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Treosulfan-Based Conditioning Regimen for Hematopoietic Stem Cell
Transplantation in Pediatric Patients with Hemophagocytic Lymphohistiocytosis
Ho Joon Im and Sung Han Kang
Department of Pediatrics, University of Ulsan College of Medicine, Asan Medical Center Children’s Hospital, Seoul, Korea

Hemophagocytic lymphohistiocytosis (HLH) is a fatal disease unless timely and effective treatment is given. Immunochemotherapy including etoposide, with or without
hematopoietic stem cell transplantation (HCT), has improved the outcomes for patients with HLH. In patients with familial or refractory HLH, HCT is now routinely
performed and is the only curative treatment. Conditioning regimens play an important role in the success of HCT for pediatric patients with HLH and other nonmalignant diseases and have improved dramatically in recent decades. The initial
HCT approach using myeloablative conditioning significantly improved the outcomes
of patients with HLH but was associated with considerable transplant-related mortality. A subsequent strategy using reduced-intensity conditioning (RIC) remarkably
reduced the incidence of TRM. However, the high level of mixed chimerism associated with RIC has prompted the search for improved conditioning regimens. Recently, treosulfan has replaced busulfan as a component of a reduced toxicity conditioning regimen. Both its myeloablative and immunosuppressive properties, as well
as a favorable toxicity profile, make treosulfan a potential candidate for use as part
of conditioning regimen prior to HCT. Indeed, treosulfan-based conditioning regimens are being increasingly used in pediatric patients with various non-malignant
diseases. We here review the recent progress in HCT for pediatric HLH with a focus
on treosulfan-based conditioning regimens, including our own experience.
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dysfunction as well as the proliferation and activation of

Introduction

benign macrophages and causing pancytopenia, hepatosplenomegaly, and lymphadenopathy [3]. HLH com-

Hemophagocytic lymphohistiocytosis (HLH) is a clin-

prises two different conditions, primary or genetic HLH

icopathological entity characterized by an impaired or

and secondary or acquired HLH, which may be difficult

absent function of NK cells and cytotoxic T cells and un-

to distinguish from each other [4-6]. Primary HLH is fur-

controlled inflammation, as well as being the most prev-

ther divided into familial HLH (FHL1-5: PRF1, UNC13D,

alent and clinically significant macrophage-related his-

STX11, STXBP2), in which HLH is the only manifestation

tiocytic disorder [1,2]. Dysregulation in immune system

of the disease, and other genetic causes including

function results in uncontrolled and ineffective immune

X-linked lymphoproliferative disease (XLP), Griscelli syn-

activation, leading to cellular damage and multiorgan

drome (GS, RAB27A), and Chediak-Higashi syndrome
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(CHS, LYST) in which HLH is one of several clinical mani-

HLH-94, which is the first prospective international study

festations [7].

of HLH, significantly improved the clinical outcomes,

Immunochemotherapy including etoposide, with or

with a reported 3-year overall survival (OS) of 55% for

without hematopoietic stem cell transplantation (HCT),

whole cohort and 62% who received HCT [8]. Horne et

has improved the outcomes of patients with HLH, includ-

al. reported their HCT results who were treated with the

ing FHL [8,9]. In patients with familial or refractory HLH,

HLH-94 protocol [12] and indicated that a MAC regimen

HCT is now routinely performed and is the only curative

consisting of busulfan, cyclophosphamide and etoposide

treatment [7,10,11]. Conditioning regimens play important

produced a 3-year overall survival (OS) of 64%, but TRM

roles for successful HCT. Earlier experiences with HCT

rate of 30%, which is higher than described for other

using conventional myeloablative conditioning (MAC)

non-malignant disease [17-19]. Other subsequent studied

have shown this approach to be associated with an ex-

reported similar OS ranging from 52% to 75% (Table 1)

cessively high rate of toxicity and death [12]. Reduced-

[20-23]. However, the obvious major limitation of the

intensity conditioning (RIC) was introduced in an attempt

HCT using MAC was a high TRM ranging from 17% to

to improve the outcome of HCT for HLH. RIC signifi-

35%.

cantly reduced the rates of transplant-related mortality

Given the high frequency of TRM with MAC, a reduced

(TRM) but was found to be associated with a high in-

intensity conditioning (RIC) regimen was introduced to

cidence of mixed chimerism requiring subsequent inter-

reduce the TRM. Cooper et al. reported a favorable out-

ventions [13,14].

come using RIC with fludarabine and melphalan with or

The goal of conditioning in children with non-malig-

without serotherapy [24]. Nine of 12 patients in that

nant disease is the cure of underlying disease with mini-

study cohort survived but 3 of these 9 survivors showed

mal short-term and long-term toxicities. The high TRM

mixed chimerism. A report from Cincinnati Children’s

with MAC and high mixed chimerism associated with RIC

Hospital comparing the post-transplant outcomes of pa-

have prompted the search for new conditioning regimens

tients with HLH in accordance with the conditioning reg-

for HCT in the treatment of HLH. Recently, treosulfan

imens concluded that RIC significantly improved the sur-

has replaced busulfan as a reduced toxicity conditioning

vival, which was attributable to a reduction in early mor-

(RTC) regimen. Treosulfan is a prodrug of a bifunctional

tality after HCT [13]. The conditioning regimens used in

alkylating cytotoxic agent with low organ toxicity in pe-

the patient populations in that report consisted of flu-

diatric patients with malignant or non-malignant dis-

darabine, melphalan and alemtuzumab for RIC (n=26),

eases [15,16].

and busulfan, cyclophosphamide, and rabbit ATG (r-

We here review the recent progress in HCT for pedia-

ATG, Thymoglobulin) with or without etoposide for MAC

tric patients with HLH, focusing on treosulfan-based

(n=14). The estimated 3-year survival was significantly

conditioning regimens prior to transplant. We also dis-

better for the RIC compared to MAC (92% vs. 43%,

cuss our own experiences with this approach.

P=0.001), but mixed chimerism was significantly more
frequent in RIC than MAC (65% vs. 18%, P=0.011). Most
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of those patients showing mixed chimerism received an
intervention involving an early weaning of immunosuppressants given for graft versus host disease (GVHD) pro-

Although the introduction of the HLH-94 treatment

phylaxis and/or the use of donor lymphocyte infusion

protocol dramatically improved the outcomes for pa-

(DLI) to stabilize or increase the level of donor chime-

tients with HLH, HCT is needed in selected cases and is

rism. A subsequent study utilizing the same conditioning

regarded as a curative treatment for patients with re-

with fludarabine, melphalan and alemtuzumab reported

fractory, or relapsed cases, as well as primary HLH.

that only 41% of HLH patients survived on stable engraft-
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*Patients with mixed chimerism or received additional interventions.
2
2
Bu, busulfan 16 mg/kg; Cy, cyclophosphamide 120-200 mg/kg; VP, etoposide 30 mg/kg or 900 mg/m ; ATG, antithymocyte globulin; Flu, fludarabine 150 mg/m ; Mel, melphalan
2
140 mg/m ; Alem, alemtuzumab; VOD, veno-occlusive disease; TRM, transplant-related mortality; NS, not specified; Ref, reference.

24
26
13
25
(2.5y)
(3y)
(3y)
(1y), 68% (1.5y)
NS
NS
12%
∼29%
Mel,
Mel,
Mel,
Mel,
Flu,
Flu,
Flu,
Flu,

Alem or ATG
Alem or ATG
Alem
Alem

0
0
0
0

33%
29%
65%
59%*

33% (2-4)
NS
8% (2-3)
27% (2-4)

33%
NS
NS
NS

75%
84%
92%
82%

12
20
21
22
23
13
(3y)
(1y), 45% (3y)
(8y)
(10y)
(5y)
(3y)
64%
52%
59%
65%
75%
43%
30%
35%
26%
17%
20%
57%
9%
25%
17%
NS
NS
NS
32% (2-4)
41% (2-4)
31% (2-4)
NS
26% (2-4)
14% (2-3)
19%
11%
15%
19%
NS
18%
4 (dead)
18%
7 (severe)
NS
2
0
Cy, VP
Cy, VP±ATG
Cy±VP
Cy, VP±ATG
Cy, VP±ATG
Cy ATG±VP
Bu,
Bu,
Bu,
Bu,
Bu,
Bu,

Myeloablative conditioning (MAC)
HLH-94/Horne
2005
86
Baker
2008
91
AIEOP/Cesaro
2008
61
Japan/Ohga
2010
43
Korea/Seo
2010
19
CCHMC/Marsh
2010
14
Reduced intensity conditioning (RIC)
UK/Cooper
2006
12
UK/Cooper
2008
25
CCHMC/Marsh
2010
26
USA/Allen
2018
34

Chronic
Acute (grade)

GVHD

Mixed
chimerism
VOD
(n or %)
Major conditioning
regimen
N
Year
Study/author

Table 1. Selected reports on allogeneic hematopoietic stem cell transplantation for hemophagocytic lymphohistiocytosis
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Survival

Ref
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ment without any interventions [25]. Observations in other cohorts have indicated improved outcomes with RIC
over the MAC regimen but found also that the prevalence
of mixed chimerism was higher after transplantation
when the RIC regimen was used (Table 1) [26,27]. In conclusion, RIC regimens improved the outcomes of HCT for
HLH in terms of a lower TRM but were associated with
higher incidence of mixed chimerism requiring DLI or
salvage transplantation.

Treosulfan as a Component of
Conditioning Regimen
The high TRM associated with MAC, and high mixed
chimerism resulting from RIC, have prompted the search
for better conditioning regimens for HCT in the treatment of HLH. Treosulfan, which is a busulfan analogue,
is a prodrug and a water-soluble bifunctional alkylating
agent which has been used as treatment for various cancers [15,28-30]. Recently, treosulfan replaced busulfan as
a component of a reduced toxicity conditioning regimen
for HCT. Preclinical studies demonstrated that treosulfan
treatment produced a rapid and sustained myelosuppression and that this agent exhibits immunosuppressive
characteristics, which contribute to stable engraftment
after HCT [15,31-33]. In contrast to busulfan, treosulfan
is also associated with fewer extramedullary toxicities,
including in the liver. Both its myeloablative and immunosuppressive properties, as well as its favorable toxicity profile, make treosulfan a potentially viable component of a more optimal conditioning regimen prior to
HCT.

Treosulfan-Based Conditioning Regimen in
Pediatric Patients with Non-Malignant Disease
Treosulfan-based conditioning regimens have increasingly been used in pediatric patients with various nonmalignant diseases (Table 2) [34-41]. Treosulfan with fludarabine has been the most frequent combination used
as a conditioning regimen for HCT in prior clinical trials.
Various combinations of treosulfan-based conditioning
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160

2017

2018

SDS (3), DBA (4), PNH (4),
others (3)
SCID (39), WAS (20), CGD
(17), HLH (18), others (66)

HLH (19)
PID (13), HLH (6), DBA (3),
SDS (3), SCD (4), PNH (2)
PID (27), hematologic (9),
metabolic (9)
Inherited disorders (188),
hemoglobinopathy (70),
histiocytic disorder (32),
BMF (24), others (2)
CGD (70)

Diagnosis (n)

Treo, Flu, Alem

Treo, Flu±TT±ATG
or Alem
Treo, Flu

Treo, Flu±TT
Treo, Cy

Treo, Flu±TT

Treo, Flu, Alem±TT
Treo, Flu±TT

Main conditioning
regimens

28%

53%
+
29% (CD3 )

Mixed
chimerism

0%

0%

0%

Various

25% (CD3+),
20% (CD15+)
7%

0%
NS
(≥grade 3)

NS

1
0%

VOD
(n or %)

9% (3-4)

1 (4)

12% (3-4)

10% (3-4)

27% (3-4)

6% (3)
10% (3-4)

Acute (gr)

24

2

13%

NS

19%

0%
21%

27

1

6

51

12

0%
10%

TRM
(n
or %)
Chronic

GVHD (n or %)

83%

13 alive

91% for
thalassemia,
100% for
SCD
91.4%

71%

100%
90%

Survival

41

40

39

38

37

45
36

Ref

HLH, hemophagocytic lymphohistiocytosis; PID, primary immunodeficiency; DBA, Diamond-Blackfan anemia; SDS, Shwachman-Diamond syndrome; SCD, sickle cell disease;
PNH, paroxysmal nocturnal hemoglobinuria; BMF, bone marrow failure; CGD, chronic granulomatous disease; SCID, severe combined immunodeficiency; WAS, Wiskott-Aldrich
2
2
syndrome; VOD, veno-occlusive disease; TRM, transplant-related mortality; Treo, treosulfan 36 or 42 g/m ; Flu, fludarabine 150-180 mg/m ; TT, thiotepa 7-10 mg/kg; ATG,
antithymocyte globulin; Alem, alemtuzumab; Cy, cyclophosphamide 200 mg/kg; NS, not specified; Ref, reference.

70

2016

MorilloGutierrez
FHCRC/
Burroughs
Slatter

316

2015

44

Dinur-Schejter 2015

EBMT/Slatter

19
31

2014
2014

Lehmberg
Burroughs

N

Year

Study/author

Table 2. Selected reports on hematopoietic stem cell transplantation after treosulfan-based conditioning in pediatric patients with non-malignant disease
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regimens are shown in Fig. 1. In 2008, HCT using treo-

tentially serious complications [36]. Fludarabine±thymo-

sulfan-containing regimens showed high rates of en-

globulin was combined with treosulfan as part of that

graftment with low RRT and transplant mortality in 32

conditioning regimen. All patients showed successful en-

children with non-malignant disease but with significant

graftment, a TRM of 0% at day-100, and an OS of 90%.

comorbidities [34]. Fludarabine and alemtuzumab were

In 2018, Slatter et al. reported a favorable OS of 87.1%

added to treosulfan as conditioning regimen in 22 pedia-

with a high level of complete or stable mixed chimerism

tric patients in that study and 26 patients received treo-

after conditioning with treosulfan and fludarabine, with

2

sulfan at a dose of 42 g/m . Twenty-seven of the patients

or without alemtuzumab, for HCT in 160 children with

in the entire cohort survived with an OS of 84%. EBMT

primary immunodeficiency [41]. In that study, the com-

data for a large number of pediatric patients with non-

bination of treosulfan with fludarabine was utilized based

malignant disease demonstrated that treosulfan-based

on the authors’ previous report that revealed less toxicity

conditioning is a safe and effective regimen even for

and better chimerism with fludarabine compared to cy-

children younger than 1 year at the time of transplan-

clophosphamide [35]. Severe combined immunodeficiency

tation [38]. Among the 316 patients in that study, the total

(SCID, n=39), Wiskott-Aldrich syndrome (WAS, n=20),

2

2

doses of treosulfan were ＜33 g/m in 15, 33-39 g/m in
2

chronic granulomatous disease (CGD, n=17), and HLH

90, and ＞39 g/m in 211 patients. Toxicity was not found

(n=18) were the major diseases among the 160 patients

to be associated with an increasing dose of treosulfan

analyzed, and 79% of patients received HCT from un-

and the OS was similar among the three dosage groups.

related donors. Treosulfan was given at a dose of 42 g/m

Furthermore, the addition of thiotepa to the treosulfan

2
(n=102) but was reduced to 36 g/m (n=54) for infants

and fludarabine regimen did not increase acute toxicity

aged ＜1 year. The survivals for the SCID, WAS and CGD

levels. A report incorporating thiotepa into a fludar-

were all excellent at above 90%, but the outcome for the

abine/melphalan/alemtuzumab regimen demonstrated

HLH was not as satisfactory with an OS of 63%. Around

the improved engraftment [42], although another study

70% of the patients in that study who received peripheral

of conditioning regimen with additional thiotepa showed

blood stem cells achieved ＞95% donor chimerism.

2

a beneficial role in chimerism but in the survival [37].

The cumulative evidence for the impacts of treosulfan-

A prospective multicenter trial of treosulfan-based

based RTC for pediatric patients with non-malignant dis-

conditioning for 31 patients with various non-malignant

ease indicates that this conditioning regimen is well tol-

diseases demonstrated an excellent outcome without po-

erated and has a low toxicity profile. Treosulfan-based

Fig. 1. Various combinations of
treosulfan-based conditioning regimens. TREO, treosulfan; FLU, fludarabine; CY, cyclophosphamide;
VP16, etoposide; MEL, melphalan;
TT, thiotepa; TBI, total body irradiation.
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RTC regimens have thus emerged as a more optimal con-

stantial recipient chimerism [46].

ditioning method for HCT in pediatric patients with vari-

There have been a few studies comparing the out-

ous non-malignant diseases. Although treosulfan is wide-

comes of treosulfan-based conditioning with other con-

ly being used as part of conditioning prior to HCT in

ditioning regimen in HLH. Messina et al. reported the re-

children with malignant or non-malignant diseases, the

sults of HCT for 109 patients with HLH including 31 FHL2

studies on pharmacokinetics (PK) of treosulfan are scarce

and 32 FHL3 cases [47]. The conditioning regimens in

[43,44]. Personalized dosing of treosulfan is crucial, es-

this cohort included a busulfan-based regimen in 61 pa-

pecially in pediatric patients, to minimize toxicity and

tients, fludarabine-based in 26 cases, and treosulfan-

avoid rejection or relapse of underlying disease. To date,

based in 21 cases. Although no statistically significant

the most optimal dosing of the drug based on pharmaco-

differences were observed in that study, a trend toward

kinetic data remains unclear. Future study on the PK of

a better OS and event-free survival (EFS) after treo-

treosulfan will further improve the outcome of HCT in

sulfan-based conditioning was evident. Furthermore, the

pediatric patients.

treosulfan-based conditioning regimen in that study resulted in a lower TRM of 14% with an acceptable graft

Treosulfan-Based Conditioning
Regimen for HLH

failure rate of 5%. Only the 11 patients receiving HCT
from HLA partially matched family donors showed a poor
outcome with a survival of only 9% compared with 73%

The outcomes of HCT using treosulfan-based con-

for matched related donor (MRD) and 63% for matched

ditioning regimen for HLH have mostly been reported in

unrelated donor (MUD). The recent HLH-2004 study re-

cohorts that included patients with a variety of non-ma-

ported the results of HCT for children with HLH [48]. Of

lignant diseases. A few studies have been published on

the total of 187 patients with HLH in that study, 134 had

the results of HCT using this conditioning regimen in

verified FHL and 99 received a conditioning regimen with

HLH patients only.

busulfan-based, 39 with fludarabine-based and 20 with

Lehmberg et al. reported on the HCT using treosulfan-

treosulfan-based. Donors were MRD in 44 patients, MUD

based conditioning in 19 children and adolescents with

in 60, haploidentical family donor (HFD) in 11, mis-

HLH [45]. Twelve of these patients had familial HLH and

matched unrelated donor (MMUD) in 6, and umbilical

7 had other genetic defects. The conditioning regimen

cord blood (UCB) in 53. The five-year OS was 66% but

2

2

consisted of treosulfan (42 g/m or 36 g/m if ＜12 kg),

was 71% for verified FHL and 52% for nonverified HLH.

2

fludarabine (150-180 mg/m or 5-6 mg/kg), facultative

The EFS was 80% for treosulfan-based conditioning but

thiotepa (10 mg/kg or 7 mg/kg if ＜12 kg), and alem-

this was not statistically different from the other con-

tuzumab. The toxicity profile was favorable and all en-

ditioning regimens (59% for the busulfan-based and 50%

rolled 19 patients survived. Notably however, 8 (42%) of

for the fludarabine-based regimens). The EFS for the pa-

these patients required additional cellular therapy such

tients who received HCT from a HFD was 82% but this

as DLI, stem cell boost, or a second HCT, which was a

was not significantly from the cases with other types of

high rate for a cohort with HLA-mismatched donors, in-

donor (54% for MRD, 62% for MUD and 58% for UCB).

cluding one patient receiving haploidentical HCT. The

HCT is a curative treatment for patients with re-

inclusion of thiotepa and/or adjustment of the serother-

fractory and relapsed as well as familial HLH. While a

apy was suggested in attempts to improve the primary

human leukocyte antigen (HLA)-identical sibling donor is

complete donor chimerism in recipients of a graft from

the preferred choice for HCT for HLH, a matched un-

a HLA-mismatched donor. A subsequent report indicated

related volunteer donor is a realistic option for successful

that a HLA-mismatched donor and active disease at the

HCT. Unfortunately, significant proportion of patients

start of conditioning were the only risk factors for sub-

with HLH requiring HCT cannot find an HLA-matched
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related or unrelated donor. Alternatively, allogeneic HCT
from a HFD could be a donor source for virtually all patients who require HCT. Although the early experiences
with HCT from a HFD were disappointing, recent advances in T cell regulation strategies, including the ex
vivo depletion of T cells and posttransplant cyclophosphamide (PTCY), have significantly improved the
outcomes of haploidentical HCT [49-52]. The recent
emerging evidence for haploidentical HSCT has provided
additional therapeutic option to consider in pediatric
patients with malignant and non-malignant disease curable with HSCT but who have not a suitable related or
unrelated donor [53-56]. Medina-Valencia et al. reported
a successful haploidentical HCT with PTCY in 5 pediatric
patients with primary HLH [57]. Recently, an ex vivo T
cell-depleted haploidentical HCT after treosulfan-based
conditioning has been reported in 12 patients with familial HLH [58]. The conditioning in those cases consisted
of treosulfan, fludarabine, thiotepa and anti-thymocyte
globulin. Four patients died, mostly due to infections,

Table 3. Patient and transplant characteristics
Characteristics
Total
Male/female
Age at diagnosis (years)
Median (range)
Type of HLH
FHL2 (PRF1)
FHL3 (UNC13D)
XLP1
XLP2 (XIAP)
Secondary
Age at HCT (years)
Median (range)
Donor
Matched sibling donor
Unrelated donor
Haploidentical family donor
Acute GVHD
Grade 2
Grade 3
Chronic GVHD (evaluable patients)
Moderate
Severe
TRM
Disease-free survival at 2 years

N
17
11/6
3.6 (0.2-15.7)
2
5
1
4
5
5.4 (0.5-17.2)
1
9
7
10
4
16
1
3
2
90%

leading to a disease-free survival rate of 58.3%.

Experiences with Treosulfan-Based
Conditioning for HLH at Asan Medical
Center Children’s Hospital (AMCCH),
Unpublished Data

a total dose of 7-10 mg/kg, and rabbit ATG (r-ATG, thymoglobulin) at a total dose of 5-7.5 mg/kg, respectively
(Fig. 2). In the patients receiving HCT from a MSD or
URD, cyclosporine and mycophenolate mofetil (MMF)
were administered for GVHD prophylaxis. For the hap-

Between January 2016 and November 2020, 17 chil-

loidentical HCT, an ex vivo α β T cell-depleted graft was

dren and adolescents with HLH received HCT after treo-

used with no pharmacological GVHD prophylaxis. All 17

sulfan-based conditioning regimen at our hospital (AMCCH).

patients achieved sustained engraftment at a median of

Patient and transplant characteristics are summarized in

10 days for neutrophils and 16 days for platelets,

Table 3. Seven patients had familial HLH (2 PRF1 and 5

respectively. No patients experienced late graft failure.

UNC13D), 5 had other genetic defects (4 XIAP and 1

Regimen-related toxicities were mild to moderate, and

XLP1) and 5 had secondary HLH with relapsed or re-

only one patient developed VOD which was successfully

fractory disease. Two patients with XIAP received HCT

treated with defibrotide. Ten patients (59%) developed a

for intractable bowel disease prior to the appearance of

grade 2 acute GVHD involving the skin only which was

HLH. The donors were a matched sibling donor (MSD) in

successfully treated with addition of systemic steroid.

1 patient, an unrelated donor (URD) in 9 and a hap-

Acute grade 3 GVHD occurred in 4 patients (24%) who

loidentical family donor (HFD) in 7. The conditioning

were fully resolved by treatment with systemic steroid,

regimen consisted of treosulfan at a total dose of 42

infliximab and/or other immunosuppressants. No pa-

mg/kg, except for 2 infants who received 36 mg/kg, flu-

tients developed acute grade 4 GVHD. Of the 16 evalu-

2

darabine at a total dose of 150-180 mg/m , thiotepa at

34

able patients, 1 patient developed moderate chronic

Vol. 28, No. 1, April 2021
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Fig. 2. HCT for pediatric patients
with HLH. *Additional dose of
r-ATG is given for MSD- and URDHCT. Two doses of r-ATG is administered in HFD-HCT. MSD,
matched sibling donor; URD, unrelated donor; HFD, haploidentical family donor; MMF, mycophenolate mofetil.

GVHD, and 3 patients developed severe chronic GVHD.

patients who lack a matched related or unrelated donor.

Among our 17 patients, 15 survived with complete do-

The high incidence of acute GVHD evident in our study

nor chimerism and 2 patients died. One patient, who re-

requires further modification of the conditioning regi-

ceived HCT from a haploidentical mother, achieved neu-

men or GVHD prophylaxis. Further studies are still need-

trophil engraftment at D+10, but the patient’s chimerism

ed to clarify and verify the safety and efficacy of treo-

showed 83% from donor origin with declining neutrophil

sulfan-based conditioning in pediatric patients with

4

counts to 480 μ L/mL. DLIs at a dose of 2.5×10 T cells/kg

HLH.

were given at D+47 and D+55 and full donor chimerism

Conclusion

was achieved at D+61. The patient developed grade 3
acute GVHD involving the skin and gut after DLI, which
was resolved by treatment with systemic steroids, tacroli-

Treosulfan-based conditioning improves the outcomes

mus and infliximab. However, this patient died of pneu-

of HLH and is a well-established RTC regimen in children

monia at 24 months after HCT from HFD. The other de-

and adolescents with this disease as well as other non-

ceased patient, who received URD-HCT, achieved neu-

malignant diseases. Notably however, further improve-

trophil engraftment at D+10 with full donor chimerism.

ments to the conditioning regimen will be necessary to

Severe chronic GVHD developed in the patient however

achieve full donor chimerism with an acceptable low rate

at D+130 posttransplant for which systemic steroids, my-

of GVHD. For this purpose, a combination of other

cophenolate mofetil and imatinib were administered.

agents, personalized dosing of treosulfan based on phar-

While receiving this multiple immunosuppressants, the

macokinetic data, and modifications to the GVHD pro-

patient died of asphyxia at 35 months after HCT.

phylaxis including serotherapy could be considered. In

At a median follow-up of 25 months, the probabilities

addition, further study is warranted to evaluate the

of overall survivals (OS) and disease-free survival (DFS)

long-term toxicities and complications related to this

were same at 90±9.5% at 2 years. The 2-year probability

RTC regimen.

of moderate-to-severe chronic GVHD-free and diseasefree survival was 74±11.3%.
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