transplantation and Cell Therapy Division, AOU Citt�a della Salute e della Scienza-Regina
Margherita Children’s Hospital, Turin, Italy
4 Pediatric Hematology, Oncology and Stem Cell Transplant Division, University-Hospital of Padua, Padua, Italy
5 Department of Pediatric Hematology/Oncology and Hematopoietic Stem Cell Transplantation, Meyer Children’s University
Hospital, Florence, Italy
6 Department of Pediatric Hematology/Oncology, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
7 Pediatric Oncohematology, Azienda Ospedaliero Universitaria Pisana, Pisa, Italy
8 Pediatric Oncohematology and Bone Marrow Transplant Unit, Children’s Hospital, ASST Spedali Civili of Brescia, Brescia, Italy
9 Pediatric Oncology Unit, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy
10 Pediatric Hematology Oncology Unit, Department of Mother and Child, Azienda Ospedaliera Universitaria Integrata, Verona, Italy
11 Department of Pediatrics, Institute of Maternal and Child Health, IRCCS Burlo Garofolo, Trieste, Italy
12 Department of Pediatric Hemato-Oncology and Cellular Therapy, Azienda Sanitaria di Rilievo Nazionale Santobono-Pausilipon,
Napoli, Italy
13 Pediatric Oncology Unit, Azienda Ospedaliera Brotzu, Cagliari, Italy
14 Regional Reference Center for Pediatric Hematology and Oncology, Azienda Policlinico "G. Rodolico-San Marco", Catania,
Italy
15 Department of Pediatric Hematology and Oncology, Bambino Ges�u Children’s Hospital, Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS), Rome, Italy
16 Catholic University of the Sacred Heart, Rome, Italy
17 University of Turin, Turin, Italy
Financial disclosure: See Acknowledgments on page 530.e7.
*Correspondence and reprint requests: Davide Leardini, MD, Pediatric Hematology and Oncology, IRCCS Azienda Ospeda-

liero-Universitaria di Bologna, Bologna, Italy
E-mail address: davide.leardini3@studio.unibo.it (D. Leardini).

https://doi.org/10.1016/j.jtct.2024.03.002
2666-6367/© 2024 The American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtct.2024.03.002&domain=pdf
mailto:davide.leardini3@studio.unibo.it
https://doi.org/10.1016/j.jtct.2024.03.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtct.2024.03.002
https://doi.org/10.1016/j.jtct.2024.03.002
http://www.astctjournal.org


A. Prete et al. / Transplantation and Cellular Therapy 30 (2024) 530.e1�530.e8 530.e2
Article history:
Received 8 September
2023
Accepted 1 March 2024
A B S T R A C T
Despite aggressive multimodal treatment, the outcomes of pediatric patients with high-
risk (HR) neuroblastoma (NB) remain poor. The rationale for allogeneic hematopoietic
stem cell transplantation (allo-HCT) to treat NB was based on the possible graft-versus-
tumor effect; however, toxicity limits its efficacy. We sought to prospectively assess the
feasibility and efficacy of allo-HCT using a reduced-intensity conditioning regimen in
pediatric patients with HR NB in a multicenter phase II trial. Primary endpoints were the
rate of neutrophil and platelet engraftment, 5-year transplantation-related mortality
(TRM), and disease-free survival (DFS). Secondary endpoint measures included the inci-
dence of acute graft-versus-host disease (aGVHD) and chronic GVHD. Fifty-one patients
were enrolled in the study. The 5-year cumulative incidence (CuI) of TRM was 29.4 §
6.4%, and that of DFS was 11.8§ 4.5%. Patients undergoing allo-HCT within 1 year of diag-
nosis or with bone marrow as their stem cell source had a higher DFS probability. The CuI
of neutrophil engraftment, platelet engraftment, and grade II-IV aGVHD was 97.9 § 2.1%,
93.8 § 3.5%, and 47.1 § 7.0%, respectively. The development of new therapeutic strate-
gies could further improve disease control.

© 2024 The American Society for Transplantation and Cellular Therapy. Published by
Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION
Neuroblastoma (NB) is the most frequently

occurring extracranial pediatric tumor and the
most common solid tumor in children age
<5 years [1]. Patients with high-risk (HR) disease,
most of whom have metastatic disease at presen-
tation, are particularly challenging [2�5]. Current
multimodal protocols for HR NB include multi-
agent chemotherapy, surgical resection of the pri-
mary site, autologous hematopoietic stem cell
transplantation (auto-HCT), and radiotherapy [6].
In a large retrospective study by the Children’s
Oncology Group, HR NB patients had a 5-year
event-free survival (EFS) rate of 50.8% [7]. Out-
comes are even worse for patients relapsing after
first-line treatment or failing to respond, with a 4-
year overall survival (OS) rate of 20% [4].

Auto-HCT is currently used as consolidation
therapy for HR patients, offering improved dis-
ease-free survival (DFS) compared to standard
chemotherapy [8,9]. Consolidation with tandem
auto-HCT has shown even more favorable out-
comes, with a 3-year EFS rate of 61.6% [10]. The
recent introduction of immunotherapy targeting
GD2 with monoclonal antibodies and develop-
ment of new strategies, such as chimeric antigen
receptor T cell therapy, for relapsed or refractory
NB have shown promising outcomes [11]. How-
ever, long-term results of HR NB remain unsatis-
factory, with disease recurrence occurring in a
considerable proportion of patients [3,12,13].

Allogeneic HCT (allo-HCT) has been proposed
as an alternative to auto-HCT for treating HR
NB, although the latter shows a trend toward
improved survival, albeit without statistical
significance [14]. A retrospective study from the
Japanese Neuroblastoma Research Group showed
that in patients with HR NB, allo-HCT was predic-
tive of better EFS, although the prognosis
remained poor [15]. A retrospective analysis of
the Center for International Blood and Marrow
Transplant Research (CIBMTR) reported the out-
comes of HR and refractory NB patients receiving
allo-HCT, showing superior EFS for those who did
not undergo a previous auto-HCT [16]. Transplan-
tation-related mortality (TRM) represents a limi-
tation to the applicability of the procedure,
however [16]. We sought to determine the
effectiveness of allo-HCT with reduced-intensity
conditioning (RIC) in children with HR NB and an
available HLA-matched related or unrelated donor
on a prospective, multicenter phase II trial con-
ducted by the Associazione Italiana Ematologia
Oncologia Pediatrica (AIEOP).

METHODS
Study Design

This prospective, nonrandomized multicenter
phase II study designed by the AIEOP working
group on NB and HCT was conducted among 15
Italian centers. Details of each participating center
are provided in Supplementary Data. The study
protocol was approved by the Ethics Committee
of each center (study code 85/2005/O), and the
trial was performed in accordance with the Decla-
ration of Helsinki principles. Written informed
consent was provided by each patient’s legal
guardian.
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Patients
Eligible patients were those age �18 years at

initial diagnosis with HR NB, defined as Interna-
tional Neuroblastoma Risk Group Staging System
(INRGSS) [7,17] stage M NB, and those with
INRGSS stage L1-L2 with MYCN amplification.
Patients with HR NB were scheduled to receive
allogeneic allo-HCT as consolidation after com-
pleting the initial multimodal protocol. Patients
defined as non-HR at diagnosis who were nonre-
sponsive to first-line treatments or presented
with local and/or metastatic relapse at >6 months
from auto-HCT were eligible. Additionally,
patients diagnosed with HR NB who were refrac-
tory to treatment or experienced relapse were eli-
gible for inclusion. Exclusion criteria included the
presence of disease progression, severe organ dys-
function, life expectancy of <6 months, Karnofsky
Performance Status <60, and refusal of consent
for the study.

Procedures
Patients were scheduled to receive allo-HCT

from a matched family donor (MFD) or a 9/10 or
10/10 matched unrelated donor (MUD) using
either peripheral blood stem cell (PBSC) or bone
marrow (BM) grafts. The conditioning regimen
consisted of thiotepa at 15 mg/kg in 2 daily doses
on days -4 and -3 and melphalan at 140 mg/m2 on
day -1. Graft-versus-host disease (GVHD) prophy-
laxis was chosen based on donor type and stem
cell source. GVHD prophylaxis for MFD allo-HCT
consisted of cyclosporine A (CsA) administered at
2 mg/kg from day -4, and that for MUD allo-HCT
consisted of CsA at 2 mg/kg from day -4, metho-
trexate (10 mg/m2 on day +1 and 8 mg/m2 on
days +3, +6, and +11), and antithymocyte globulin
(ATG; Genzyme) at 2.5 mg/kg from day -4 to day
-2. CsA tapering was started on day +45 and inter-
rupted on day +90 in the absence of signs of
GVHD.

Outcomes
Primary outcome measures were the cumula-

tive incidence (CuI) of neutrophil and platelet
engraftment and 5-year TRM and DFS. Secondary
outcome measures included acute GVHD (aGVHD)
and chronic GVHD (cGVHD).

Statistical Analysis and Definitions
DFS was defined as the probability of being

alive and free from disease at a specific time point
after HCT. DFS was calculated using Kaplan-Meier
method and reported as probability and standard
deviation (SD) starting from the day of stem cell
infusion. TRM was defined as death from any
cause in the first 100 days after HCT or death
without evidence of disease progression/relapse
at any time point. TRM was calculated using CuI
to adjust the analysis for competing risks; relapse
was considered a competing risk and reported at
100 days, 1 year and 5 years after allo-HCT. Differ-
ences in DFS were evaluated by the log-rank test,
and differences in CuI were evaluated by Grey’s
test. A P value < .05 was considered statistically
significant in all analyses. The Wilcoxon rank-
sum test and Fisher exact test were used to
compare continuous and categorical clinical
variables. SPSS 24.0.0 for Windows (IBM) was
used for statistical analyses. aGVHD and cGVHD
were diagnosed and graded according to the
Glucksberg criteria [18]. Neutrophil engraft-
ment was defined as the first of 3 consecutive
days with an absolute neutrophil count
�.5 £ 109/L. Platelet engraftment was defined
as independence from platelet transfusion for
at least 7 days with a platelet count
>20 £ 109/L.
RESULTS
Patient Characteristics

The study cohort comprised 51 patients who
underwent allo-HCT at 15 Italian centers within
the AIEOP network between 2005 and 2015.
According to the inclusion criteria, 5 patients
(9.8%) were included for HR disease without
relapse or refractoriness to initial therapy, 35
patients (68.6%) for HR disease with relapse
occurring at least 6 months after auto-HCT, 9
patients (17.6%) for HR disease refractory to initial
therapy, and 2 patients (3.9%) for non-HR disease
with relapse occurring at least 6 months after
auto-HCT. Patients received first-line treatment
according to the HR-NBL-1.7/SIOPEN protocol and
its subsequent amendments. Forty-nine patients
(96.0%) were metastatic at diagnosis, and 9
patients were declared refractory during first-line
treatment at a median of 8 months (range, 4 to 9
months), after receipt of the induction phase in 3
patients and the induction phase plus auto-HCT in
6 patients. Thirty-seven patients (72.5%) relapsed
at a median of 19.0 months (interquartile range
[IQR], 16.0 to 26.0 months) from diagnosis.
Detailed patient and donor clinical information is
reported in Table 1. The median age at study entry
was 7.1 years (IQR, 5.3 to 9.1 years). The median
follow-up after allo-HCT was 21.7 months (IQR,
7.6 to 38.1 months). Thirty-nine patients (76.5%)
had undergone a prior auto-HCT. Allo-HCT was
performed at a median of 20.4 months (IQR, 11.5



Table 1
Patient Characteristics (n = 51)

Characteristic Value

Age at diagnosis, yr, median (IQR) 4.3 (3.0-6.3)

Sex, n (%)

Male 32 (62.7)

Female 19 (37.3)

Number of previous auto-HCT, n (%)

0 12 (23.5)

1 39 (76.5)

Disease status before HCT, n (%)

Complete response 9 (17.6)

Very good partial response 10 (19.6)

Partial response 20 (39.2)

Stable disease 12 (23.6)

MYCN status, n (%)

MYCN amplified 10 (19.6)

MYCN gain 9 (17.6)

MYCN nonamplified 21 (41.2)

NE 11 (21.6)

Indication for allo-HCT, n (%)

HR disease without relapse or disease refractory to initial therapy 5 (9.8)

HR with disease relapse at least 6 mo after auto-HCT 35 (68.6)

HR refractory to initial therapy 9 (17.6)

Non-HR with disease relapse at least 6 mo after auto-HCT 2 (3.9)

Age at HCT, yr, median (IQR) 7.1 (5.3-9.1)

Time from diagnosis to HCT, yr, median (IQR) 2.2 (1.4-3.0)

Type of donor, n (%)

MFD 27 (51.9)

MUD 24 (47.1)

Stem cell source, n (%)

BM 45 (88.2)

PBSCs 6 (11.8)

Donor-recipient sex mismatch, n (%)

Female/female 9 (17.6)

Female/male 12 (23.6)

Male/female 10 (19.6)

Male/male 18 (35.3)

Missing 2 (3.9)

Donor/recipient CMV serostatus, n (%)

-/- 10 (19.6)

-/+ 11 (21.6)

+/- 5 (9.8)

+/+ 21 (41.2)

Missing 4 (7.8)

Follow-up after HCT, mo, median (IQR) 21.7 (7.6-38.1)

NE indicates not evaluable.
Amplification: in FISH analysis, >4-fold increase of theMYCN signal number in relation to the number of chromosome 2.
Gain: in FISH analysis, a 2- to 4- fold excess ofMYCN copies in relation to the reference probe on chromosome 2.
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to 28.4 months) after auto-HCT. Twenty patients
(39.2%) were in partial response or stable disease
at the time of allo-HCT. Twenty-seven patients
underwent allo-HCT from an MFD (51.9%), and 24
underwent MUD allo-HCT (47.1%). The stem cell
source was BM in 45 patients (88.2%) and PBSCs
in 6 patients (11.8%). The median total nucleated
cell count for those receiving BM grafts was
4.9 £ 108/kg (IQR, 3.6 to 7.1 £ 108/kg), and the
median CD34+ cell count for those receiving PBSC
grafts was 11.3 £ 106/kg (IQR, 6.2 to 19.9 £ 106/
kg). None of the patients received any consolida-
tion or maintenance therapy after allo-HCT.
Primary Outcomes
Forty-six patients have died, 30 (65.2%) from

disease progression; causes of death are reported
in Table 2. No patient died from disease progres-
sion before day +100 after allo-HCT. The median
follow-up of the 5 surviving eligible patients was
7.5 years (IQR, 6.3 to 9.0 years). The CuI of neutro-
phil and platelet engraftment at 100 days of the
51 patients was 97.9% § 2.1% and 93.8% § 3.5%,
respectively. No patients experienced primary or
secondary graft failure. Five-year, one-year and
100-days TRM was 29.4% § 6.4%, 17.7% § 5.3%,
and 5.9% § 3.3%, respectively (Figure 1A). Five-
year TRM for patients receiving allo-HCT from
MFD and MUD was 22.2% § 8.0% and 37.5% § 9.9%
(p = .255), respectively (Figure 1B). Among
patients receiving allo-HCT from MUD, five-year
TRM for patients receiving a 9/10 or 10/10 match
was 52.9% § 15.8% and 30.0% § 14.5% (p = .630),
respectively. Five-year DFS was 11.8% § 4.5%
(Figure 1C). DFS for patients receiving allo-HCT
from MFD and MUD was 14.8% § 6.8% and 8.3% §
5.6% (p = .086), respectively (Figure 1D). In
patients receiving allo-HCT from MUD with 9/10
or 10/10 match, five-year DFS was not signifi-
cantly different (7.1% § 6.9% vs 10.0% § 9.5%
(p = .577). The univariable Cox proportional haz-
ards regression testing clinical variables and their
influence on 5-year TRM and DFS is reported in
Table 2
Causes of Death (n = 46)

Cause No. (%)

Disease progression 30 (65.2)

Multiorgan failure 8 (17.4)

Septic shock 2 (4.3)

Hemorrhage 1 (2.2)

Chronic GVHD 1 (2.2)

Not available 4 (8.7)
Table 3. For TRM, there was no association with
the clinical variables analyzed, including sex, age
at diagnosis, disease status before allo-HCT, previ-
ous HCT, time from diagnosis to allo-HCT, donor,
cell source, donor’s age, grades II to IV aGVHD or
all stages of cGVHD. For DFS, receiving an allo-
HCT within 12 months from the initial diagnosis,
which occurred in 12 patients, and using BM as
the graft source, were associated with superior
DFS. Specifically, HCT earlier than 12 months
from diagnosis compared to those greater than
12 months post-diagnosis had a DFS of 40.0% §
21.9% vs 8.7% § 4.2% (p = .013), while patients
receiving BM compared to PBSC presented a DFS
of 13.3% § 13.1% vs 0% § 0% (p < .001). We also
analyzed the effect of aGVHD on DFS. Patients
who developed grade II to IV aGVHD showed a
tendency towards improved DFS, although this
trend did not reach statistical significance. More-
over, when comparing the incidence of death due
to disease progression between patients who
developed grade II-IV aGVHD and those who did
not, we did not find a statistically significant dif-
ference (p = .855).

Secondary Outcomes
The CuI of aGVHD at 100 days was 47.1 § 7.0%

grade II-IV and 15.7 § 5.1% for grade III-IV. The
CuI of grade II-IV aGVHD at 100 days was 41.2 §
9.7% for patients receiving MFD allo-HCT and 53.5
§ 7.1% for recipients of MUD allo-HCT (P = .377).
The CuI of grade III-IV aGVHD at 100 days was
15.4 § 7.1% for patients receiving MFD allo-HCT
and 17.4 § 7.9% for MUD allo-HCT recipients
(P = .920), respectively. The CuI of limited cGVHD
was 19.8 § 11.4%, and that of extensive cGVHD
was 8.3 § 3.3%. The CuI of limited cGVHD was
17.4 § 6.1% for patients receiving MFD allo-HCT
and 21.3 § 8.9% for MUD allo-HCT recipients
(P = .677), and the CuI of extensive cGVHD for the
2 groups was 6.7 § 11.3% and 10.4 § 10.0%,
respectively (P = .830).

DISCUSSION
The choice of treatment for HR NB is compli-

cated, considering the very low survival rates.
Here we report the results of a prospective multi-
center trial on the use of MFD or MUD allo-HCT
using a RIC regimen for the treatment of HR NB. In
this cohort, 90% overall mortality was recorded. In
this scenario, TRM was low and related mainly to
disease progression. Patients in the AIEOP registry
undergoing allo-HCT for HR NB between 2002
and 2020 with a myeloablative conditioning regi-
men had a 5-year TRM of 48.4 § 8.4%



Table 3
Univariable Analysis of Clinical Variables and Their Influence on 5-Year TRM and DFS

Covariate 5-yr TRM 5-yr DFS

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P

Female sex .8 (.5-1.4) .433 1.1 (.8-1.5) .580

Age at diagnosis <36 mo 1.1 (.6-2.1) .697 .9 (.7-1.3) .676

Complete remission before allo-HCT 1.0 (.7-1.4) .895 1.2 (.9-1.5) .258

MYCN amplification 1.2 (.6-2.4) .640 .8 (.6-1.1) .222

Previous auto-HCT 1.6 (.8-3.4) .202 1.3 (.9-1.9) .157

Time from diagnosis to allo-HCT <12 mo 1.8 (.6-5.0) .265 2.0 (1.1-3.6) .002

Donor (MFD) 1.5 (.9-2.6) .093 1.3 (1.0-1.7) .090

Cell source (BM) 1.6 (.7-3.5) .231 2.3 (1.4-3.8) <.001

Donor age <10 yr 1.4 (.7-3.0) .355 1.2 (.8-1.8) .309

aGVHD grade II-IV vs 0 .6 (.4-1.1) .099 .7 (.5-1.0) .052

Chronic GVHD .7 (.3-1.5) .346 .8 (.6-1.2) .272

Bold type indicates statistical significance.
CI indicates confidence interval.

Figure 1. CuI of TRM for the entire cohort (A) and by donor type (B). Kaplan-Meier estimates of DFS for the entire cohort
(C) and by donor type (D).
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(Supplementary Table S1, Supplementary Figure
S1). Although comparing our results with those
from the AIEOP registry suggests that an RIC regi-
men may lower the incidence of TRM, it is impor-
tant to interpret this data cautiously because of
the high heterogeneity of the 2 cohorts. However,
given these findings, a phase III study comparing
myeloablative and RIC regimens may be pro-
posed. Indeed, despite low transplantation-
related toxicity, the 5-year DFS probabilities from
transplantation were dismal. We also noted a
high CuI of aGVHD in our cohort despite the use
of standard prophylactic regimens, as reported by
other authors [15], suggesting that the inclusion
of alternative prophylactics may be considered in
this context. These results are comparable to find-
ings in previous retrospective studies on NB
patients receiving allo-HCT. Hale et al. [16] ana-
lyzed 143 allo-HCTs in patients with NB in the
CIBMTR registry and reported a 5-year TRM and
DFS of 25% and 20%, respectively. Hara et al. [15]
reported the outcomes of 22 patients receiving
allo-HCT from MSD and MFD, with a 3-year pro-
gression-free survival and OS of 15.3% and 16.9%,
respectively. Regarding the clinical outcomes
impacting TRM, no significant associations were
identified in our cohort. Interestingly, however,
patients undergoing allo-HCT within 12 months
after diagnosis with BM as the stem cell source
had a higher DFS probability. Moreover, patients
who developed grade II-IV aGVHD exhibited a
trend toward a better DFS that was not associated
with a lower rate of death from disease progres-
sion. A graft-versus-neuroblastoma effect was
described for in vitro models [19,20]; however, no
definitive clinical evidence has been provided
[21]. Our data thus support the concept that
GVHD occurrence does not predict a lower disease
progression in NB patients, as was also suggested
by the CIBMTR experience [16]. The use of post-
transplantation therapeutic strategies to improve
the allogeneic effect has been hypothesized. In
fact, evidence of an effect of donor lymphocyte
infusion was demonstrated in animal models and
in a case report; however, no definitive evidence
from clinical trials is available [19,22]. Addition-
ally, the use of adoptive donor natural killer (NK)
cell therapy has been explored in recent years
based on the evidence reported for acute leuke-
mia [23,24]. Illhardt et al. [25] reported the results
of 26 patients affected by relapsed/refractory (R/
R) NB undergoing haploidentical HCT showing an
OS of 19% and an EFS of 23%. Of note, outcomes
were similar to those previously reported for
MUD and sibling donors without a significant
effect of KIR mismatch. A later study from Flaadt
et al. [26] reported the results of haploidentical
HCT followed by anti-GD2 antibody and IL-2 in R/
R NB that resulted in a 5-year EFS of 43%, suggest-
ing that the NK-mediated graft-versus-neuroblas-
toma effect may be enhanced by post-HCT
immunotherapy. Future studies could provide
more insight into the graft-versus-neuroblastoma
effect in the haploidentical setting. These results
also should be interpreted in an expanding sce-
nario of novel approaches that may be integrated
in the post-transplantation setting, such as GD2-
targeting chimeric antigen receptor T cell therapy,
both autologous and allogeneic, which has shown
highly promising results for R/R NB [11], and
other targeted therapies, such as lorlatinib in ALK-
driven R/R NB, or other immunotherapies [27,28].
CONCLUSION
In summary, this study confirms that HLA-

matched allo-HCT based on an RIC regimen in HR
NB is feasible and associated with low TRM.
Despite this safety profile, however, patient prog-
nosis remains dismal owing to a high frequency of
disease progression. The benefit of allo-HCT with
an RIC regimen appears to be more effective in
disease control when performed within 12 moths
after diagnosis and using BM as the stem cell
source. In the setting of HR NB, donor T cell-medi-
ated alloreactivity did not result into a significant
graft-versus-neuroblastoma effect capable of con-
trolling disease recurrence or progression.
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