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Total body irradiation (TBI) in conditioning regimen
for acute lymphoblastic leukemia



 Total body irradiation is commonly used in conditioning regimen for patients with ALL

 Significantly improved OS with TBI, regardless of the conditioning intensity

Marks et al., Blood, 2010 (retrospective study)

93 Ph- ALL patients (CR1 or CR2), > 16 y.o.

. Full-intensity (n = 1428): TBI ≥ 13 Gy 30% / TBI < 13 Gy 60%

. vs RIC (n = 93): TBI < 13 Gy 40%

TBI in conditioning regimen for ALL



 Long-term side effects of TBI are a major concern:

 impaired growth and intellectual development

 pneumonitis

 cataracts

 endocrinologic disturbances

 secondary malignancies

TBI in conditioning regimen for ALL

 With improved genetic testing, GvHD prophylaxis and other advances,

could chemoconditioning replace TBI in ALL?



 International multicenter randomized

phase III noninferiority study

 Pediatrics patients with high-risk ALL

 88 centers in 21 countries

 2013-2018

JCO, 2020; https://doi.org/10.1200/JCO.20.02529

 Exclusion criteria:

 CNS involvement

 Pre-HSCT cranial radiation

 Prior HSCT

 Inclusion criteria:

 < 18 y.o. at diagnosis, 4-21 y.o. at HSCT

 CR pre-HSCT

 MSD or MUD/MMUD

For Omitting Radiation Under Majority age



 TBI arm: (n = 212)

TBI 12 Gy over 3 days + ETO 60 mg/kg D-3

 Chemoconditioning arm: (n = 201)

- Thiotepa 5 mg/kg bid for 1 day

- Fludarabine 30 mg/m²/d for 5 days

- either treosulfan 14 g/m²/d for 3 days

or busulfan over 4 days

 GvHD prophylaxis:

 MSD = cyclosporine A (CsA) only

 MUD/MMUD = CsA + MTX + ATG

Random assignment

413 patients



MRD- 57%
MRD+ 43%

FORUM study

 MRD was assessed 2 weeks before conditioning therapy (bone marrow):

defined as > 10-3 for flow cytometry and > 10-4 for PCR



Median follow-up: 2.1 years

FORUM study – Overall survival
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Median follow-up: 2.1 years

FORUM study – Event-free survival
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FORUM study
Relapse incidence and Treatment-related mortality



There is no subgroup in which 

chemotherapy supplants TBI,

even "favorable prognosis" groups!

TBIChC

FORUM study – Overall survival



FORUM study – Multivariable analyses

aMRD: defined as > 10-3 for flow cytometry and > 10-4 for PCR



 TBI was associated with lower risk of relapse and TRM than chemoconditioning

 early termination of random assignment

 Thiotepa + fludarabine + busulfan/treosulfan have shown high efficacy compared with other conditioning regimens, 

and may be used when TBI isn't available

 MRD levels didn't affect EFS!

 The short follow-up time prevents any conclusion on long-term side effects

 Extrapolation of these results to adults?

FORUM study – Conclusions


