
Treosulfan, Fludarabine and Low-Dose Total Body Irradiation for 
Children and Young Adults with Acute Myeloid Leukemia or 
Myelodysplastic Syndrome Undergoing Allogeneic 
Hematopoietic Cell Transplantation: A Prospective Phase II Trial 
of the Pediatric Blood and Marrow Transplant Consortium

Eneida R. Nemecek, MD1, Ralf A. Hilger, PhD2, Alexia Adams, MPH3, Bronwen E. Shaw, MD, 
PhD4, Deidre Kiefer, MPH3, Jennifer Le-Rademacher, PhD5, John E. Levine, MD6, Gregory 
Yanik, MD7, Wing Leung, MD, PhD8, Julie-An Talano, MD9, Paul Haut, MD10, David Delgado, 
MD10, Neena Kapoor, MD11, Aleksandra Petrovic, MD12, Roberta Adams, MD13, Rabi Hanna, 

Corresponding Author: Eneida R. Nemecek MD, MS, MBA, Professor of Pediatrics and Medicine, Doernbecher Childrens Hospital, 
Oregon Health & Science University, 3181 SW Sam Jackson Park Rd, Portland, OR 97239, Phone: (503) 494-0829; Fax: (503) 
494-0714, nemeceke@ohsu.edu.
AUTHORSHIP CONTRIBUTIONS
ERN, JLR, JEL, SE, LB, EDPA, MAP, CD designed the research study. ERN, JEL, GY, WL, JAT, PH, DD, NK, AP, RA, RH, HR, JD, 
JC, MRV, MAP performed the research study and recruited study subjects. RAH performed study experiments. ERN, RAH, AA, CD 
supervised the study. AA managed study data collection. DMK, JLR retrieved study data. DMK, JLR, BES performed data analysis. 
DMK generated the manuscript figure. ERN, BES, DMK, JLR, MAP, CD interpreted study data. ERN, RAH, AA, DMK, MAP, CD 
wrote the manuscript. ERN, RAH, AA, BES, DMK, JLR, JEL, GY, WL, JAT, PH, DD, NK, AP, RA, RH, HR, JD, JC, MRV, SE, LB, 
EDPA, MAP, CD reviewed the manuscript.
* Denotes authors no longer at the enrolling institution

*Corporate Members
The CIBMTR is supported primarily by Public Health Service Grant/Cooperative Agreement 5U24CA076518 from the National 
Cancer Institute (NCI), the National Heart, Lung and Blood Institute (NHLBI) and the National Institute of Allergy and Infectious 
Diseases (NIAID); a Grant/Cooperative Agreement 4U10HL069294 from NHLBI and NCI; a contract HHSH250201200016C with 
Health Resources and Services Administration (HRSA/DHHS); two Grants N00014–17-1–2388 and N0014–17-1–2850 from the 
Office of Naval Research; and grants from *Actinium Pharmaceuticals, Inc.; *Amgen, Inc.; *Amneal Biosciences; *Angiocrine 
Bioscience, Inc.; Anonymous donation to the Medical College of Wisconsin; Astellas Pharma US; Atara Biotherapeutics, Inc.; Be the 
Match Foundation; *bluebird bio, Inc.; *Bristol Myers Squibb Oncology; *Celgene Corporation; Cerus Corporation; *Chimerix, Inc.; 
Fred Hutchinson Cancer Research Center; Gamida Cell Ltd.; Gilead Sciences, Inc.; HistoGenetics, Inc.; Immucor; *lncyte 
Corporation; Janssen Scientific Affairs, LLC; *Jazz Pharmaceuticals, Inc.; Juno Therapeutics; Karyopharm Therapeutics, Inc.; Kite 
Pharma, Inc.; Medac, GmbH; Medlmmune; The Medical College of Wisconsin; *Mediware; *Merck & Co, Inc.; *Mesoblast; 
MesoScale Diagnostics, Inc.; Millennium, the Takeda Oncology Co.; *Miltenyi Biotec, Inc.; National Marrow Donor Program; 
*Neovii Biotech NA, Inc.; Novartis Pharmaceuticals Corporation; Otsuka Pharmaceutical Co, Ltd. - Japan; PCORI; *Pfizer, Inc; 
*Pharmacyclics, LLC; PIRCHE AG; *Sanofi Genzyme; *Seattle Genetics; Shire; Spectrum Pharmaceuticals, Inc.; St. Baldrick’s 
Foundation; *Sunesis Pharmaceuticals, Inc.; Swedish Orphan Biovitrum, Inc.; Takeda Oncology; Telomere Diagnostics, Inc.; and 
University of Minnesota.

DISCLAIMERS
The views expressed in the submitted article are his or her own and not an official position of the institutions or sources of support 
(including the National Institute of Health, the Department of the Navy, the Department of Defense, Health Resources and Services 
Administration (HRSA) or any other agency of the U.S. Government).

DISCLOSURE OF CONFLICTS OF INTEREST
Ralf A. Hilger reports receipt of payment/services/products from medac GmbH during the conduct of the study.
Lauri Burroughs reports a financial relationship with medac GmbH outside the submitted work. Michael A. Pulsipher reports a 
financial relationship with medac GmbH outside the submitted work.
Colleen Delaney reports a study drug supply and regulatory oversight agreement with medac GmbH during the conduct of the study; a 
drug transfer agreement and IND management agreement outside the submitted work.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 August 01.

Published in final edited form as:
Biol Blood Marrow Transplant. 2018 August ; 24(8): 1651–1656. doi:10.1016/j.bbmt.2018.04.025.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MD14, Hemalatha Rangarajan, MD15, Jignesh Dalal, MD16, Joseph Chewning, MD17, Michael 
R Verneris, MD18, Stacy Epstein, PharmD19, Lauri Burroughs, MD20, Evelio D. Perez-
Albuerne, MD, PhD21, Michael A. Pulsipher, MD11, and Colleen Delaney, MD20

1Doernbecher Children’s Hospital, Oregon Health & Science University, Portland, OR, USA

2West German Cancer Center, University Hospital Essen, University Duisburg Essen, Essen, 
Germany

3Center for International Blood and Marrow Transplant Research, National Marrow Donor 
Program/Be The Match, Minneapolis, MN, USA

4Center for International Blood and Marrow Transplant Research, Department of Medicine, 
Medical College of Wisconsin, Milwaukee, WI, USA

5Mayo Clinic Rochester, Rochester, MN, USA

6Mount Sinai School of Medicine, New York, NY, USA*

7University of Michigan, Ann Arbor, MI, USA

8St. Jude Children’s Research Hospital, Memphis, TN, USA*

9Children’s Hospital of Wisconsin, Milwaukee, WI, USA

10Riley Children’s Hospital at Indiana University Health, Indianapolis, IN, USA

11Children’s Center for Cancer and Blood Diseases, Children’s Hospital Los Angeles, Keck 
School of Medicine at USC, Los Angeles, CA, USA

12Johns Hopkins All Children’s Hospital, St. Petersburg, FL, USA*

13Mayo Clinic Arizona and Phoenix Children’s Hospital, Phoenix, AZ, USA

14Cleveland Clinic Foundation, Cleveland, OH, USA

15Nationwide Children’s Hospital, Columbus, OH, USA

16The Children’s Mercy Hospitals and Clinics, Kansas City, MO, USA*

17Children’s of Alabama, University of Alabama at Birmingham, Birmingham, AL, USA

18University of Minnesota Medical Center, Fairview, Minneapolis, MN, USA*

19Levine Children’s Hospital, Carolinas Medical Center, Charlotte, NC, USA

20Fred Hutchinson Cancer Research Center and University of Washington, Seattle, WA, USA

21Children’s National Health System, George Washington University School of Medicine and 
Health Sciences, Washington, DC, USA

Abstract

This multicenter study evaluated a treosulfan-based regimen in children and young adults with 

acute myeloid leukemia (AML) or myelodysplastic syndrome (MDS) undergoing allogeneic 

hematopoietic cell transplant (HCT). Forty patients with median age 11 years (1–19) underwent 

allogeneic HCT for AML in first (n=18), second (n=11), third or greater remission (n=3); or MDS 

(n=8) using bone marrow (n=25), peripheral blood stem cells (n=5) or cord blood (n=9). The 
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regimen consisted of body surface area (BSA)-based treosulfan 10 g/m2/day (BSA ≤ 0.5 m2), 12 

g/m2/day (BSA > 0.5 – 1.0 m2), or 14 g/m2/day (BSA >1.0 m2) on days −6 to −4; fludarabine 30 

mg/m2/day on days −6 to −2; and a single fraction of 200 centigray total body irradiation on day - 

1. Graft-versus-host disease (GVHD) prophylaxis included tacrolimus and methotrexate for 

marrow and peripheral blood stem cell and cyclosporine/mycophenolate mofetil for cord blood. 

One-year overall survival, disease-free survival, and non-relapse mortality were 80%, 73% and 

3%, respectively. One-year relapse was 38% for AML and 13% for MDS. No serious organ 

toxicities were observed. All 37 evaluable patients engrafted. Cumulative incidences of grade II-

IV acute and chronic GVHD were 22% and 40%. BSA-based treosulfan dosing resulted in 

predictable area under the curve and maximum concentration, which is required for dosing without 

measuring individual pharmacokinetic parameters. Observed differences in pharmacokinetics did 

not impact disease control or regimen toxicity. This BSA-based treosulfan regimen resulted in 

excellent engraftment and disease-free survival, minimal toxicity and transplant-related mortality 

(3%) in children and young adults with AML and MDS.

Keywords

Stem Cell Transplantation; Conditioning Regimen; Myelodysplastic Syndromes; Acute Myeloid 
Leukemia

INTRODUCTION

Allogeneic hematopoietic cell transplant (HCT) is potentially curative for children and 

young adults with acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS). 

Conventional myeloablative conditioning regimens (MAC) containing busulfan are the most 

widely used for these indications in this younger age group. The success of these regimens is 

limited by toxicity and transplant-related mortality (TRM).1–4 Reduced intensity 

conditioning (RIC) regimens may be associated with lower rates of TRM, but at the expense 

of more relapse.5–8 Thus, children with AML and MDS are still in need of a better 

conditioning regimen that results in sustained remission without the substantial acute 

toxicity and NRM observed with conventional regimens.

Treosulfan (Ovastat®, L-threitol-1,4-dimethasulfonate, (2S,3S)-1,4-dimesyloxy-2,3-

butanediol, dihydroxybusulfan) is a water-soluble prodrug of a bifunctional alkylating agent 

approved for therapy of advanced ovarian carcinoma in Europe.9, 10 This drug has several 

characteristics that make it attractive for use in HCT compared to busulfan. Treosulfan 

metabolism bypasses the liver, has a highly predictable pharmacokinetic (PK) profile in 

adults, is sufficiently immunosuppressive for engraftment of donor cells across 

histocompatibility barriers, and is highly anti-leukemic. 11–17 In adults, treosulfan-based 

conditioning for allogeneic HCT for hematologic malignancies have shown safety and 

efficacy.18–22 However, there is little data on the use of treosulfan regimens for childhood 

hematologic malignancies.21-24 This phase II prospective multicenter study evaluated the 

safety and efficacy of a treosulfan combined with fludarabine and 200 cGy total body 

irradiation (TBI) in children and young adults with AML or MDS undergoing allogeneic 
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HCT. Our hypothesis was that this regimen would yield lower toxicity without compromise 

of disease control when compared to standard MAC regimens.

METHODS

Patient and donor characteristics

Forty patients with median age 11 years (1–19) were enrolled in a multicenter prospective, 

open label, non-randomized clinical trial at 13 U.S. transplant centers between September 

2013 and April 2014. Patient characteristics are summarized in Table 1. Patients included 

were children and young adults with a diagnosis of AML in first or greater complete 

remission (CR), or any MDS subtype undergoing marrow (BM) or peripheral blood stem 

cells (PBSC) from a related or unrelated donor matched at ≥ 7/8 human leukocyte antigens 

(HLA) or unrelated cord blood matched at ≥ 4/6 HLA antigens.

The diagnosis of AML or MDS was made according to World Health Organization (WHO) 

criteria and confirmed by review of clinical pathology reports at each institution. Disease 

status prior to HOT was determined by a bone marrow aspirate obtained within 28 days prior 

to the start of conditioning. AML in morphologic remission was defined as < 5% blasts in a 

bone marrow aspirate of adequate cellularity. Minimal residual disease (MRD) was defined 

as the presence of detectable disease by flow cytometry, cytogenetic analysis, or fluorescent 

in-situ hybridization (FISH) in patients with less than 5% BM blasts by morphology. 

Patients with refractory anemia with excess blast-2 could proceed directly to transplant, but 

also be considered for induction chemotherapy before transplant. Patients with ≥ 20% 

morphologic marrow blasts required induction therapy to reduce morphologic marrow blasts 

below 5% before transplant.

Patients with low general performance scores (i.e., Karnofsky or Lansky Play-Performance 

Scale score < 70% on pre-HCT evaluation), Fanconi anemia, human immunodeficiency 

virus (HIV) or uncontrolled systemic infections, active central nervous system leukemia or 

extramedullary disease at the time of HCT, or significant cardiopulmonary, renal or hepatic 

dysfunction were excluded. Those undergoing chemotherapy using other investigational 

agents within four weeks prior to start of conditioning, as well as pregnant and lactating 

females were also excluded. Patients who had undergone a single previous HCT were 

eligible for inclusion if time from the first transplant was ≥ 6 months.

Related donors were matched for human leukocyte antigen (HLA)-A, -B, and -C at 

intermediate resolution and -DRB1 at high resolution by molecular typing. Unrelated donors 

were matched for HLA-A, -B, -C and -DRB1 defined by high resolution molecular typing. 

A single HLA antigen or allele mismatch (7/8 matched) was permitted. BM or granulocyte-

colony stimulating factor (G-CSF)-mobilized peripheral blood stem cells (PBSC) were 

permitted. Unrelated cord blood unit (CBU) donors were matched at a minimum of 4 of 6 

loci at HLA-A and -B by intermediate resolution, and -DRB1 by high resolution, with a 

minimum total cell dose of 3 × 107 total nucleated cells (TNC) per kg of recipient weight. 

Double CBUs were allowed for patients lacking a single CBU with sufficient cell dose, 

following the same HLA-matching and cell dose criteria for single CBUs.
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This study was a cooperative effort between the Pediatric Blood and Marrow Transplant 

Consortium (PBMTC) study and the Center for International Blood and Marrow Transplant 

Research® (CIBMTR). The study protocol underwent scientific and ethics reviews, and 

obtained approval from the National Marrow Donor Program (NMDP) institutional review 

board (IRB). Patients, and legal guardians for patients younger than 18 years, were informed 

of the investigational nature of the study and signed consent and assent forms approved by 

the IRB at each institution, in accordance with the Declaration of Helsinki.

Transplant regimen

Treosulfan was given intravenously (IV) on days −6 to −4 at a daily dose determined by 

BSA of 10 g/m2 (≤ 0.5 m2), 12 g/m2 (> 0.5 −1 m2) or 14 g/m2 (> 1 m2). The latter was the 

maximum tolerated dose based on previous studies, where limiting toxicities were observed 

with doses above 42 g/m2.5 BSA dosing was based on population PK modeling [medac 

GmbH, data not published]. Fludarabine 30 mg/m2/day IV was given on days −6 to −2 (total 

dose 150 mg/m2). Ideal body weight was used in patients whose actual body weight 

exceeded 125% of ideal body weight. A single fraction of 200 cGy TBI was administered on 

day −1. Graft-versus-host disease (GVHD) prophylaxis consisted of tacrolimus to keep 

serum trough levels of 8–12 ng/mL starting on day −1 and methotrexate 10 mg/m2/dose on 

days +1, +3, +6 and +11 for those receiving BM/PBSC. In the absence of GVHD, tacrolimus 

was tapered starting on day +56 and discontinued by day +180. For CBU recipients, GVHD 

prophylaxis consisted of cyclosporine A (CSA) starting on day −3 to keep trough levels of 

250–500 ng/mL by immunoassay and mycophenolate mofetil (MMF) 15 mg/kg every 8 

hours starting on day 0. In the absence of GVHD, CSA was tapered starting on day +100 

and discontinued after day +180. MMF was tapered starting on day +42 or 7 days after 

engraftment, whichever occurred later, through day +96. Supportive care was provided as 

detailed in the supplemental on-line information.

Pharmacokinetic (PK) studies

Blood samples were collected for treosulfan PK analysis from patients weighing less than 40 

kg. Samples were batched and analyzed at the University of Essen, Germany, using 

refractometric detection methods previously described.25 Blood samples of 1 mL each were 

collected at ten time points after the first and third dose of treosulfan (hours 0, 2, 2:20, 2:40, 

3, 4, 5, 6, 7 and 24) and 2 hours after the second dose. To avoid artificial ex vivo 

degradation, the samples were adjusted to a final pH of 5.5 by adding them to prefilled tubes 

with citrate buffer. Samples were centrifuged at 4°C and 1,000 g for 10 minutes to separate 

plasma. The cell-free supernatant was further microfiltrated and analyzed by reversed phase 

high-performance liquid chromatography (RP-HPLC). Individual PK parameters were 

evaluated by two-compartment disposition modeling using TopFit software, version 2.0.26,27 

PK parameters analysed included area under the curve (AUC), maximum concentration 

(Cmax), half-life (t 1/2), volume of distribution (Vss) and total clearance (CL).

Study design and statistical methods

This primary objective of this study was to determine the safety and preliminary efficacy of 

a regimen of treosulfan-based regimen for children and young adults with AML or MDS 

undergoing allogeneic HCT. The primary endpoint was OS at one-year post-HCT. 
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Secondary endpoints included graft failure, relapse, time to neutrophil and platelet 

engraftment, disease-free survival (DFS), GVHD/relapse-free survival (GRFS), NRM, 

incidence of acute and chronic GVHD, transplant-related toxicities and PK parameters of 

treosulfan in patients weighing less than 40 kg. Transplant-related toxicities were defined as 

organ toxicities not attributable to primary disease, infection or GVHD. Grading of organ 

toxicities was done using National Cancer Institute’s Common Terminology Criteria for 

Adverse Events, version 3.0.

Estimates of OS and DFS were calculated using Kaplan-Meier estimates. Relapse or death 

from any cause were considered failure for the endpoint of DFS. Relapse, death, presence of 

acute GVHD grades III-IV or chronic GVHD were considered failure for the endpoint of 

GRFS. Cumulative incidence curves were used to estimate the probabilities of acute and 

chronic GVHD, relapse, and NRM. Death was treated as a competing risk for neutrophil and 

platelet engraftment, GVHD and relapse. Relapse was considered a competing risk for 

NRM. Statistical significance was evaluated using the Cox regression model. Independent 

variables examined for the regression models included type of disease, disease status at 

HCT, donor and HCT source. All reported two-sided p-values from regression models were 

derived from the Wald test. The statistical analysis was performed using SAS® Enterprise 

Guide (Cary, NC, USA).

Time to neutrophil engraftment was defined as the first of three consecutive days with an 

absolute neutrophil count (ANC) of 0.5 × 109/L or greater. Platelet engraftment was defined 

as the first of three consecutive days with a platelet count greater than 20 × 109/L without 

the need for platelet transfusions. Primary graft failure was evaluated separately for BM/

PBSC and CBU, and defined as lack of donor-derived neutrophil engraftment by day +56. 

Relapse and death from other causes prior to engraftment were considered as competing 

risks for the endpoint of graft failure. Presence of donor engraftment was also assessed by 

chimerism testing in whole blood fractions sorted for T cell lymphoid (CD3) and myeloid 

(CD33) subset markers collected on days +42 (± 14), +100 (± 20), +180 (± 20) and +365 

(± 30). Acute and chronic GVHD were diagnosed and graded using CIBMTR criteria.28,29

RESULTS

Treosulfan PK

BSA-based treosulfan dosing resulted in reliably predictable AUC and Cmax across BSA 

groups (Table 2). Half-life did not differ across groups. Significant differences were 

observed in CL and Vss across treosulfan dose groups, as expected for patients of different 

size. The number of patients sampled for PK and the number of events are too small to reach 

any conclusions regarding the impact of treosulfan dosing in the risk of relapse, engraftment 

or toxicity across groups of differently sized patients.

Engraftment and donor cell chimerism

Three patients were not evaluable for neutrophil engraftment due to never becoming 

neutropenic (n=1) or early relapse (n=2). Neutrophil engraftment occurred in 93% (90%CI, 

87–100%) of the 37 evaluable patients. Median times to neutrophil and platelet engraftment 
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were 19 days (12–28) and 25 days (12–66), respectively. More than 95% of patients 

achieved full donor T-cell and myeloid cell chimerisms by day +100.

Transplant-related toxicity, graft-versus-host disease, and non-relapse mortality

As expected, the conditioning regimen was minimally toxic. There were no instances of 

veno- occlusive disease of the liver or hemorrhagic cystitis. No severe conditioning regimen-

related toxicities occurred on this study including the five patients who had undergone HCT 

previously. In addition, the cumulative incidence of severe grade III-IV acute GVHD by day 

+100 was 14% (90%CI, 6–25). Chronic GVHD developed in 40% (90%CI, 27–54%) of 

patients by one-year. The single non-relapse death was due to GVHD complicated by 

invasive fungal infection on day +288. As a result, the cumulative incidence of NRM at day 

+100 was 0% and at one year reached 3% (90%CI, 0–8%).

Relapse and survival

The one-year cumulative incidence of relapse was 33% (90%CI, 20–47%) All seven patients 

who relapsed died. Figure 1 shows the one-year OS was 80% (90%CI, 69–89%), and DFS 

73% (90%CI, 60–83%). One-year DFS was 63% (90%CI, 46–77%) for the 32 patients with 

AML, and 87% (90% CI, 53–100%) for the 8 patients with MDS.

DISCUSSION

This is the first prospective study using a BSA-based treosulfan regimen in pediatric patients 

with AML or MDS. BSA-based treosulfan regimen was safe and provided excellent disease 

control. Although this regimen was myeloablative, toxicity was minimal. Engraftment was 

robust and sustained, and full donor chimerism was persistent, even in cord blood recipients.

This results in this prospective study are similar to a recent retrospective study of children 

and adolescents transplanted with treosulfan. Boztug et al reported TRM of 14% with three-

year OS of 46% for AML, 64% for MDS23 The novel conditioning regimen used in this 

study resulted in exceptionally low NRM, especially when compared to busulfan-based 

regimens in a similar patient population (3% vs 10.5–20%).30–32 As hypothesized, relapse 

rates were not higher than those observed in busulfan-based regimens, which suggests that 

treosulfan-based regimen may improve survival. Futhermore, other than GVHD, non-fatal 

severe toxicities, including VOD, were essentially absent in this study, which may prove to 

be another benefit from this approach. Treosulfan-based conditioning did not eliminate 

severe GVHD, but the observed GVHD rate in this study was comparable to previously 

reports in similar patient populations.30–33

The BSA-based treosulfan dosing schema used in this study yielded predictable 

pharmacokinetics across groups, confirming that individualized PK adjustment for 

treosulfan is not necessary, a great advantage of this drug compared to busulfan. Ongoing 

prospective pediatric studies in Europe are collecting additional treosulfan PK data in 

children with malignant and nonmalignant disorders undergoing treatment with the same 

BSA-based treosulfan dosing used in our study. This information will be particularly useful 

for determining dosing in infants for whom data remains very limited. If treosulfan is 

confirmed to have a predictable PK profile in these studies, it could become the drug of 
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choice for MAC regimens in children and young adults, given its low toxicity profile without 

the need for individual PK parameter testing.

One current limitation to the use of treosulfan is its lack of availability for commercial use in 

several countries including the United States. Studies in progress in adults with hematologic 

malignancies and children with malignant and nonmalignant disorders are addressing this 

gap, with the goal of making this drug more available in the future, if it proves to be 

effective in larger clinical trials. Our treosulfan-based regimen appears to be at least as 

effective as busulfan-based regimens, with the potential to yield better disease-free survival, 

by virtue of lower NRM with similar relapse rates. Clinical studies comparing busulfan 

versus treosulfan-based regimens in children may provide valuable information towards the 

efficacy of this drug.
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Figure 1. 
Overall and disease-free survival outcomes at 1-year post-HCT

OS: overall survival; DFS: disease-free survival
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Table 1.

Patient and graft characteristics

Variable N(%)

Number of patients 40

Age at HCT (years), median (range) 11 (1–19)

Sex

    Male 16(40)

    Female 24 (60)

BSA, m2

    ≤0.5 5(13)

    >0.5–1 10(25)

    > 1 25 (62)

AML
a 32 (80)

    1st CR 18(56)

    2nd or greater CR 14(44)

MDS 8(20)

    Treated prior to HCT 1 (13)

    Not treated prior to HCT 7(87)

Days from diagnosis to HCT, median (range)

    AML 229(62–1574)

    MDS 83 (29–853)

Second HCT 5(13)

    Previous autologous 1(3)

    Previous allogeneic 4(10)

Cytogenetics at diagnosis for AML patients
b

    Good 2(6)

    Intermediate 18(58)

    Poor 11 (35)

    Unknown 1

CIBMTR disease risk group
c

    Standard 21(52)

    Intermediate 15(38)

    Poor 4(10)

Graft type and HLA-matching

    BM/PBSC 25/6 (62)/(15)

    8/8 related 10

    8/8 unrelated 15

7/8 unrelated 6

Unrelated CBU 9(23)

    6/6 2

    5/6 3
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Variable N(%)

    4/6
d 4

a
6 AML patients had residual detectable disease by flow cytometry at HCT

b
Cytogenetic risk classification

c
Disease risk groups: Standard = AML 1st CR; MDS = refractory cytopenia or refractory anemia; Intermediate = AML 2nd or greater CR; Poor = 

MDS RAEB/RAEB-T

d
2 patients received double CBUs; the lower of the 2 HLA matches was reported
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Table 2.

Treosulfan PK profile by BSA-based dosing groups

Treosulfan dose (g/m2)

10 12 14

N 5 10 4

PK Parameter

Age (years) *,
+

,
#
,
‡ 1 (0.9–1) 6 (4–8) 9 (9–11)

BSA (m2) *,
+

,
#
,
‡ 0.43 (0.38–0.50) 0.86 (0.52–0.99) 1.11 (1.05–1.40)

Weight (kg) *,
+

,
#
,
‡ 9.2 (8.1–14.6) 22.7 (19.4–25.1) 30.7 (30.1–37.5)

AUC (mcg/mL*h)
† 2762 ± 1058 2240 ± 538 2235 ± 96

Cmax (mcg/mL)
† 977 ± 412 799 ± 201 788 ± 28

t½ (h)
† 1.39 ± 0.25 1.49 ± 0.14 1.38 ± 0.11

Vss (L) *,
+

,
† 6.7± 2.3 9.5 ± 2.5 9.9 ± 0.6

CL (mL/min) *,
+

,
† 69.4 ± 22.5 94.9 ± 18.2 104.5 ± 4.5

AUC: area under the curve; Cmax: maximum concentration; t½: half-life; Vss: volume of distribution; CL: total clearance

†
AUC, Cmax, t½Vss and CL expressed in mean + standard deviation (SD)

‡
Age, BSA and weight expressed in median (range)

*,+,#Significant differences between BSA-based treosulfan doses (p < 0.05 (using t-test)):

*
10 vs.12 g/m2;

+
10 vs.14 g/m2;

#
12 vs.14g/m2
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Table 3.

Survival and GVHD outcomes by stem cell source and donor group

Stem cell source Donor*

Outcome‡ BM (n=25) PBSC (n=6) CBU (n=9) Related (n=10) Unrelated (n=21)

Acute GVHD at day +100

    Grades II-IV 5 (0–14) 50 (19–81) 50 (23–77) 0 22 (9–40)

    Grades III-IV 0 50 (19–81) 25 (5–53) 0 18 (5–35)

Chronic GVHD

    at day +180 5 (0–14) 67 (34–92) 38 (13–66) 0 28 (12–46)

    at 1 year 25 (11–42) 67 (34–92) 63 (34–87) 11 (0–34) 46 (27–66)

Off IST at 1 year 60 33 100 60 52

OS at 1 year 72 (56–85) 83 (53–99) 100 70 (45–90) 76 (80–89)

DFS at 1 year 64 (48–79) 83 (53–99) 89 (67–100) 60 (34–83) 71 (54–86)

GRFS at 1 year 44 (28–60) 17 (1–47) 22 (5–48) 50 (25–75) 33 (18–51)

Relapse at 1 year 36 (21–52) 0 11 (0–33) 40 (17–66) 24 (11–40)

NRM at 1 year (n) 0 1 0 0 1

Deaths at 1 year (n) 7 1 0 3 5

Results presented as probability (%) and 90%CI, unless noted otherwise.

GVHD: graft-versus-host disease; IST: immunosuppressive therapy; OS: overall survival; DFS: disease-free survival; GRFS GVHD/relapse-free 
survival; NRM: non-relapse mortality

*
Includes non-cord allogeneic donor sources only.
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