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Standardising busulfan dosage for children and young adults 
In the evolving specialty of haemopoietic stem cell 
transplantation, whatever the source of stem cells and 
whatever the intensity of the conditioning regimen, 
busulfan has always been the major routine constituent 
of any pretransplantation regimen. It has been used in 
almost all types of haematological malignancies for which 
transplantation is needed, such as acute leukaemia and 
myelodysplastic syndromes, lymphomas, and myelomas.1 
Historically, in myeloablative regimens, 1 mg/kg oral 
busulfan was given every 6 h for 4 days to reach a total 
dose of 16 mg/kg.2 Administration was unpleasant and 
sometimes resulted in vomiting. Furthermore, erratic 
gastrointestinal absorption caused unpredictable severe 
toxicity. For many years, what dosage of busulfan to use 
and how to reach the best effi  cacy:toxicity ratio have 
been key questions. Persisting relapses after allogeneic 
stem cell trans plantation have led clinicians to increase 
the dosage, but this has been limited by toxicity, such 
as sinusoidal obstruction syndrome (potentially lethal), 
mucositis, and graft-versus-host-disease, resulting in 
increased non-relapse mortality. 

Attempts have been made to identify optimum 
plasma concentrations with oral busulfan.3 In parti-
cular, Slattery and colleagues4 found that busulfan 
con centration in plasma determines graft survival and 
regimen-related toxicity. Most importantly, they noted 
that busulfan clearance, calculated from the area under 
the curve (AUC), declined with age during the fi rst 
decade of life, which therefore precludes the use of a 
fi xed dose for all ages, especially very young children. 
The introduction of an intravenous formulation of 
busulfan was a major improvement, resulting in a major 
decrease in the incidence of sinusoidal obstruction 
syndrome5 and, in children, a signifi cant improvement 
in the targeting of therapeutic window (87% with 
intravenous busulfan vs 56% with oral busulfan) and a 
signifi cant decrease in variability of drug exposure.6

The calculation of the AUC after the infusion of the fi rst 
dose of intravenous busulfan has become routine for 
further adjustment of the following doses in many centres, 
especially paediatric centres.6 Unfortunately, no consensus 
exists on the best method of calculation, and although the 
association between busulfan exposure and toxicity has 
been widely studied, the eff ect of busulfan exposure on 
patient post-transplantation outcome has yet to be shown.

Imke Bartelink and colleagues’ study,7 in 
The Lancet Haematology, is important for several reasons. 
Even though it is retrospective, it included a large cohort 
of 674 paediatric patients, a diffi  cult population in which 
busulfan clearance varies substantially with age. Patients 
were transplanted over 14 years in 15 major centres in 
Canada, Europe, and the USA. Comparison was made 
between the AUCs estimated by each centre (with various 
methods) on the one hand and, thanks to the availability 
of raw pharmacokinetic data, the recalculated AUCs by 
numerical integration using a non-linear mixed eff ect 
on the other hand. Not only was there no correlation 
between the two AUC assessments (r²=0·35), but also the 
numerical recalculation defi ned an optimum busulfan 
AUC therapeutic window of 78–101 mg × h/L in children 
and young adults, which is narrower than previously 
thought, and was associated with fewer relapses 
(optimum AUC vs <78 mg × h/L AUC hazard ratio 0·57, 
95% CI 0·39–0·84; p=0·0041) and an event-free survival 
of 77·0% (95% CI 72·1–82·9) at 2 years.

This work is important in a time when fi nancial 
constraints have become worrying. Now that we know 
that intravenous busulfan, which is easier to administer 
than the oral formulation, is associated with improved 
event-free survival, if properly monitored, the additional 
cost of about €4000 per conditioning becomes 
negligible in view of the benefi t achieved.

Indeed, already, intravenous busulfan has mostly 
replaced the oral administration.8−10 In 2015, according to 
the registry of the European Society for Blood and Marrow 
Transplantation (EBMT), intravenous busulfan was given 
to 3939 (82%) of 4804 adult patients and 411 (84%) 
of 491 paediatric patients who received busulfan for an 
allogeneic transplantation. Whether this non-mixed eff ect 
numerical AUC assessment will become the standard tool 
worldwide and the optimum intravenous busulfan AUC 
found in the present study will become the recognised 
worldwide target remains to be seen.
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