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« Conditioning» = « Preparing » the patient to receive the transplant

1) Introduction

Conditioning
Graft

Roles of the conditioning regimen before HSCT
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To eradicate
malignant

cells

To eradicate
host 
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To suppress
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1) Introduction Roles of the conditioning regimen before HSCT
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ENGRAFTMENT

Graft infusion
1) Introduction

To restore 
hematopoiesis

Graft-versus-
tumor

Graft-versus-
hematopoiesis

GRAFT IMMUNE EFFECTS

DISEASE CONTROL

Roles of the graft



Advanced age
Comorbidities

Heavy previous treatments (i.e. previous autoHSCT)

Reduced intensity conditioning regimens (RIC)

Toxicity

GRAFT IMMUNE EFFECTS

RIC

1) Introduction

ENGRAFTMENTDISEASE CONTROL



Standard myeloablative
(MAC)

Reduced intensity
(RIC)

MYELOABLATION IMMUNOABLATION

1) Introduction
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RIC concepts



Myelosuppression
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Reduced-intensity Myeloablative

TBI   
2 Gy

F/TBI 
2 Gy

F/Cy

F/M   
140

Flag-Ida

Bu8/F/ATG

Cy120/TBI 
12 Gy

Bu16/Cy120

TT-C

F/Cy/TBI 
2 Gy

F/Bu16

Cy200/ATG

Ale/F/M   
140

TLI/ATG

F/Treo42

Cy120/VP/TBI 12-14 Gy

Cy120/TT/TBI 12-14 Gy

Bu16/Cy120/MEL

Classification according to myelosuppressive properties

Myelosuppression

Ale= alemtuzumab
Amsa= amsacrine
ATG= anti-T-cell globulin
Bu= busulfan
Cy= cyclophosphamide
F= fludarabine
Flag-Ida= F+cytarabine

+idarubicine
M= melphalan
TBI= total body irradiation
TL=, total lymphoid irradiation 
TMI= total marrow irradiation
Treo= treosulfan
TT= thiotepa
VP= VP-16

* Non exhaustive list

Standard
Myeloablative

(MAC)

Reduced
intensity

(RIC)

Non 
myeloablative

(NMA)

Intensified
(rarely used)

2) How to choose the appropriate conditioning regimen ?

Irreversible aplasia
HSC support mandatory

Minimal cytopenia
HSC support not mandatory

TT/B/F

Bacigalupo et al. BBMT 2009 



Choice of conditioning

Risk of toxicity Risk of disease relapse Risk of graft rejection

2) How to choose the appropriate conditioning regimen ?



Choice of conditioning

Risk of toxicity Risk of disease relapse Risk of graft rejection

Patient factors

Age
PS

Comorbid conditions

Disease factors
Type of disease

Remission status
Susceptibility to GVT effects

Previous treatments

Graft factors

Graft source (UCB)
Donor type (SIB/UD; 

HLAm/mm)

the appropriate conditioning regimen ?2) How to choose



Common toxicities of standard MAC regimens
 Prolonged aplasia  risks of infections
 GI toxicity: mucositis, nausea/vomiting, diarrhea
 Organ toxicities:

- Liver: Sinusoidal obstruction syndrome (SOS)
- Lungs: Pneumonitis

 Cytokine storm  risk of acute GVHD
 Long-term:  Infertility

Iatrogenic menopause/andropause
2nd malignancies

Patient-related factors2) How to choose



Patient-related factors2) How to choose

Fit

MAC
(intensified)

Not fit
(but fit enough for HSCT)

RIC/ NMA
To limit toxicities



Patient-related factors

• Age

But also depends on
• Performance status (Karnofsky, ECOG)

• Comorbidities
• Organ-specific toxicity risk

≤ 45(-50)y: MAC
> 45 (-50)y: RIC

2) How to choose

How to evaluate fitness?



Patient-related factors

Hematopoietic cell transplantation comorbidity index (HCT-CI)
2) How to choose

Sorror
Blood 2005



Patient-related factors

Hematopoietic cell transplantation comorbidity index (HCT-CI)
2) How to choose

Sorror M. et al. 
Blood 2005; 106:2912-2919

If HCT-CI ≥ 3
 RIC/NMA

(or no HSCT)



 Variable sensitivity of malignancies to graft-versus-tumor effects

From Pingali SR & Champlin RE, BMT 2015

Disease-related factors2) How to choose



Role of RIC versus MAC for specific disease? 
When does MAC improve PFS/OS?  

still to be determined, need of randomized trials
Nice review: Gagelmann et al. Haematologica 2021

But general concepts:
 Indolent diseases, highly sensitive to GVT effects

 RIC

 Aggressive diseases, not in CR 
MAC 

Alternatives: * Sequential conditioning
= 2 steps: cytoreductive chemo + RIC

* Post-transplant interventions
Maintenance drug or cellular therapy

(prophylactic DLI)

Disease-related factors2) How to choose



UCB graft
HLA-mismatched donor (haplo)
 Risk of graft rejection    « immunoablation »

Graft-related factors2) How to choose



Focus on the most common regimens for

- Adult patients

- Hematological malignancies

- HLA-matched related/unrelated donor

(different regimens in pediatrics, non malignant disorders, alternative 
donors)

3) Regimens Most common regimens in Belgium 2022



Most common MAC
 Total body irradiation (TBI)-based MAC
 Busulfan (Bu)-based MAC

MAC regimens3) Regimens

Cy: cyclophosphamide
F-TBI: fractionated total body irradiation (6 fractions of 2Gy; 1 or 2 fractions per day)
Bu: Busulfan

or -6 ≈ -1



Most common MAC   
 Total body irradiation (TBI)-based MAC
 Busulfan (Bu)-based MAC

MAC regimens3) Regimens

 Lymphoid malignancies (eg ALL) : preference for TBI-based MAC 
Penetrance to sanctuary sites – SNC, testis

 Myeloid malignancies: ≈ similar results with both regimens (iv Bu)

but IV Bu not reimbursed in Belgium for adults
oral Bu:  variable bioavailability
 variability in tumor response and toxicity (SOS)
PK monitoring for dose adjustment
TBI-based MAC most often used in Belgium 2022

Nagler et al., JCO 2013; Bredeson et al., Blood 2013



RIC regimens3) Regimens

«Slavin regimen»

Common NMA   

Common RIC   

Flu/TBI
«Seattle regimen»

Flu 90 mg/m2                     - 4 ≈ -
2

TBI 2 – 4 Gy 0

Flu: Fludarabine; Mel: Melphalan; Bu: Busulfan; TBI: total body irradiation

100 - 140



RIC regimens3) Regimens

Common RIC
• Flu-Bu
• Flu-MEL  

No consensus
But recent data suggest better PFS with Flu-MEL

ASH abstract 2019, 
Ciurea S.O. et al.



Anti-human T cell globulins

Human lymphocytes 
(thymocytes or Jurkat cells)

 In vivo T-cell depletion

Anti-T cell globulin (ATG)
ATG Thymoglobulin ®
ATG Grafalon  ®
Can be incorporated into MAC and RIC

Serotherapy in conditioning regimens3) Regimens



 Long half-live in human plasma (up to 6 weeks)

 Incoporation of ATG in the conditioning R
 depletion of recipient immune cells 

  Graft rejection

 depletion of donor immune cells
  GVHD

Serotherapy in conditioning regimens3) Regimens

Anti-T cell globulin (ATG)



Pre-transplant ATG: Meta-analysis (6 RCT, 845 pts)
Leuk Lymph 2017, Arai et al.

Serotherapy in conditioning regimens3) Regimens

Chronic GVHD



Recommandations for ATG use: group of expert
Leuk Lymph 2017, Arai et al.

Serotherapy in conditioning regimens3) Regimens

Bonifazi et al. BMT 2020; 55:1093-1102



Alemtuzumab

= humanized anti-CD52 IgG1 monoclonal antibody

Incorporation into conditioning regimens
 Durable engraftment

Low incidence of GVHD
but concerns regarding infections and relapse 

Immunotherapy in conditioning regimens3) Regimens



  risk of non-engraftment
 risk of GVHD

 Challenge!

 « Adapted » transplant approaches: graft manipulation +/ 
adapted conditioning and GVHD prophylaxis regimen

4) Haplo-transplant



Mains approaches for haplo-HSCT:

4) Haplo-transplant

Baumeister S. et al. Front Immunol 2020 



Tacro + MMF

+4 or+5

4) Haplo-transplant

HSCT

0

(+4)

+ 1 + 2 + 3

Selective depletion
of alloreactive

T cells
(graft reject, GVH) 

Sparing of resting
T cells

(immune reconstit)

Post-transplant Cy (PTCy)

+ other immune effects of PTCy (intra-thymic clonal deletion of 
alloreactive T cells, functionnal impact on T cell response, Treg

expansion and promotion of survival)



4) Haplo-transplant

John Hopkin’s group (Baltimore) NMA-haplo scheme
FLU/Cy/TBI + PTCy

Post-transplant Cy (PTCy)

Graft infusion



4) Haplo-transplant

More intensive conditioning R for haplo with PTCy

Thiotepa/Bu/Flu (TBF) + PTCy
T2B3F:   TT   5mg/kg/j  J-6, -5

Bu 3.2 mg/kg/j J-4, -3, -2
Flu 50mg/m2 J-4, -3, -2

Lower doses of TT and Bu (T2B2F, T1B2F) under investigation 

Post-transplant Cy (PTCy)



4) Haplo-transplant

Haplo with PTCy compared with MUD transplantation
Meta-analysis (BBMT 2020, Arcuri LJ et al.)

Post-transplant Cy (PTCy)

OS



4) Haplo-transplant

Haplo with PTCy compared with MUD trasplantation
Meta-analysis (BBMT 2020, Arcuri LJ et al.)

Post-transplant Cy (PTCy)

Chronic GVHD



4) Haplo-transplant

Haplo with PTCy : PBSC compared to BM in AML adult
patients (Baron et al. Abstract EBMT 2022)

PTCy: BM versus PBSC?

P=0.001 P=0.004

P=0.09



4) Haplo-transplant

PBSC compared to BM in AML adult patients (Baron et al. 
Abstract EBMT 2022)

PTCy: BM versus PBSC?

<55 years old

P=0.88
P=0.29

P=0.17
P=0.21



4) Haplo-transplant

Haplo with PTCy : PBSC compared to BM in AML adult
patients (Baron et al. Abstract EBMT 2022)

PTCy: BM versus PBSC?

> 55 years old

P=0.11 P=0.36

P=0.01 P=0.035



4) Haplo-transplant

Haplo with PTCy : PBSC compared to BM in AML adult
patients (Baron et al. Abstract EBMT 2022)

PTCy: BM versus PBSC?

Conclusions:

PBSC : increase in acute GVHD
No decrease in relapse risk

In patients > 55y: PBSC associated with higher NMR and lower LFS, GRFS and 
OS

 Use of bone marrow prefered for patients > 55 y 



Total body irradiation (TBI)

Antitumor effects

Myeloablation

Immunosuppression

Toxicity✓

✓

✓

MAC if ≥ 500cGy single fraction 
or ≥  800cGy fractionated

High dose TBI: 
common tox of MAC

Parotidis
Thyroid damages
Cataract    

5) Drugs properties



Antitumor effects

Myeloablation

Immunosuppression

Busulfan (Bu), Melphalan (MEL)

✓

✓
MAC if ≥ 8mg/kg Bu (or IV equiv)

or ≥  150mg/m2 MEL

Limited
✗

5) Drugs properties



Toxicity
Bu
High dose: common tox of MAC
Sinusoidal obstructive syndrom
Pneumonitis (rare)
Seizure 
Skin rash, melanodermia
Metabolic disturbances: hyperglycemia, hyperuricemia, hypoK/Mg/PO4

Busulfan (Bu), Melphalan (MEL)

Mel
High dose: common tox of MAC
Severe mucositis 
Pneumonitis (rare)

5) Drugs properties



Antitumor effects

Myeloablation

Immunosuppression✓

High dose: common tox of MAC
GI trouble, colitis
Secondary neoplasms
Leuco-encephalopathy

Toxicity ✓

✓

Thiotepa (TT)5) Drugs properties



Cyclophosphamide (Cy)

Antitumor effects

Myeloablation

Immunosuppression✓

Hemorrhagic cystitis
> hyperhydrat + Mesna 

(if Cy dose > 1 gr/m2)
Cardiotoxicity (high dose)
isADH
Pneumonitis (rare)

≈

≈

Limited

Limited

Toxicity

5) Drugs properties



Fludarabine (Flu)

Antitumor effects

Myeloablation

Immunosuppression✓

Generally well tolerated
Cholestasis
Polyneuropathy
Seizure, coma, cerebellitis (rare)
Pemphigus 

✗

✗

Limited

Limited

Toxicity 

5) Drugs properties



Anti-T cell globulin (ATG)

Antitumor effects

Myeloablation

Immunosuppression✓

✗

✗

5) Drugs properties



Fever, thrills
Pruritus, rash
Bronchospasm
Hypotension
Anaphylaxis
Late serum sickness

Anti-T cell globulin (ATG)

Toxicity

5) Drugs properties



Anti-T cell globulin (ATG)

Toxicity
Fever, thrills
Pruritus, rash
Bronchospasm
Hypotension
Anaphylaxis
Late serum sickness

Pancytopenia
Hemolysis

5) Drugs properties



Thank you for your attention
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