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Conditioning Therapy Intensity



Conditioning Therapy in Stem Cell 
Transplantation:                                          
What is required?

* Myeloablative (=High toxicity) vs Non-myeloablative (=Reduced 

intensity = lower toxicity)

(TBI / Busulfan / Melphalan)              (Lower dose alkylators & 

Fludarabine / Cyclophosphamide)

* Reduced intensity (non-myeloablative) vs Reduced toxicity 

(myeloablative)?

* Disease / patient specific considerations 



*13 males & 11 females, aged 27-53 years (median 39.5 

years) received oral busulphan 1 mg/kg q6 h on days -6 to 

-3, followed by i.v. melphalan 140 mg/m2 on day -2 and 

infusion of cryopreserved haemopoietic cells on day 0

*Of the group of 13 lymphomas, overall and relapse-free 

actuarial survival at 36 months was 64% and 58%, 

respectively,

*The major toxicity seen was gastrointestinal with 

nausea, vomiting and diarrhoea in 17 patients and severe 

mucositis in 22. There was no evidence of 

cardiotoxicity, nephrotoxicity, haemorrhagic cystitis or 

clinical signs of hepatic veno-occlusive disease.



2-16 fold IIV in PK parameters on oral busulfan



*17-114% IIV and 12-103% IOV in CY and HCY PK parameters were observed

*Body Wt and age were the main covariates

*CYP2C9*2 explained a significant portion of the IIV in the clearance





Blood 2012; 120: 473-6



Variables Bu/Cy 

(n=315)*

N (%)

Treo/Thio/Flu  

(n=278)*

N (%)

p 

value

Age

≤ 15

>15

309 

(98.1)

6 (1.9)

248 (89.2)

30 (10.8)

0.000

Pesaro Risk 

group

Class 

1

Class 

2

Class 

3

35 (11.1)

164 

(52.1)

116 

(36.8)

32 (11.5)

54 (19.4)

192 (69.1)

0.000

*3 patients received other conditioning 

regimen

Patient characteristics & conditioning regimens

Bu/Cy: 68.6%±4.8%

Treo/Thio/Flu: 77.5 %±3.0%

p = 0.257

Bu/Cy: 58.8%±4.9%

Treo/Thio/Flu: 72.3% ±3.2%

p = 0.045

Bu/Cy: 57.1%± 7.7%

Treo/Thio/Flu: 73.1%±4.9%

p = 0.098

Bu/Cy: 46.3%±7.6%

Treo/Thio/Flu: 70.6%± 5.0%

p = 0.010

Outcome of Allogeneic Stem Cell Transplantation for 

Thalassemia Major in India

Comparison by Conditioning Regimen: Bu/Cy vs Treo/Flu/Thiotepa (2000 

– 2014) (n=593)

(Combined data from 6 HSCT centres)

Fouzia et al, ASH Abstract 2015

Cost of original Treosulfan

very high – Generic drug now 

available in India

All 

Patients

Class 3 HR 

Patients



Evaluation of a generic Treosulfan in India

TreoE TreoMTreoETreoM

P=0.0003 P=0.0004

Comparison of Treo PK parameters showed high inter-individual variation
(IIV) in AUC and Cl. AUC values of 13/15 patients receiving TreoE were in the
range of the lowest quartile of TreoM.

The IIV was >30 fold with TreoM and ~10 fold with TreoE for AUC.

Clin Pharmacol Ther 2018 Sep;104(3):575-583



Korula et al, Biol Blood Marrow Transplant 24 (2018) 103

Second Hematopoietic Stem Cell Transplant for Thalassemia 

Major: Improved Clinical Outcomes with a Treosulfan Based 

Conditioning Regimen 



The science behind gene therapy

DNA (gene)
Transgene carried 

by vector
Gene therapy

Transgene 

released into 

target cell

Gene expresses 

proteins

Target cell

Functional  

protein available

12

*Use of nucleic acids (DNA / RNA) for treatment, cure or prevention 

of human disorders1

*Substituting an exogenous functional gene or disrupting function 

of an active gene

1. Kaufmann, KB et al. EMBO Mol Med 2013;5:1642–1661

Transgen

e

Vector                 
(Viral / 

Non-viral)



Modalities of Gene Therapy – In vivo and 

Ex vivoEx vivo hematopoietic stem cell 

(HSC) or Immune cell -

Integrating Vector (RV/LV)

In vivo tissue-targeted 

AAV (or LV) gene therapy

In-Vivo Pros In-vivo Cons

*Bulk central 

manufacturing 

*Variable initial 

expression

*Easy peripheral 

vein administration

*Decline of 

expression after 6-

12 months (FVIII)

*High safety 

profile

*High ineligibility 

due to anti-AAV Ab

*Only for >12 

Ex-vivo Pros Ex-vivo Cons

*No age barrier *Personalized 

product 

manufacturing

*Anti-AAV Ab not a 

barrier

*Stem cell 

transplant related 

toxicities 

*Sustained 

expression

*Offsite 

integration issues

AAV 

vect

or





Conditioning:

Busulfan (IV) – 3.2mg/kg/day 

x  4 days

(Dose targeted with PK)

Engraftment:

Neutrophil: 23 days (Range: 13-

32)

Platelet: 46 days (Range: 20-94)

Duration of severe cytopenia?? N Engl J Med. 2022;386(5):415-
427.



NEJM 2024 May 9;390(18):1649-62



NEJM 2024 May 9;390(18):1663-76



N Engl J Med 

2022;386:415-27

N Engl J Med 

2024;390:1663-76

Busulfan based 

MAC 

conditioning: 

Targeted Bu 

levels

Engraftment:

Neutrophil: 29 days (range, 12 

to 56)

Platelet: 44 days (range, 20 to 
200)

Engraftment:

Neutrophil: 23 days (range, 13 

to 32)

Platelet: 46 days (range, 20 to 
94)

Grade 3-4 mucositis: 

40-60%

SOS/VOD: 10-13% 



Cytotherapy 2025; 

27: 78-84



Published online 9th Dec 2024; N Engl J 

Med 2025;392:450-457
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CD68-ET3-LV CD34+: Mechanism of 

action
• 3rd generation SIN-LV 

• Bioengineered ET3 

transgene:

• Enhanced secretion and 

reduced cell stress related 

toxicity

• Human CD68 internal 

promoter:

• Directs ET3 expression to 

CD68 expressing cells 

(monocytic phagocytes, 

osteoclasts, and 

macrophages) 

• No ET3 expression in HSCs 

or HSPCs

• Designed for lifelong 

durability Human Gene Therapy. 2018, doi: 

10.1089/hum.2018.137. 



Lentiviral gene therapy with CD34+ Hematopoietic Cells for 

Hemophilia A

A Phase 1 Clinical Trial –

 An aliquot of unmodified CD34+ HSCs will be cryopreserved for rescue, if needed

Stem Cell Dose - >2x106 CD34+/kg after transduction

Stem cell mobilisation for HSCT 

• G-CSF 5g/kg/day x bd x 5 days + 

Plerixafor 0.24mg/kg 

HSCT – Conditioning Protocol

• Treosulfan – 14 g/m2 x 3 days (Days -5 to -3)

• Fludarabine – 40mg/m2 x 4 days (Days -5 to -2)

 Autologous transduced HSC infusion (Day 0) 

N Engl J 

Med 2025;392:450-457



Lentiviral gene therapy with CD34+ Hematopoietic Cells for 

Hemophilia A

Baseline Characteristics of Treated Participants and the Final Gene-Therapy 
Drug Product

Group 1: P1 & 3; Group 2: 

P6, 7, 8

N Engl J 

Med 2025;392:450-457



Lentiviral gene therapy with CD34+ Hematopoietic Cells for 

Hemophilia A

HSC Transplantation: Engraftment, Toxicities & FVIII 

expression

*Engraftment:

-Neutrophil (median): 11 days (range: 10-12)

-Platelet (median): 15 days (range: 12-15)

*Duration of Cytopenia:

-Severe Neutropenia (median): 8 (range: 7-11)

-Severe Thrombocytopenia (median): 3 days (range: 

1-7)

*Last day of CFC infusion (median): 16 days 

(range: 11-20)

*Follow-up (median): 20 months (range: 15-33)

*Conditioning related mucositis: <Grade 2 

-All participants maintained oral intake 

through-out HSCT

*Clinically relevant hepatic, renal or other 

organ toxicities - Nil

Semen examination (first 4 participants at >6 

months post-GT)  *Sperm count – Normal range: 4 

/ 4 (1 with reduced motility) 

*HSCT – Conditioning Protocol - Treosulfan

/ Fludarabine 

N Engl J 

Med 2025;392:450-457



Lentiviral gene therapy with CD34+ Hematopoietic Cells for 

Hemophilia A

Serial Factor VIII Activity (One-Stage Assay) after Gene Therapy

© The New England Journal of 

Medicine (2025)

Group 2

Group 1

Group 1

Group 2

All participants continue to maintain consistent expression of FVIII 

with no safety related signals



FERTILITY in HAEMATOLOGICAL 

MALIGNANCIES



Conventional Conditioning - Allo-HSCT
Gonadal Recovery –

Conventional Conditioning 

Busulfan & TBI based conditioning associated with  high incidence 
of gonadal toxicity with recovery of function in 10-18% of patients



Biol Blood Marrow Transplant 25 

(2019) 17861791

*Treo associated with a favourable post-HSCT 

hormonal profile

[SM = Spontaneous 

menarche]



Much higher gonadal toxicity if 

Busulfan at >8mg/kg compared to 

Treosulfan even at 36-42 g/m2

Gonadal Toxicity of Treosulfan vs Busulfan 

containing regimen



Conditioning Regimen in Haematopoietic Stem Cell 

Transplantation

Choice depends on –

After nearly 65 years of HSCT practice,                                                                  

science of conditioning therapy remains 

imprecise

• 1.Disease & its status

• 2.Age & comorbidities

• 3.Type of donor

• 4.Source of graft

• 5.Prior therapy received

• 6.Planned GVHD prophylaxis

• 7.Options available

• MAC for younger / fit patients

• -AML (<55 yrs) / ALL (<45 

yrs)

• TBI based conditioning – Mostly 

for ALL

• Treosulfan good substitute for 

Busulfan in all MACs

• FM140 – Close to any MAC

• RIC for Lymphomas – FM100/2 Gy

TBI or Flu/Cy/2 Gy TBI

• RIC also for elderly (>55yrs) / 

co-morbidities First Busulfan conditioning related death in 

thalassemia gene therapy 

(Reported at ASH 2025) 
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