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• Treosulfan is a water-soluble, bifunctional alkylating agent.

• Treosulfan is a prodrug (pH >5 dependent activation )

• NOT require enzymatic activation or hepatic metabolism

• LOW INTER- and INTRAPATIENT VARIABILITY

• NOT require DRUG LEVEL MONITORING and ADJUSTMENT

Danylesko et al., 2011 
Romanski et al., 2017

Shimoni et al., 2018

Treosulfan – Phamacologic Profile



Treosulfan is an attractive candidate for allo-HSCT conditioning regimens

• Treo induces deep and stable Myelosuppression on committed and
non-committed stem cells

• BM suppression at a dose of 10 g/m2 

• Max tolerated cumulative dose from 10 up to 14 g/m2

before mucositis, diarrhea, dermatitis, or metabolic acidosis became dose-limiting.

• No episodes of severe hepatotoxicity or central nervous system toxicity were observed.

• Low pro-inflammatory cytokine release
 Facilitate stem cell engraftment 
 Low GVHD

Westerhof et al., 2000
Sjoo et al., 2006

Danylesko et al., 2011
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The question is :

Is Treosulfan a distinctive and interesting candidate for
conditioning regimens in Allogeneic Hematopietic Stem Cell Transplantation? 



Allo-HSCT indications 

Diseases Age mean

1) AML 68 yy

2) ALL 60 yy 

3) MDS 70 yy

4) NHL 50-60 yy

5) MPNs 70 anni

Passweg, J. R. et al. Bone Marrow Transplant. 55, 1604–1613 (2020).
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MC-FludT.14/L study 

Inclusion criteria:
- AML in CR or MDS

-aged ≥ 50 ys at HSCT

-and/or a HCT-CI score >2

- Karnofsky Index ≥ 60%

Beelen et al., Lancet Haematol. 2019

Prospective Randomised controlled clinical trial

Objective:
-Non-inferiority of treo-based conditioning vs. busulfan based regime
-To compare the associated safety profiles



Beelen, AJH 2022

EFS

Follow up with 570 patients reached superiority



CIR TRM

Beelen, AJH 2022



EMA Approval for FT10 as Part of Conditioning Treatment 
Before Allo-SCT

EMA, European Medicines Agency.
Treosulfan [PI]. EMA. Published July 22, 2019. Updated January 25, 2023.

Treosulfan in combination with 
fludarabine is indicated as part 
of conditioning treatment before 
allo-HSCT in adult patients with 
malignant and nonmalignant 

diseases

For malignant disease
Treo 10 g/m² given on 3 consecutive 
days (days −4, −3, −2) before stem cell 
infusion (day 0) 
Flu 30 mg/m² given on 5 consecutive 
days (days −6, −5, −4, −3, −2) before 
stem cell infusion (day 0)



Tailored Conditioning.Regimen
Max Efficacy vs Min Toxicity

↑ intensity / myelosup.
Immunosuppression

MAC

intermediate intensity
MAC

@  «REDUCED TOXICITY»

Immunosuppression
intensity/myelosup

RIC

Intensity/MyelosuppressionIntensity/Myelosuppression

Immunosuppression

FT10

Spyridonidis A, et  al. Bone Marrow Transplant. 2020;55(6):1114-1125.
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• Retrospective multicenter study of “Apulian Hematological Network”
1 "Vito Fazzi"Hospital, Lecce; 
2 "Casa Sollievo della sofferenza“ Hospital, San Giovanni Rotondo
3 "CTMO Grande Ospedale Metropolitano Bianchi-Melacrino Morelli", Reggio Calabria
4 "Civile“ Hospital, Pescara

• From Jun 2019 to Dic 2023 
AML older than 65 years

• Conditioning Regimen:
Treo 30 gr/m2, Flu 150 mg/m2; followed by PTCy (FT10) 

• Donor type
Haploidentical

• Stem cell source
Peripheral blood stem cells

• Endpoint
OS, DFS, ICR, NRM, GVHD, safety

EBMT 2024 Poster A131 - Abstract 1593 



AML characteristic N° patients

N° patients 35

Age, years, median (range)
• < 70, n (%)
• ≥ 70, n (%)

69 (65-74)
22 (63)
13 (37)

Sex, n (%)
• Male
• Female

22 (63)
13 (37)

ECOG, n (%)
• 0
• 1-2

8 (23)
27 (77)

KPS, n (%)
• ≥ 90
• < 90

22 (63)
13 (37)

Comorbidities, n (%)
• ≤ 2
• ˃ 2

18 (51)
17 (49)

AML response and treatment N° patients

N° patients 35

Response, n, (%)

• CR/MRD NEGATIVE

• CR/MRD POSITIVE

• < CR

20 (58)

8 (22)

7 (20)

N° Line pre haplo HSCT, n (%)

• 1 Line

• 2 Line

28 (80)

7 (20)

1° line treatment, n (%)

• Chemoterapy

• HMA + Venetoclax

15 (43)

20 (57)

2° line treatment, n (%)

• HMA/Venetoclax

• Gilteritinib

4 (57)

3 (43%)

EBMT 2024 Poster A131 - Abstract 1593 

Transplant characteristic N° patients
N° patients 35

Time diagnosis to HAPLO-PT-CY 

months (range) 11 (5-77)

HCT-CI (SORROR) n, %

• ≤ 2

• ≥ 3

17 (48)

18 (51)

Donor Kinship, n, %

• Brother/sister

• Child

• Niece

8 (23)

23 (66)

4 (11)

Donor age, y, median (range) 38 (23-62)

EBMT 2024 Poster A131 - Abstract 1593 



OVERALL SURVIVAL DISEASE FREE SURVIVAL
MEDIAN FOLLOW UP 

15 months (range 2-54)
MEDIAN FOLLOW UP 

15 months (range 2-54)

EBMT 2024 Poster A131 - Abstract 1593 



DISEASE STATUS 
BEFORE Haplo-HSCT

• CR/MRD NEGATIVE
• CR/MRD POSITIVE

• No CR

OS 12 months: 79% 

OS 12 months: 62%

OS 6 months: 42%

P= 
0.0001

EBMT 2024 Poster A131 - Abstract 1593 



GVHD 
score 2-4

GVHDc 40% 

GVHDa 13% 
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EBMT 2024 Poster A131 - Abstract 1593 









Centri Attivi: 14 Pazienti arruolati: 7





F. Milano et al. Blood Adv. 2025 Feb 19



Treosulfan-Based Conditioning Regimen: TBI vs no-TBI 

−3 0−4 −2 −1Days −5−6

Treo
10 or 14 g/m2/d

+3+1 +6 +11 +56 +180

Tacrolimus twice daily

MMF

FLU 30 mg/m2/d

• Deeg J, et al. Biol Blood Marrow Transplant. 2018 May;24(5):956-963

TBI
2 Gy



Clinical Outcomes OS PFS

AML

MDS

TBI
TBI

No TBI No TBI

• Deeg J, et al. Biol Blood Marrow Transplant. 2018 May;24(5):956-963



Tailored Conditioning.Regimen
Max Efficacy vs Min Toxicity

Spyridonidis A, et  al. Bone Marrow Transplant. 2020;55(6):1114-1125.

↑ intensity / myelosup.
Immunosuppression

MAC

intermediate intensity
MAC

@  «REDUCED TOXICITY»

Immunosuppression
intensity/myelosup

RIC

Intensity/MyelosuppressionIntensity/Myelosuppression

Immunosuppression

FT10



FB4 is the standard MAC for young AML patients

» Rambaldi A. et al, . Lancet Oncol. 2015 Nov;16(15):1525-1536. doi: 10.1016/S1470-2045(15)00200-4. Epub 2015 Sep 28. PMID: 26429297.

FB4 is safer than BuCy



EBMT Experience: Bu-based vs Treo-based regimens

Shimoni et al., 2018

Role of FT14 in patients with advanced disease at SCT

TreoTreo

•In patients with active disease at HSCT the 2-year OS rate was 49% after FT14, compared to 31% of patients who
received FB4 (p = 0.004).

•In Multivariate analysis patients reciving FT14 subset confirmed a better OS for FT14 compared with FB4 (HR, .60; p =
0.008)



FT14 study

Prospective Phase II study on Safety and Efficacy of 
Fludarabine plus Treosulfan (14 g) (FT14) 

conditioning regimen for allogeneic Stem Cell 
Transplantation (allo-SCT) in Acute Myeloid

Leukemia (AML) patients (≥40 <65 years) 

FT14 – Study
Start-November 2022



FT14 study design 
Inclusion criteria (the same as FB4)

•Patients >40 <65 years of age

•Diagnosis of AML in first CR/CRi/MLFS

•Eligible for allo-SCT from HLA-identical matched related or unrelated donor as defined by molecular 
high-resolution typing (4 digits), as evaluated  at the following four HLA gene loci (HLA-A, B, C, and 
DRB1)

•Adequate hepatic function (bilirubin ≤2 UNL; ALT/AST ≤2,5 UNL)

•Adequate renal function (creatinine clearance ≥50 ml/min)

•ECOG Performance Status < 2

•Willing and able to comply with all of the requirements and visits in the protocol.

•Written and signed informed consent



FT14 Study design 
Primary Objective
To prospectively evaluate the safety and efficacy of the FT14 conditioning regimen for allo-
SCT in AML pts (≥40 <65years).

Primary endpoint is :

- 1 year Leukemia-free survival (LFS) after allo-SCT

FT14 : Fludarabine (30 mg/m² x 5 days) + Treosulfan (14g/m2 x 3 days) 
CSA +MTX +ATG T/F: GVHD Prophylaxis



FT14 study design 
Sample size: 82 patients

This sample size has been calculated on the basis of expected LFS after allo-HCT with FB4
conditioning regimen in AML patients in complete hematological remission (LFS 65% at 1y)
compared to that expected after a regimen including treosulfan, an agent associated to lower
toxicity and higher anti-leukemic activity compared to busulfan.

A sample size of 82 patients achieve a power of 80% to detect a non inferiority of 5% using
a one-sided exact one binomial test with a significance level alpha of 0.05. These results
assume a 1-year LFS of 65% (FB4) and the difference in the 1-year LFS under the alternative
hypothesis is +8%. Null hypothesis will be rejected if 57 or more patients will be alive and
disease-free at 1y after transplant.

If more than 61 patients will be alive and leukemia-free at 1y FT14 superiority will be
demonstrated (power 44%).



Features

Start Enrolment 10th November 2022
Participating Centers-GITMO
N° pts to be enrolled
N° pts enrolled (last 24-3-25)                                                                                      
Screen Failure
N° Pts Transplanted
Interim analysis @ 27-March-25 on 75 pts

13
82
82 
3
75

Median Age pts 

MUD, n (%)
Sibling, n (%)

56 yy (51-60)

55 (73%)
20 (27%)

Bone Marrow, n (%)
Peripheral Blood, n (%)

5   (7%)
70 (93%)

FT14 Study Overview @ 27th March -2025

Radici et al., Oral presentation, EBMT 2025



Features Pts Transplanted (n=75)

Hemat. recovery
PMN > 1x10^9/L, median days 
PLT > 50x10^9/L, median days 

Graft Failure (primary / secondary), n (%)

16.5  (13 – 21)
17.0  (14 – 27)

0 (0%)
Acute GVHD, n (%) 
Grade I
Grade II
Grade III
Grade IV

24 (32%)
11 (21%)
6 
3                
1 

Chronic GVHD, n (%)
Mild
Moderate

6 (8%)
4 
2 

Relapse after allo-HSCT, n (%)
@ day 180,    n 
@ day 365 >, n

7 (9%)
4 
3 

Transplant Related Mortality , n (%)
0 -100      n 

180 – 365 n

3 (4%)
1
2

Survival Outcomes
1year-LFS
1- OS

89%
91%

FT14 Transplant Outcomes @ 27th March 2025 

13%

Radici et al., Oral presentation, EBMT 2025



1-year LFS: 89% 

According to the predefined statistical design, the observed 1-year leukaemia-free survival (LFS) rate of 89% with 
FT14 suggests superiority over FB4, as it markedly exceeds the threshold of 61 patients alive and leukaemia-free at 1 

year required to demonstrate superiority (power 44%).

Radici et al., Oral presentation, EBMT 2025



FT14 Study 
Many Thanks!!

Participating Centers 13

Brescia  PI      (13) Modena               (1)

Ancona             (7) Reggio Calabria (10)

Ascoli Piceno   (1) Napoli                   (5)

Cuneo             (11) Udine                    (4)

Firenze              (1) Venezia (13)

Milano-Policlin (4) Verona                  (5)

Milano-HSR      (7)



FT10: Treosulfan 10 g/m2 x 3 days (total dose: 30 g/m2) 
+ Fludarabine 30 mg/m² x 5 days

FT12: Treosulfan 12 g/m2 x 3 days (total dose: 36 g/m2) 
+ Fludarabine 30 mg/m² x 5 days

FT14: Treosulfan 14 g/m2 x 3 days (total dose: 42 g/m2) 
+ Fludarabine 30 mg/m² x 5 days 

Fluda-Treo (FT) Platform: Flexible – Effective – Low Toxic

TCI = 1.5 - RIC

TCI = 3.5 – Tox

TCI = 2.5 - Tox



Tailored Conditioning.Regimen
Max Efficacy vs Min Toxicity

Spyridonidis A, et  al. Bone Marrow Transplant. 2020;55(6):1114-1125.

↑ intensity / myelosup.
Immunosuppression

MAC

intermediate intensity
MAC

@  «REDUCED TOXICITY»

Immunosuppression
intensity/myelosup

RIC

Intensity/MyelosuppressionIntensity/Myelosuppression

Immunosuppression

FT10

FT14
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Prof. Domenico Russo
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Dott. Enrico Morello
Dott.ssa Vera Radici
Dott. Mirko Farina
Dott. Gabriele Magliano
Dott. Marco Galli
Dott.ssa Gloria Vaira
Dott.ssa Giulia Brambilla
Dott.ssa Elsa Cavagna
Dott.ssa Maria Cristina Brunori
Laboratory CREA
Prof.ssa Simona Bernardi
Dott.ssa Federica Re
Dott. Alessandro Leoni
Dott. Luca Garuffo
Dott. Simone Pellizzeri
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