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A B S T R A C T

Introduction: Haploidentical peripheral stem cell transplantation with post-transplant cyclo-

phosphamide is the most common modality in low-and-middle-income countries. This

article reports the consecutive adult patients who received this modality of transplant in a

single center in Chile between 2016-2021.

Methods: The primary outcome was overall survival. Secondary outcomes were event-free

survival, II-IV acute graft-versus-host disease at Day +100, chronic graft-versus-host dis-

ease at two years and cumulative incidence of relapse.

Results: The median age was 25 years (Range: 15-51), and 65 % of patients were male.

Ninety-four percent had a neoplastic disease (77/82), with the most common diagnosis

being acute lymphoblastic leukemia (57 %). Forty-seven percent proceeded to transplant in

the first complete response. Conditioning was mostly myeloablative (96 %). Primary graft

failure and poor graft function were observed in 1.2 % and 13 %, respectively with five

patients (6.1 %) dying before engraftment. Grade II-III acute graft-versus-host disease was

seen in 29 % and chronic graft-versus-host disease was 41 % of the patients. With a median

follow-up of 33 months (Range: 1-84), the estimated three-year overall survival and event-

free survival were 68.3 % (95 % CI: 59−79 %) and 64.6 % (95 % CI: 55−76 %), respectively. The

three-year cumulative incidence of relapse was 23 % (95 % CI: 15−33 %).

Conclusion: These results demonstrate encouraging survival outcomes and acceptable rates

of graft-versus-host disease following haploidentical peripheral stem cell transplantation

with post-transplant cyclophosphamide, suggesting its potential as a feasible option in

low-resource settings.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-

HSCT) offers a therapeutic option for varied neoplastic and

non-neoplastic hematologic diseases. In patients without a

matched sibling donor (MSD), alternative sources like HLA-

matched unrelated donors (MUD) or umbilical cord, have

extended the access to this therapy, but usually associated

with a longer latency, and higher complexity and cost. In this

context, the option of haploidentical (Haplo) related donors

identifies suitable donors for almost 95 % of patients. This

alternative source has become a valid option for ethnic

minorities and for low- and middle-income countries (LMIC)

with limited access to MUD.

Haplo-HSCT was introduced in Chile for the first time at

the Luis Calvo Mackenna Children Hospital, with technologi-

cal support of the St. Jude Children’s Research Hospital pro-

viding encouraging results. However, the complexity and cost

of ex-vivo T-lymphocyte depletion prevented its widespread

use [1,2]. In 2001, investigators from Johns Hopkins Hospital

published a Phase I/II trial of Haplo-HSCT with in-vivo T-lym-

phocyte depletion with post-transplant cyclophosphamide

(Haplo-PTCy) [3]. Using this platform, meta-analysis and non-

randomized studies have shown similar or even, better

results, when Haplo donors are compared with MSD and MUD

[4−7]. These results explain why this modality of hematopoi-

etic stem cell transplantation (HSCT) has increased world-

wide [8,9]. In 2020, Sarmiento et al. reported the first local

series including 49 cases in a private institution with a three-

year overall survival (OS) of 48 % [10]. At the public level, a

national adult HSCT program for public health insurance

patients, was implemented in 2010. Limited transplantation

teams and budgets forced to impose important access limita-

tions in age and donor type. At the beginning only allo-HSCT

recipients up to 40 years old with an MSD were included.

MUD transplantation was not considered given its high cost

and the low chance of successful searches for ethnic minori-

ties, like those of Chile. In 2016, Haplo-PTCy was incorporated

for patients up to 40 years of age, and expanded up to 60 years

in 2019. The aim of this study is to describe the outcomes of

the first 82 consecutive adult Haplo-PTCy transplants

between 2016-2021 at the main public center of the Chilean

national HSCT program.

Materials and methods

Patients

All patients that received an Haplo-PTCy at the Intensive

Hematological Unit, Hospital del Salvador, from 2016 to 2021

were included. As mentioned, all cases belonged to the

national HSCT program, and were approved by a national

adult HSCT committee following a specific Haplo-HSCT proto-

col established in 2016. Inclusion criteria were age ≥15 and

≤40 from 2016-2018 and ≤60 years old since 2019, Eastern

Cooperative Oncology Group (ECOG) performance status <3,

no concomitant active cancer, and adequate organ function.

For patients with acute leukemias, complete response before

transplantation was mandatory. This study was performed

according to the Helsinki declaration and was approved by

the institutional ethics committee.

Endpoint and definitions

The main endpoints were event-free survival (EFS), OS, cumu-

lative incidence of relapse (CIR), non-relapse mortality (NRM)

at two years and graft-versus-host disease (GvHD)-free,

relapse-free survival (GRFS) at one year after transplantation.

Secondary endpoints were incidence of Grade II-IV acute

graft-versus-host disease (aGvHD) at Day +100 and chronic

GvHD (cGvHD) at two years. OS was calculated from the day

of infusion until the last visit or death by any cause. Glucks-

berg criteria were used for aGvHD [11,12]. Chronic GvHD was

graded using the National Institutes of Health (NIH) criteria

[13]. NRM was defined as death from any cause other than

relapse. EFS was calculated from the day of infusion until the

day of relapse, graft failure or death. GRFS was defined as one

year post-transplant survival without Grade III-IV aGvHD,

systemic therapy required for cGvHD, relapse, or death.

The haploidentical donor was defined based on molecular

techniques for HLA-A, HLA-B and HLA-DRB1 loci. Disease

stage at the time of transplantation was classified by the Dis-

ease Risk Index (DRI) [14]. The hematopoietic cell transplanta-

tion-specific comorbidity index (HCT-CI) was used to stratify

patients according to pre-transplant comorbidities [15].

Myeloablative conditioning (MAC) was defined as a regi-

men containing either total body irradiation with a dose

greater than 6 Gy, a total dose of oral busulfan greater than

8 mg/kg bodyweight, or a total dose of intravenous busulfan

>6.4 mg/kg bodyweight [16].

Cytokine release syndrome (CRS) was defined as post-infu-

sion fever up to Day +6, with no clinical focus nor microbio-

logic agent identified and classified according to Lee

(Supplementary Table 1) [17]. Neutrophil engraftment was

defined as the first day of an absolute neutrophil count

≥0.5 £ 109/L lasting for three or more consecutive days and

platelet engraftment as ≥20.0£109/L for five consecutive days

without transfusional support. Graft failure (GF) was defined

as either lack of initial engraftment of donor cells (primary

graft failure) or loss of donor cells after initial engraftment

(secondary graft failure) with donor chimerism ≤5 %. Engraft-

ment syndrome (ES) was defined as the presence of fever,

weight gain, skin rash, and/or respiratory distress according

to Spitzer classification [18]. Poor graft function (PGF), as fre-

quent dependence on blood and/or platelet transfusions and/

or growth factor support with donor chimerism >5 % in the

absence of relapse, drugs, or infections [19]. Quality of life was

evaluated based on Karnofsky performance scale.

Treatment

Hematopoietic progenitors were obtained from unmanipu-

lated peripheral blood mobilization. The best donor was

selected, prioritizing negative specific anti-HLA antibodies

(DSA) and crossmatch: age <40 years, male gender, ABO com-

patibility and lower parity of female donor. The conditioning

protocols are shown in Table 1 [20−23].
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Patients were hospitalized in individual isolation units

with positive pressure and 4th generation high efficiency par-

ticulate air filters and were assisted by a multidisciplinary

Intensive Hematology team. According to the institutional

protocol, filgrastim 300 mcg/d sc was universally used from

Day +5 until absolute neutrophil count (ANC) >1000.

Additional filgrastim, erythropoietin and eltrombopag were

allowed if sustained or progressive cytopenias due to infec-

tions, drug toxicity, PGF or GF were observed.

Acute GvHD prophylaxis was performed with cyclosporine

aiming at levels between 250 and 350 ng/mL from Day +5,

mycophenolate 1 g every 8 h orally from Day +5 to Day +35

and in vivo T-cell depletion with cyclophosphamide 50 mg/kg

bodyweight iv, on Days +3 and +4 [24].

Antibacterial prophylaxis with ciprofloxacin, acyclovir and

fluconazole was used. Febrile neutropenia was managed

according to the institutional protocol. Acute GvHD was

treated according to its severity. Briefly, global Stage I cases

were observed or treated with topical or low-dose systemic

steroids (equivalent to prednisone 0.5 mg/kg bodyweight/

day). Stage II were treated with standard dose steroids (pred-

nisone 1 mg/kg bodyweight/dose). For Stage III-IV aGvHD,

high-dose steroids (prednisone 2 mg/kg bodyweight/dose)

were used as first line and calcineurin inhibitors were opti-

mized or restarted. If no response was achieved, mycopheno-

late or methotrexate was used as second-line treatments.

Ruxolitinib was not available during the study period.

Discharge was indicated when engraftment, full oral medi-

cation and fluid intake >2.5 L/24 h were achieved. Cyclospor-

ine levels were monitored weekly and cytomegalovirus (CMV)

by real time polymerase chain reaction (RT-PCR) biweekly

until Day +100. CMV reactivation was defined as a viral load

exceeding 1000 copies/mL. CMV disease was diagnosed in

cases of clinical signs and symptoms. Preemptive treatment

with valganciclovir was used as the first choice in cases of

CMV reactivation. Ganciclovir was used in CMV disease. Fos-

carnet was used in case of severe cytopenias or ganciclovir

refractoriness.

Statistical analysis

All epidemiological data and clinical characteristics of the

patients were expressed as frequencies with percentages for

categorical variables and the mean with range for numeric

variables. OS and EFS were estimated using the Kaplan-Meier

method. The cumulative incidence of relapse was calculated

using relapse as the primary event and death without relapse

as a competing event. R software was used for statistical

analysis.

Results

The characteristics of patients, donors and conditioning regi-

mens are shown in Table 1. Eighty-five haploidentical trans-

plants were performed during the period of analysis. Three

second Haplo-PTCy were excluded. Mean age was 25 years

(Range: 15-51 years), 94 % (77/82) were for neoplastic diseases

with the most common diagnosis (57 %) being acute lympho-

blastic leukemia. Sixty-one percent of patients underwent

transplants less than one year after diagnosis and 47 % pro-

ceeded to transplant in the first complete response. Most

patients (76 %) had low-risk HCT-CI scores. Conditioning was

mostly myeloablative (96 %). The median number of CD34+

cells infused was 8.02 £ 106/kg bodyweight (Range: 2.42-

10.02£106/kg bodyweight). No patient needed a

Table 1 – Patient and transplantation characteristics
(n = 82).

n, (%)

Age, median (years) - n (range) 25 (15-51)

Male sex - n (%) 56 (68)

Disease - n (%)

ALL 47 (57)

AML/MDS 25 (31)

SAA 3 (4)

PNH 2 (2)

HL 2 (2)

CML 2 (2)

BPDCN 1 (1)

DRI - n (%)

Low 9 (11)

Intermediate 46 (56)

High 25 (30)

Not assessed 2 (2)

HCT-CI - n (%)

Low 60 (75)

Intermediate 17 (21)

High 4 (5)

Type of conditioning - n (%)

Flu (120 mg/m2) TBI (6£2Gy) 34 (41)

Bu (16 mg/kg/PO) Flu (120 mg/m2) 26 (32)

Cy (120 mg/kg) TBI (2£6Gy) 10 (12)

Bu (16 mg/kg/PO) Cy (120 mg/kg) 5 (6)

Flu (150 mg/m2) Cy (29 mg/kg) ATG (7.5 mg/m2)

TBI (2 Gy)*

4 (5)

Bu (8 mg/kg/oral) Flu (150 mg/m2) Cy (29 mg/kg)* 3 (4)

Donor relationship - n (%)

Sibling 49 (60)

Parent 17 (21)

Other 16 (19)

Donor-Specific Antibodies - n (%)

Negative 71 (87)

Positive 1 (1)

Not assessed 10 (12)

ABO Incompatibility - n (%)

No/Minor 69 (84)

Major/bidirectional 13 (16)

Donor/Receptor CMV status - n (%)

D+/R+ 70 (85)

D+/R- 8 (10)

D-/R+ 3 (4)

D-/R- 1 (1)

ALL: Acute lymphoblastic Leukemia; AML/MDN: Acute Myeloid

Leukemia/myelodysplastic neoplasms; SAA: Severe Aplastic Ane-

mia; CML: Chronic Myeloid leukemia; PNH: Paroxysmal Nocturnal

Hemoglobinuria; HL: Hodgkin Lymphoma; BPDCN: Blastic Plasma-

cytoid Dendritic Cell Neoplasm; PBSC Peripheral Blood Stem Cell; *:

Reduced Intensity Conditioning; PO: orally; FLU Fludarabine; TBI

Total Body Irradiation; Bu Busulfan; ATG Thymoglobulin; Cy Cyclo-

phosphamide; GVHD Graft versus Host Disease; CNI Calcineurins;

MMF Mycophenolate Mofetil; PT-Cy Post Transplant Cyclophos-

phamide; D donor; R recipient.
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desensitization regimen. All patients received aGvHD prophy-

laxis with the planned protocol. PHSP were used in all

patients, including those with non-malignant diseases, to

reduce the risk of graft failure and to avoid the risk of SARS-

CoV2 transmission during the pandemic [25].

Early post-transplantation events

Grade 1-2 CRS was seen in 83 % however no Grade 3-4 CRS

was observed. Almost all (98 %) patients had mucositis and

61 % needed parenteral nutrition, with a median duration of

11 days (Range: 2-29 days). All patients had at least one FN

episode, 56 % with a gastrointestinal focus. Bacteremia was

observed in 23 % of the patients, with Staphylococcus epidermi-

dis being the most common agent. Eighteen percent of

patients had a probable invasive aspergillosis.

Neutrophil engraftment was achieved in 96 % of patients,

(Median: Day +17; Range: 11-25). Platelet engraftment

(>20 £ 109/L) was achieved in 95 %, (Median: Day +19; Range:

9-84) and platelets >50£109/L (Median: Day +19; Range: 10-

175). PGF was observed in 11 (13 %) patients. Eltrombopag was

used in 37 %.

Criteria for ES were identified in 21 (26 %) patients; two

patients required low-dose vasopressor drugs or non-invasive

ventilatory support, both for less than 48 hours. All patients

had a good response with low dose steroids. No mortality was

observed.

The incidence of Grade II-IV aGvHD and Grade III-IV at

100 days were 29 % and 5 %, respectively. Grade IV was not

observed (Table 2). The median onset was on Day +31 (Range:

13-83): most (89 %) had a good response to oral prednisone

(0.5-1 mg/kg bodyweight) with only three (4 %) receiving

2 mg/kg bodyweight. Mycophenolate was used as the second

line in four patients and methotrexate in one.

The present cohort showed a two-year incidence of cGvHD

of 41 % (31/75) with a median time of presentation on Day

+187 (Range: 112-562). Nine (12 %) patients developed moder-

ate-to-severe cGvHD requiring systemic treatment. Overall,

complete response was observed in 25 (33.3 %), and partial

response in 5 (6.7 %) patients with one patient presenting pro-

gressive disease. There were two cGvHD -related deaths, one

due to refractory pulmonary cGvHD and one with systemic

progression due to poor treatment compliance.

Cytomegalovirus (CMV) reactivation was observed in 63 %

(50/82) of patients at a median of Day +37 (Range: 15-77). Of

these patients, four developed CMV disease. The median viral

load for these reactivations was 1595 copies/mL (Range: 39-

87,000). Treatment with valganciclovir was effective in 66 % of

cases. Four patients required treatment with ganciclovir, and

one patient received foscarnet. Three patients (4 %) developed

post-transplant lymphoproliferative disorder, with one

requiring chemotherapy.

Main endpoints

With a median follow-up of 33 months (Range: 1-84), the esti-

mated three-year EFS and OS of the whole cohort were 64.6 %

(95 % confidence interval [95 % CI]: 55-76 %) and 68.3 % (95 %

CI: 59-79 %), respectively. Patients with neoplastic disease

(n = 77), had a three-year CIR of 23 % (95 % CI: 15-33 %). The

two-year NRM cumulative incidence was 13.4 % (95 % CI: 12.2-

14.8 %). GRFS at one year was 40.2 % (Figure 1).

Cause of death

As a whole, 26 patients died, 16 due to relapse at a median

Day +250 (Range: 81-510), eight due to transplant related mor-

tality (three to sepsis before engraftment from Klebsiella

pneumoniae carbapenemase-producing bacteria when spe-

cific antibiotic therapy was not available, two due to second-

ary GF, one on Day +53 due to aGvHD and two on Days +273

and +276 due to cGvHD). Two patients died due COVID-19

pneumoniae on Days +97 and +228.

Discussion

This is the first account of Haplo-PTCy in the public health

system in Chile. It reports the experience in 82 consecutive

patients, showing that it is a feasible and safe procedure to be

considered in the absence of an MSD.

These results are encouraging, similar to other adult

cohorts using peripheral blood stem cells [7,25−30]. The two-

year OS in those studies range between 57- 68 %, while our

cohort shows a 3-year OS of 68 %. Regarding aGvHD, the inci-

dence of Grade II-IV aGvHD was also consistent with the

results previously reported by other groups, ranging from 18

−42 % globally, and 8−14 % for Grade III-IV, compared with

29 % and 5 % in the preset study, respectively. The two-year

cumulative NRM incidence of 0.134 is also similar to that

reported in the same studies (16−28 %), as well the two-year

CIR of 0.22 (Range: 17−36 %). Finally, our study also shows a

good quality of life after Haplo-PTCy with a one-year GRFS of

40 %, compared with 23−43 % in the literature.

Table 2 – Acute Graft-Versus-Host staging (n = 82).

n (%)

Skin aGVHD 40 (49)

I 17 (21)

II 12 (15)

III 11 (13)

IV 0 (0)

Liver aGVHD 2 (2)

I 0 (0)

II 2 (2)

III 0 (0)

IV 0 (0)

Upper gastrointestinal aGVHD 30 (37)

I 27 (33)

II 3 (4)

III 0 (0)

IV 0 (0)

Lower gastrointestinal aGVHD 4 (5)

I 1 (1)

II 2 (2)

III 1 (1)

IV 0 (0)

Data is presented in simple rates at Day +100, and using the

Glucksberg criteria (see text).

aGVHD: Acute Graft-versus-Host Disease.
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When comparing the OS, EFS, CIR and GRFS of the cur-

rent study to the aforementioned reports, one must con-

sider that this was a carefully selected cohort of young

patients. The median age was 25 years (compared to 41-

60 years in other studies), and all patients met strict

response criteria before transplantation (every patient

with acute leukemia was in CR). These variables have

been consistently identified as significant good risk factors

for OS and EFS after HSCT [15,31,32]. Furthermore, studies

of Haplo-PTCy in children with acute lymphoblastic leuke-

mia, with a median age of 10-12 years, from Spain and

China, have shown OS of 59−82 % resembling the OS of

our young cohort [33,34]. Another factor could be the

young age of most of the donors, with a median of

29 years of age (Range: 15-63). Younger donors have also

been associated with better outcomes in the Haplo-PTCy

setting [35].

This study has several limitations. As mentioned, it is a

single-center cohort with a relatively small number of highly

selected patients, and it is not possible to compare directly

with prior studies. Additionally, we could not compare it with

other types of donors, namely MSD (low number of cases) or

MUD (not available).

Conclusions

In conclusion, the experience of this center adds to the evi-

dence that Haplo-PTCy is a safe and effective allogeneic

transplant option, when following strict inclusion criteria.

The results are comparable to the literature and stand out as

the center is a public institution in a LMIC characterized by

less investment and facilities in public health.

Author contribution

BP: Concept/design, Data collection, Data analysis/interpreta-

tion, Drafting article, Critical revision of article, Approval of

article, Statistics; FB: Data collection, Critical revision of arti-

cle, Approval of article; JM: Concept/design, Drafting article,

Critical revision of article, Approval of article; RB: Data analy-

sis/interpretation, Drafting article, Critical revision of article,

Approval of article, Statistics; AA: Concept/design, Critical

revision of article, Approval of article; AM Concept/design,

Critical revision of article, Approval of article; MEC: Data anal-

ysis/interpretation, Drafting article, Critical revision of article,

Approval of article; MK: Concept/design, Data analysis/inter-

pretation, Drafting article, Critical revision of article, Approval

of article

Conflicts of interest

The authors declare no conflicts of interest.

Supplementary materials

Supplementary material associated with this article can be

found in the online version at doi:10.1016/j.htct.2025.103982.

r e f e r enc e s

1. Lang, P., Greil, J., Bader, P., Handgretinger, R., Klingebiel, T.,
Schumm, M., et al. Long-term outcome after haploidentical

Fig. 1 –Overall survival (A), event-free survival (B), GVHD-free, relapse-free survival (C) and non-relapse mortality (D).

hematol transfus cell ther. 2025;47(4):103982 5

https://doi.org/10.1016/j.htct.2025.103982


stem cell transplantation in children. Blood cells Mol Dis, 33(3),
281−287. https://doi.org/10.1016/j.bcmd.2004.08.017.

2. Palma, J., Salas, L., Carri�on, F., Sotomayor, C., Catal�an, P., et al.
Haploidentical stem cell transplantation for children with
high-risk leukemia. Pediatr Blood Cancer, 59(5), 895−901.
https://doi.org/10.1002/pbc.24022.

3. Luznik, L., Jalla, S., Engstrom, L.W., Iannone, R., & Fuchs, E.J.
Durable engraftment of major histocompatibility complex-
incompatible cells after nonmyeloablative conditioning with
fludarabine, low-dose total body irradiation, and posttrans-
plantation cyclophosphamide. Blood, 98(12), 3456−3464.
https://doi.org/10.1182/blood.v98.12.3456

4. Meybodi, M.A., Cao, W., Luznik, L., Bashey, A., Zhang, X., et al.
HLA-haploidentical vs matched-sibling hematopoietic cell
transplantation: a systematic review and meta-analysis. Blood
Adv, 3(17), 2581−2585. https://doi.org/10.1182/bloodadvan
ces.2019000614

5. Shem-Tov, N., Peczynski, C., Labopin, M., It€al€a-Remes, M.,
Blaise, D., et al. Haploidentical vs. unrelated allogeneic stem
cell transplantation for acute lymphoblastic leukemia in first
complete remission: on behalf of the ALWP of the EBMT. Leuke-
mia, 34(1), 283−292. https://doi.org/10.1038/s41375-019-0544-3

6. Sanz, J., Galimard, J.E., Labopin, M., Afanasyev, B., Sergeevich,
M.I., et al. Post-transplant cyclophosphamide containing regi-
mens after matched sibling, matched unrelated and haploi-
dentical donor transplants in patients with acute
lymphoblastic leukemia in first complete remission, a com-
parative study of the ALWP of the EBMT. J Hematol Oncol, 14(1),
84. https://doi.org/10.1186/s13045-021-01094-2

7. Nagler, A., Labopin, M., Houhou, M., Aljurf, M., Mousavi, A., et
al. Outcome of haploidentical versus matched sibling donors
in hematopoietic stem cell transplantation for adult patients
with acute lymphoblastic leukemia: a study from the acute
leukemia working party of the European society for blood and
marrow transplantation. J Hematol Oncol, 14(1), 53. https://doi.
org/10.1186/s13045-021-01065-7

8. Correa, C., Gonzalez-Ramella, O., Baldomero, H., Basquiera, A.
L., Baena, R., et al. Worldwide network for blood and marrow
transplantation (WBMT) increasing access to hematopoietic
cell transplantation in Latin America: results of the 2018
LABMT activity survey and trends since 2012. Bone Marrow

Transplant, 57(6), 881−888. https://doi.org/10.1038/s41409-022-
01630-9

9. Passweg JR, Baldomero H, Chabannon C, Basak GW, de la
C�amara R, et al. European society for blood and marrow trans-
plantation (EBMT). Hematopoietic cell transplantation and
cellular therapy survey of the EBMT: monitoring of activities
and trends over 30 years. Bone Marrow Transplant. 2021;56
(7):1651–64. https://doi.org/10.1038/s41409-021-01227-8.

10. Sarmiento M, Ramirez P, Jara V, Bertin P, Galleguillos M, et al.
Haploidentical transplantation outcomes are comparable
with those obtained with identical human leukocyte antigen
allogeneic transplantation in Chilean patients with benign
and malignant hemopathies. Hematol Transfus Cell Ther.
2020;42(1):40–5. https://doi.org/10.1016/j.htct.2019.01.010. Jan-
Mar.

11. Rowlings PA, Przepiorka D, Klein JP, Gale RP, Passweg JR, Hen-
slee-Downey PJ, Cahn JY, Calderwood S, Gratwohl A, Soci�e G,
Abecasis MM, Sobocinski KA, Zhang MJ, Horowitz MM. IBMTR
SEVERITY INDEx for grading acute graft-versus-host disease:
retrospective comparison with Glucksberg grade. Br J Haema-
tol. 1997;97(4):855–64. https://doi.org/10.1046/j.1365-
2141.1997.1112925.x.

12. Glucksberg H, Storb R, Fefer A, Buckner CD, Neiman PE, Clift
RA, et al. Clinical manifestations of graft-versus-host disease
in human recipients of marrow from HL-A-matched sibling
donors. Transplantation. 1974;18(4):295–304. https://doi.org/
10.1097/00007890-197410000-00001.

13. Lee SJ. Classification systems for chronic graft-versus-host
disease. Blood. 2017 5;129(1):30–7. https://doi.org/10.1182/
blood-2016-07-686642.

14. Armand P, Gibson CJ, Cutler C, Ho VT, Koreth J, et al. A disease
risk index for patients undergoing allogeneic stem cell trans-
plantation. Blood. 2012;120(4):905–13. https://doi.org/10.1182/
blood-2012-03-418202.

15. Sorror ML, Maris MB, Storb R, Baron F, Sandmaier BM, Maloney
DG, Storer B. Hematopoietic cell transplantation (HCT)-spe-
cific comorbidity index: a new tool for risk assessment before
allogeneic HCT. Blood. 2005;106(8):2912–9. https://doi.org/
10.1182/blood-2005-05-2004.

16. Scott BL, Pasquini MC, Logan BR, Wu J, Devine SM, Porter DL,
et al. Myeloablative versus reduced-intensity hematopoietic
cell transplantation for acute myeloid leukemia and myelo-
dysplastic syndromes. J Clin Oncol. 2017;35(11):1154–61.
https://doi.org/10.1200/JCO.2016.70.7091.

17. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M,
et al. Current concepts in the diagnosis and management of
cytokine release syndrome. Blood. 2014 10;124(2):188–95.
https://doi.org/10.1182/blood-2014-05-552729.

18. Spitzer TR. Engraftment syndrome following hematopoietic
stem cell transplantation. Bone Marrow Transplant. 2001;27
(9):893–8. https://doi.org/10.1038/sj.bmt.1703015.

19. Kharfan-Dabaja MA, Kumar A, Ayala E, Aljurf M, Nishihori T,
Marsh R, et al. Standardizing definitions of hematopoietic
recovery, graft rejection, graft failure, poor graft function, and
donor chimerism in allogeneic hematopoietic cell transplan-
tation: a report on behalf of the American society for trans-
plantation and cellular therapy. Transplant Cell Ther. 2021;27
(8):642–9. https://doi.org/10.1016/j.jtct.2021.04.007.

20. Swoboda R, Labopin M, Giebel S, Angelucci E, Arat M, Aljurf M,
et al. Total body irradiation plus fludarabine versus thiotepa,
busulfan plus fludarabine as a myeloablative conditioning for
adults with acute lymphoblastic leukemia treated with hap-
loidentical hematopoietic cell transplantation. A study by the
acute leukemia working party of the EBMT. Bone Marrow
Transplant. 2022;57(3):399–406. https://doi.org/10.1038/s41409-
021-01550-0.

21. Nagler A, Rocha V, Labopin M, Unal A, Ben Othman T, Campos
A, et al. Allogeneic hematopoietic stem-cell transplantation
for acute myeloid leukemia in remission: comparison of intra-
venous busulfan plus cyclophosphamide (Cy) versus total-
body irradiation plus Cy as conditioning regimen−a report
from the acute leukemia working party of the European group
for blood and marrow transplantation. J Clin Oncol. 2013;31
(28):3549–56. https://doi.org/10.1200/JCO.2013.48.8114.

22. DeZern AE, Zahurak M, Symons H, Cooke K, Jones RJ, Brodsky
RA. Alternative donor transplantation with high-dose post-
transplantation cyclophosphamide for refractory severe
aplastic anemia. Biol Blood Marrow Transplant. 2017;23
(3):498–504. https://doi.org/10.1016/j.bbmt.2016.12.628.

23. Kim H, Im HJ, Koh KN, Kang SH, Yoo JW, Choi ES, et al. Compa-
rable outcome with a faster engraftment of optimized haploi-
dentical hematopoietic stem cell transplantation compared
with transplantations from other donor types in pediatric
acquired aplastic anemia. Biol Blood Marrow Transplant.
2019;25(5):965–74. https://doi.org/10.1016/j.bbmt.2019.01.010.

24. O’Donnell PV, Luznik L, Jones RJ, Vogelsang GB, Leffell MS,
Phelps M, et al. Nonmyeloablative bone marrow transplanta-
tion from partially HLA-mismatched related donors using
posttransplantation cyclophosphamide. Biol Blood Marrow
Transplant. 2002;8(7):377–86. https://doi.org/10.1053/bbmt.
2002.v8.pm12171484.

25. Granata A, F€urst S, Bramanti S, Legrand F, Sarina B, Harbi S,
et al. Peripheral blood stem cell for haploidentical transplan-
tation with post-transplant high dose cyclophosphamide:
detailed analysis of 181 consecutive patients. Bone Marrow

6 hematol transfus cell ther. 2025;47(4):103982

https://doi.org/10.1016/j.bcmd.2004.08.017
https://doi.org/10.1002/pbc.24022
https://doi.org/10.1182/blood.v98.12.3456
https://doi.org/10.1182/bloodadvances.2019000614
https://doi.org/10.1182/bloodadvances.2019000614
https://doi.org/10.1038/s41375-019-0544-3
https://doi.org/10.1186/s13045-021-01094-2
https://doi.org/10.1186/s13045-021-01065-7
https://doi.org/10.1186/s13045-021-01065-7
https://doi.org/10.1038/s41409-022-01630-9
https://doi.org/10.1038/s41409-022-01630-9
https://doi.org/10.1038/s41409-021-01227-8
https://doi.org/10.1016/j.htct.2019.01.010
https://doi.org/10.1046/j.1365-2141.1997.1112925.x
https://doi.org/10.1046/j.1365-2141.1997.1112925.x
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1182/blood-2016-07-686642
https://doi.org/10.1182/blood-2016-07-686642
https://doi.org/10.1182/blood-2012-03-418202
https://doi.org/10.1182/blood-2012-03-418202
https://doi.org/10.1182/blood-2005-05-2004
https://doi.org/10.1200/JCO.2016.70.7091
https://doi.org/10.1182/blood-2014-05-552729
https://doi.org/10.1038/sj.bmt.1703015
https://doi.org/10.1016/j.jtct.2021.04.007
https://doi.org/10.1038/s41409-021-01550-0
https://doi.org/10.1038/s41409-021-01550-0
https://doi.org/10.1200/JCO.2013.48.8114
https://doi.org/10.1016/j.bbmt.2016.12.628
https://doi.org/10.1016/j.bbmt.2019.01.010
https://doi.org/10.1053/bbmt.2002.v8.pm12171484
https://doi.org/10.1053/bbmt.2002.v8.pm12171484


Transplant. 2019;54(11):1730–7. https://doi.org/10.1038/s41409-
019-0500-x.

26. Bashey A, Zhang MJ, McCurdy SR, St Martin A, Argall T, Ana-
setti C, et al. Mobilized peripheral blood stem cells versus
unstimulated bonemarrow as a graft source for T-Cell-Replete
haploidentical donor transplantation using post-transplant
cyclophosphamide. J Clin Oncol. 2017;35(26):3002–9. https://
doi.org/10.1200/JCO.2017.72.8428.

27. Sugita J, Kagaya Y, Miyamoto T, Shibasaki Y, Nagafuji K, Ota S,
et al. Japan study group for cell therapy and transplantation
(JSCT). Myeloablative and reduced-intensity conditioning in HLA-
haploidentical peripheral blood stem cell transplantation using
post-transplant cyclophosphamide. Bone Marrow Transplant.
2019;54(3):432–41. https://doi.org/10.1038/s41409-018-0279-1.

28. Sanz J, Galimard JE, Labopin M, Afanasyev B, Angelucci E, Cic-
eri F, et al. Acute leukemia working party of the European soci-
ety for blood and marrow transplantation (EBMT). Post-
transplant cyclophosphamide after matched sibling, unre-
lated and haploidentical donor transplants in patients with
acute myeloid leukemia: a comparative study of the ALWP
EBMT. J Hematol Oncol. 2020;13(1):46. https://doi.org/10.1186/
s13045-020-00882-6.

29. Im A, Rashidi A, Wang T, Hemmer M, MacMillan ML, Pidala J,
et al. Risk factors for Graft-versus-Host disease in haploidentical
hematopoietic cell transplantation using post-transplant cyclo-
phosphamide. Biol Blood Marrow Transplant. 2020;26(8):1459–
68. https://doi.org/10.1016/j.bbmt.2020.05.001. Epub 2020 May 17.

30. Bail�en R, Pascual-Casc�on MJ, Guerreiro M, L�opez-Corral L, Chi-
nea A, Berm�udez A, et al. Grupo Espa~nol de Trasplante Hema-
topoy�etico y Terapia Celular (GETH). Post-Transplantation
Cyclophosphamide After HLA identical compared to haploi-
dentical donor transplant in acute myeloid leukemia: a study
on behalf of GETH-TC. Transplant Cell Ther. 2022;28(4).
https://doi.org/10.1016/j.jtct.2022.01.020. 204.e1-204.e10.

31. Parimon T, Au DH, Martin PJ, Chien JW. A risk score for mortal-
ity after allogeneic hematopoietic cell transplantation. Ann
Intern Med. 2006;144(6):407–14. https://doi.org/10.7326/0003-
4819-144-6-200603210-00007.

32. Gonz�alez-Vicent M, Molina B, Andi�on M, Sevilla J, Ramirez M,
P�erez A, et al. Allogeneic hematopoietic transplantation using
haploidentical donor vs. unrelated cord blood donor in pediat-
ric patients: a single-center retrospective study. Eur J Haema-
tol. 2011;87(1):46–53. https://doi.org/10.1111/j.1600-0609.2011.
01627.x.

33. Mo XD, Tang BL, Zhang XH, Zheng CC, Xu LP, Zhu XY, et al.
Comparison of outcomes after umbilical cord blood and
unmanipulated haploidentical hematopoietic stem cell trans-
plantation in children with high-risk acute lymphoblastic leu-
kemia. Int J Cancer. 2016;139(9):2106–15. https://doi.org/
10.1002/ijc.30249.

34. Moreno C, Ramos-Elbal E, Velasco P, Aguilar Y, Gonz�a�alez Mar-
tínez B, et al. Haploidentical vs. HLA-matched donor hemato-
poietic stem-cell transplantation for paediatric patients with
acute lymphoblastic leukemia in second remission: A collabo-
rative retrospective study of the Spanish group for bone mar-
row transplantation in children (GETMON/GETH) and the
Spanish childhood relapsed ALL Board (ReALLNet). Front
Pediatr. 2023;11:1140637. https://doi.org/10.3389/fped.2023.
1140637.

35. Nagler A, Labopin M, Swoboda R, et al. Young (<35 years) hap-
loidentical versus old (≥35 years) mismatched unrelated
donors and vice versa for allogeneic stem cell transplantation
with post-transplant cyclophosphamide in patients with
acute myeloid leukemia in first remission: a study on behalf
of the acute leukemia working party of the European society
for blood and marrow transplantation. Bone Marrow Trans-
plant. 2024;59:1552–62. https://doi.org/10.1038/s41409-024-
02400-5.

hematol transfus cell ther. 2025;47(4):103982 7

https://doi.org/10.1038/s41409-019-0500-x
https://doi.org/10.1038/s41409-019-0500-x
https://doi.org/10.1200/JCO.2017.72.8428
https://doi.org/10.1038/s41409-018-0279-1
https://doi.org/10.1186/s13045-020-00882-6
https://doi.org/10.1186/s13045-020-00882-6
https://doi.org/10.1016/j.bbmt.2020.05.001
https://doi.org/10.1016/j.jtct.2022.01.020
https://doi.org/10.7326/0003-4819-144-6-200603210-00007
https://doi.org/10.7326/0003-4819-144-6-200603210-00007
https://doi.org/10.1111/j.1600-0609.2011.01627.x
https://doi.org/10.1111/j.1600-0609.2011.01627.x
https://doi.org/10.1002/ijc.30249
https://doi.org/10.3389/fped.2023.1140637
https://doi.org/10.3389/fped.2023.1140637
https://doi.org/10.1038/s41409-024-02400-5
https://doi.org/10.1038/s41409-024-02400-5

	Haploidentical hematopoietic stem cell transplantation with post-transplant cyclophosphamide in the public Chilean national health system: A single center study
	Introduction
	Materials and methods
	Patients
	Endpoint and definitions
	Treatment
	Statistical analysis

	Results
	Early post-transplantation events
	Main endpoints
	Cause of death

	Discussion
	Conclusions
	Author contribution
	Conflicts of interest
	Supplementary materials
	References



