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TDM monograph busulfan 

Synonyms: busilvex 
 

Summary 
Indication: Patients undergoing myeloablative allogeneic HCT with intravenous 

busulfan. 

Sample material: Plasma (1) 

Time of sampling:  AUC-based monitoring, Bayesian estimation: 
It is advised to draw at least 4 samples after the first infusion of busulfan on 
day 1:  
• Sample 1: approximately 5 minutes after end of infusion.  
• Sample 2: approximately 1 hour after end of infusion. 
• Sample 3: approximately 2 hours after end of infusion. 
• Sample 4: approximately 3 hours after end of infusion. 
 
Additional sampling 
In case of a dose adjustment ≥25% or in the presence of risk factors for 
toxicity, TDM on the following day of treatment is advised. 

Storage conditions: The whole blood samples need to be refrigerated directly after sampling. 
The samples need to be centrifuged to plasma and stored at -20°C or -80°C 
to avoid degradation, preferably within 12 hours of collection (1,2) (1)  

Interpretation: Target exposure  
Children: 
4-day cumulative AUC (AUCcum day 0-4) 80-100 mg*h/L, with TDM-guided 
dose adjustment targeting an AUCcum day 0-4 of 90 mg*h/L (3). 
 
Adults:  
The target exposure is most likely similar to children, but various exposures 
can be applied. 

Evidence level: Pediatric population: 2 
Adult population: 2-3 
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Abbreviations: 
aGVHD = acute graft-versus-host disease  
ABW = actual body weight (ABW)  
AIBW = adjusted ideal body weight  
AML = acute myeloid leukemia 
ASBMT = American Society for Blood and Marrow Transplantation 
BSA =body surface area 
Bu = busulfan 
cGVHD = chronic graft-versus-host disease  
Clo = clofarabine 
Cy = cyclophosphamide 
EFS = event-free survival 
Eto = etoposide 
Flu = fludarabine 
HCT = hematopoietic cell transplantation  
IBW = ideal body weight  
Mel = melphalan 
MDS = myelodysplastic syndromes 
OS = overall survival 
RIC = reduced-intensity conditioning 
Q6H = four times daily dosing 
Q24H = one time daily dosing 
TDM = therapeutic drug monitoring 
TRM = transplant-related toxicity 
TT = thiotepa 
VOD/SOS = veno-occlusive disease/sinusoidal obstructive syndrome 
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Introduction 
 
The alkylating agent busulfan is widely used as part of conditioning regimens in children and adults 
undergoing allogeneic hematopoietic cell transplantation (HCT). It is characterized by a narrow therapeutic 
window and a high inter- and intra-patient pharmacokinetic variability. In children, underexposure has been 
associated with graft failure and disease recurrence, whereas overexposure has been associated with 
toxicity, such as veno-occlusive disease/sinusoidal obstruction syndrome (VOD/SOS) (3,4). 

ryu 

Dosing guidelines 
 

Myeloablative conditioning in children and adults 

The busulfan dose can be based on body surface area (BSA), body weight or a mix of both (5). In most 
studies, the busulfan dose was calculated based on the patients weight (mg/kg) or BSA (mg/m2). 
 
Dosing frequency 
Busulfan can be administered once daily (Q24H) or four times daily (Q6H) with similar efficacy and safety in 
children and adults (6–12). Intravenous busulfan Q24H dosing is preferred over Q6H dosing, because 
dosing Q24H reduces time and costs in patient care (13) and is more convenient due to the short shelf life 
(8 hours) and logistics (4 times daily preparation and administration) (14).  
 
Myeloablative conditioning: 

• Four times daily (Q6H) 

o Children: see the product information (14). 

o Adults: see the product information (14). 

• Once daily (Q24H) 

o Children and adults: Bartelink et al. proposed a model-based body-weight dependent 

dosing nomogram for different busulfan exposure targets in the pediatric and adult 

population for once daily administration of intravenous busulfan with TDM-guided dosing 

(Table 1) (15). 

 Myeloabalative  

Target AUC day 0-4 

90 mg*h/L 

Non-myeloabalative  

Target AUC day 0-3 

60 mg*h/L 

JMML 

Target AUC day 0-4 

75 mg*h/L 

Other regimens 

Target AUC day 0-3 

75 mg*h/L 

kg Dose (mg) Dose Dose (mg) Dose Dose (mg) Dose Dose (mg) Dose (mg/kg) 
  (mg/kg)  (mg/kg)  (mg/kg)   

3 11 3.8 10.1 3.4 9 3.2 12 4.3 

5 24 4.7 21.0 4.2 20 3.9 27 5.2 

7 36 5.1 31.7 4.5 30 4.3 40 5.7 

8 41 5.2 36.9 4.6 35 4.3 47 5.7 

9 47 5.2 41.9 4.7 39 4.3 52 5.7 

11 58 5.2 51.3 4.7 48 4.3 64 5.7 

13 68 5.2 60.1 4.6 56 4.3 75 5.7 

https://www.ema.europa.eu/en/documents/product-information/busilvex-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/busilvex-epar-product-information_en.pdf
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15 77 5.1 68.2 4.5 64 4.3 85 5.7 

16 81 5.1 72.1 4.5 68 4.3 91 5.7 

20 97 4.9 86.3 4.3 81 4.1 108 5.5 

23 108 4.7 95.9 4.2 90 3.9 120 5.2 

25 115 4.6 102 4.1 95 3.8 127 5.1 

30 130 4.3 115 3.8 108 3.6 144 4.8 

35 143 4.1 128 3.6 120 3.4 160 4.5 

40 156 3.9 138 3.5 130 3.3 173 4.4 

45 167 3.7 148 3.3 139 3.1 185 4.1 

50 177 3.5 157 3.1 148 2.9 197 3.9 

55 187 3.4 166 3.0 155 2.8 207 3.7 

60 195 3.3 174 2.9 163 2.8 217 3.7 

65 204 3.1 181 2.8 170 2.6 227 3.5 

70 212 3.0 188 2.7 176 2.5 235 3.3 

75 219 2.9 195 2.6 183 2.4 244 3.2 

80 226 2.8 201 2.5 188 2.3 251 3.1 

85 233 2.7 207 2.4 194 2.3 259 3.1 

90 240 2.7 213 2.4 200 2.3 267 3.1 

95 246 2.6 219 2.3 205 2.2 273 2.9 

100 252 2.5 224 2.2 210 2.1 280 2.8 

Table 1. Dosing nomogram for different busulfan exposure targets in the pediatric and adult population for once daily 
administration of intravenous busulfan. JMML = juvenile myelomonocytic leukemia.  

 

Dosing guidelines in patients with altered pharmacokinetics 

Obese patients 

The current American Society for Blood and Marrow Transplantation (ASBMT) guidelines and product 
information both recommend calculating the initial intravenous busulfan dose based on the adjusted ideal 
body weight (AIBW) (14,16). The AIBW can be calculated with the equations as shown below, using the 
ideal body weight (IBW) and actual body weight (ABW) and a factor of 25% to account for the differences. 
 
AIBW = IBW + 0.25 (ABW – IBW). 
IBW men(kg) = 50 + 0.91 x (length in cm – 152) 
IBW woman(kg) = 45 + 0.91 x (length in cm – 152) 
 

Indications/Criteria for TDM 
 
Busulfan meets most of the criteria for TDM. It exhibits large interindividual variability in pharmacokinetics, 
there is an association between busulfan exposure and outcomes (both in terms of toxicity and efficacy) 
with a reasonably defined exposure target in specific patient populations, particularly in children, and the 
pharmacological response is not readily assessable. In addition, the clearance of busulfan often decreases 
during the course of treatment, further necessitating repeated TDM-guided dosing (5). 
 

Reference values 
 

Efficacy: 
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• Cumulative AUC day 1-4 (AUCcum day 0-4) of 80-100 mg*h/L, with TDM-guided dose adjustment 

targeting an AUCcum day 0-4 of 90 mg*h/L (3) 

 

 

Toxicity: 

• AUCcum day 0-4 >101 mg*h/L (3) 

 

Efficacy 

Myeloablative conditioning 

Target exposure in children and adults 
An optimal exposure target of 80-100 mg*h/L is advised in pediatric patients receiving allogeneic HCT with 
myeloablative conditioning. For practical reasons, an optimal AUCcum day 0-4 of 85-95 mg*h/L is often used in 
clinical practice, with (repeated) TDM-guided dose adjustments, targeting an AUCcum day 0-4 of 90 mg*h/L.  
In adults with myeloablative conditioning, the optimal exposure target but has not yet been clearly 
substantiated in the literature, but is likely similar (80-100 mg*h/L, with a target for TDM-guided dose 
adjustment of 90 mg*h/L). However, various targets can be applied, depending on factors such as indication 
and conditioning regimen. 
 
Children 
In pediatric allogeneic HCT patients with myeloablative conditioning, busulfan exposure has been linked to 
clinical outcomes. Target AUCcum day 0-4 exposures of 76.8 – 96 mg*h/L (in combination with Flu), 76.8 - 86.4 
mg*h/L (in combination with Cy), and a lower limit of 57.6 mg*h/L have been proposed (17–22). In the 
largest study involving mostly children and young adults (N=674), Bartelink et al. compared the impact of 
different busulfan exposures on overall survival (OS), transplant-related mortality (TRM), relapse, and 
event-free survival (EFS). They defined an optimal AUCcum day 0-4 of 78-101 mg*h/L (3). The optimal AUCcum 

day 0-4 was independent of the conditioning regimen used, implicating that this target (78-101 mg*h/L) is 
applicable in various regimens. In a study with pediatric and adult patients that compared TDM vs. 
conventional dosing, the group with TDM (mean AUCcum day 0-4 of 99 mg*h/L) had better OS and progression 
free survival than patients without TDM, while toxicity rates were similar in both groups (23). 
 
Adults  
The optimal busulfan exposure target in adults varies among study analyses, with a wide range being 
described in the current literature. Various AUCcum day 0-4 targets have been proposed, ranging from 72.8-
81.6 mg*h/L (24), 64.0-98.8 mg*h/L (25), 78-101 mg*h/L (3) and an upper limit of 88.7 mg*h/L (26). These 
findings are mostly in agreement with the European Society for Blood and Marrow Transplantation 
guidelines for HCT for inborn errors of immunity, in which a more narrow target of 85-95 mg*h/L is 
recommended for myeloablative conditioning in both children and adults (27). 
 

Toxicity 
Toxicity of busulfan may include mucositis, neurotoxicity (seizures), a/cGVHD, pulmonary toxicity, and 
VOD/SOS. In specific, a/cGVHD (3,22,28), TRM (3,29), and VOD/SOS have been associated with 
supratherapeutic busulfan exposure (AUCcum day 0-4 > 101 mg*h/L (3), > 86.4 mg*h/L (29)) (Appendix 3).  
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Conditioning with Bu/Flu(/Clo) may result in less toxicity, as compared to Bu/Cy (in particular a lower risk for 
non-relapse mortality and a reduced incidence of VOD/SOS and infections), while clinical efficacy profiles of 
both regimens were similar (30–33). 
 

Sampling conditions 
 
Collection of blood samples 

• Q6H and Q24H dosing: the first day and after the first dose of busulfan treatment.  
The collection of the blood samples should take place as follows: 

• The blood samples should be drawn according to the general rules for blood collection from a 
central venous line. It is advised not to collect the material from the lumen via which busulfan 
was administered. The exact times the samples were drawn should be written down.  

o Sample 1: approximately 5 minutes after end of infusion.  
o Sample 2: approximately 1 hour after end of infusion. 
o Sample 3: approximately 2 hours after end of infusion. 
o Sample 4: approximately 3 hours after end of infusion. 

• In case of TDM on therapy day 2 or 3 a through sample approximately 24h after infusion can be 
considered. This sample can be drawn approximate 5 minutes before the next busulfan 
administration.  

 
Repeated TDM 

• In patient with risk factors or in case of a dose adjustment of 25% or more, TDM on the following 
day of treatment is also advised.  

o Risk factors: pre-existent liver disease, drug-drug interactions, multiple-alkylator 
conditioning regimens, (previous) hepatotoxic medication, cachexia, concomitant 
acetaminophen use (due to its effect on glutathione metabolism), and/or patients with a 
young age.  

• Although drawing of blood samples on day 4 of busulfan infusion has no consequences for dosing, 
this can be considered to calculate the total exposure. The total exposure can be used to assess 
the risk of toxicity, for example in high-risk patients prone to relapse and/or developing toxicity.  

 
Processing of the blood samples 
Busulfan is unstable at room temperature (1). For this reason, the blood samples need to be stored in the 
refrigerator directly after collection of each individual sample. After collection of all blood samples, the 
material needs to be centrifuged to plasma to avoid degradation, preferably within 12 hours of collection (2). 
The obtained plasma samples need to be stored at -20°C or -80°C (1). In case of shipping of the samples, 
dry ice packaging of the plasma samples is necessary. 
 

Additional information concerning the interpretation of results 
 
The AUCcum day 0-4 should ideally be estimated using population pharmacokinetic modelling. Modelling 
software can be used for AUCcum day 0-4 estimation. Various pharmacokinetic models have been developed 
for specific patient groups, which makes it important to select the appropriate model that matches the group 
to which the patient under treatment belongs (see section Population models).  
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Background information [extended] 

Heterogeneity of studies 

Studies investigating the association between busulfan exposure and efficacy/toxicity vary greatly in 
endpoints, conditioning regimens, TDM regimens, busulfan exposure calculation, supportive care regimen, 
and baseline patient characteristics, and are mostly performed retrospectively. Due to this heterogeneity, 
and the lack of randomised controlled trials, studies are difficult to compare and the results need to be 
interpreted cautiously.  

 

Reduced-intensity conditioning (non-myeloablative) 

Data about the association between busulfan exposure and efficacy/toxicity outcomes is scarce in patients 
undergoing RIC (cumulative busulfan dose < 9 mg/kg) (16). In these RIC regimens, busulfan is 
predominantly dosed based on body weight without TDM (31,34–36). As an optimal target has not yet been 
established, busulfan TDM in busulfan-based RIC regimens is considered unnecessary by the ASBMT, 
unless the conditioning regimen was specifically developed with busulfan TDM (37).  

 

Busulfan exposure in autologous HCT patients 

Busulfan TDM has been used in patients undergoing autologous HCT with busulfan conditioning (37). In 
autologous HCT patients with Bu/Cy/Eto conditioning, one third would have attained suboptimal busulfan 
exposure if TDM was not applied (38). In this study, the busulfan target was AUCcum day 0-4 65.6 – 98.4 
mg*h/L (38). However, a busulfan exposure target for autologous HCT has not yet been clearly defined and 
may differ from the exposure target used in allogenic HCT (37). 
 

Interactions 
 
For drug-drug interactions of busulfan, see the review of Myers et al. (39) and https://kennisbank.knmp.nl/ 
 

PK parameters 
 

 Cl (L/h-1) Vd  
(L/kg) 

t1/2 (h-1) Protein 
binding 

Ref. 

Children and young adults 2.25-2.74 0.62 – 0.85 2.8-3.9 7% (reversible) 
32% (irreversible) 

(4) 

 

Population models 
As various models are readily available in modelling software, it is necessary to take notice of the specific 
patient under treatment, and to select an appropriate externally validated population pharmacokinetic model 
with a population similar to the patient being treated. Various population models were externally validated 
and were considered to have adequate predictive value for estimating the busulfan AUCcum day 0-4 (5,15,40–
44). Across these studies, it has been shown that busulfan clearance is mainly dependent on body size 
(expressed as BSA, ideal body weight, or fat-free mass) and age (5). The volume of distribution is 

https://kennisbank.knmp.nl/
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commonly described allometrically in terms of body weight (5). The externally validated models of Bartelink 
et al. (45) and Mccune et al. (41) for respectively the pediatric (< 20 years) and pediatric and adult 
population are most commonly used in routine clinical practice for TDM-guided busulfan dosing.  
 
 

 Population Model Kabs (h-1)  
/ F 

Vd (L)  
/ F 

Kelm (h-1)  
/ F 

CL (L/ h-1) 
/ F 

Ref. 

Children and young 
adults 

Bognar et al. (4) N/A 0.62 – 0.85 L/kg 0.18 - 0.25  2.25-2.74 
mL/min/kg 

(4) 

 

Literature 
 
1. Punt AM, Langenhorst JB, Egas AC, Boelens JJ, van Kesteren C, van Maarseveen EM. 

Simultaneous quantification of busulfan, clofarabine and F-ARA-A using isotope labelled standards 
and standard addition in plasma by LC–MS/MS for exposure monitoring in hematopoietic cell 
transplantation conditioning. J Chromatogr B Analyt Technol Biomed Life Sci [Internet]. 2017;1055–
1056(D):81–5. Available from: https://doi.org/10.1016/j.jchromb.2017.04.025 

2. Moon SY, Lim MK, Hong S, Jeon Y, Han M, Song SH, et al. Quantification of human plasma-
busulfan concentration by liquid chromatography-tandem mass spectrometry. Ann Lab Med. 
2014;34(1):7–14.  

3. Bartelink IH, Lalmohamed A, van Reij EML, Dvorak CC, Savic RM, Zwaveling J, et al. Association of 
busulfan exposure with survival and toxicity after haemopoietic cell transplantation in children and 
young adults: a multicentre, retrospective cohort analysis. The Lancet Haematology. 
2016;3(11):e526–36.  

4. Bognàr T, Bartelink IH, Egberts TCG, Rademaker CMA, Versluys AB, Slatter MA, et al. Association 
Between the Magnitude of Intravenous Busulfan Exposure and Development of Hepatic Veno-
Occlusive Disease in Children and Young Adults Undergoing Myeloablative Allogeneic 
Hematopoietic Cell Transplantation. Transplantation and Cellular Therapy. 2022;1–7.  

5. Lawson R, Staatz CE, Fraser CJ, Hennig S. Review of the Pharmacokinetics and 
Pharmacodynamics of Intravenous Busulfan in Paediatric Patients. Vol. 60, Clinical 
Pharmacokinetics. Springer International Publishing; 2021. 17–51 p.  

6. Ward J, Kletzel M, Duerst R, Fuleihan R, Chaudhury S, Schneiderman J, et al. Single Daily Busulfan 
Dosing for Infants with Nonmalignant Diseases Undergoing Reduced-Intensity Conditioning for 
Allogeneic Hematopoietic Progenitor Cell Transplantation. Biology of Blood and Marrow 
Transplantation. 2015;21(9):1612–21.  

7. Tse WT, Duerst R, Schneiderman J, Chaudhury S, Jacobsohn D, Kletzel M. Age-dependent 
pharmacokinetic profile of single daily dose i.v. busulfan in children undergoing reduced-intensity 
conditioning stem cell transplant. Bone Marrow Transplant. 2009;44(3):145–56.  

8. Kletzel M, Jacobsohn D, Duerst R. Pharmacokinetics of a test dose of Intravenous busulfan guide 
dose modifications to achieve an optimal area under the curve of a single daily dose of intravenous 
busulfan in children undergoing a reduced-intensity conditioning regimen with hematopoietic s. 
Biology of Blood and Marrow Transplantation. 2006;12(4):472–9.  

9. Bartelink IH, Bredius RGM, Belitser S V., Suttorp MM, Bierings M, Knibbe CAJ, et al. Association 
between Busulfan Exposure and Outcome in Children Receiving Intravenous Busulfan before 
Hematologic Stem Cell Transplantation. Biology of Blood and Marrow Transplantation [Internet]. 
2009;15(2):231–41. Available from: http://dx.doi.org/10.1016/j.bbmt.2008.11.022 

10. Ryu SG, Lee JH, Choi SJ, Lee JH, Lee YS, Seol M, et al. Randomized Comparison of Four-Times-
Daily versus Once-Daily Intravenous Busulfan in Conditioning Therapy for Hematopoietic Cell 
Transplantation. Biology of Blood and Marrow Transplantation. 2007;13(9):1095–105.  



 

 

TDM-Monografie.org 
 

 

 

 

TDM Monograph: Busulfan /  06-07-2023 9 

11. Mellgren K, Nilsson C, Fasth A, Abrahamsson J, Winiarski J, Ringdén O, et al. Safe administration 
of oral BU twice daily during conditioning for stem cell transplantation in a paediatric population: A 
comparative study between the standard 4-dose and a 2-dose regimen. Bone Marrow Transplant. 
2008;41(7):621–5.  

12. Pasquini MC, Le-Rademacher J, Zhu X, Artz A, DiPersio J, Fernandez HF, et al. Intravenous 
Busulfan-Based Myeloablative Conditioning Regimens Prior to Hematopoietic Cell Transplantation 
for Hematologic Malignancies. Biology of Blood and Marrow Transplantation [Internet]. 
2016;22(8):1424–30. Available from: http://dx.doi.org/10.1016/j.bbmt.2016.04.013 

13. Bartelink IH, Bredius RGM, Ververs TT, Raphael MF, van Kesteren C, Bierings M, et al. Once-Daily 
Intravenous Busulfan with Therapeutic Drug Monitoring Compared to Conventional Oral Busulfan 
Improves Survival and Engraftment in Children Undergoing Allogeneic Stem Cell Transplantation. 
Biology of Blood and Marrow Transplantation. 2008;14(1):88–98.  

14. Pierre Fabre Médicament X. SUMMARY OF PRODUCT CHARACTERISTICS Busilfex. Hydrometry. 
2003.  

15. Bartelink IH, Boelens JJ, Bredius RGM, Egberts ACG, Wang C, Bierings MB, et al. Body weight-
dependent pharmacokinetics of busulfan in paediatric haematopoietic stem cell transplantation 
patients: Towards individualized dosing. Clinical Pharmacokinetics. 2012;51(5):331–45.  

16. Palmer J, McCune JS, Perales MA, Marks D, Bubalo J, Mohty M, et al. Personalizing Busulfan-
Based Conditioning: Considerations from the American Society for Blood and Marrow 
Transplantation Practice Guidelines Committee. Biology of Blood and Marrow Transplantation. 
2016;22(11):1915–25.  

17. Rezvani AR. Cyclophosphamide followed by intravenous targeted busulfan for allogeneic 
hematopoietic cell transplantation: pharmacokinetics and clinical outcomes. Bone. 2008;23(1):1–7.  

18. Deeg HJ, Storer BE, Boeckh M, Martin PJ, McCune JS, Myerson D, et al. Reduced Incidence of 
Acute and Chronic Graft-versus-Host Disease with the Addition of Thymoglobulin to a Targeted 
Busulfan/Cyclophosphamide Regimen. Biology of Blood and Marrow Transplantation. 
2006;12(5):573–84.  

19. Bornhäuser M, Storer B, Slattery JT, Appelbaum FR, Deeg HJ, Hansen J, et al. Conditioning with 
fludarabine and targeted busulfan for transplantation of allogeneic hematopoietic stem cells. Blood. 
2003;102(3):820–6.  

20. McCune JS, Woodahl EL, Furlong T, Storer B, Wang J, Heimfeld S, et al. A pilot pharmacologic 
biomarker study of busulfan and fludarabine in hematopoietic cell transplant recipients. Cancer 
Chemother Pharmacol. 2012;69(1):263–72.  

21. Benadiba J, Ansari M, Krajinovic M, Vachon MF, Duval M, Teira P, et al. Pharmacokinetics-adapted 
Busulfan-based myeloablative conditioning before unrelated umbilical cord blood transplantation for 
myeloid malignancies in children. PLoS One. 2018;13(4):1–11.  

22. Ansari M, Théoret Y, Rezgui MA, Peters C, Mezziani S, Desjean C, et al. Association between 
busulfan exposure and outcome in children receiving intravenous busulfan before hematopoietic 
stem cell transplantation. Ther Drug Monit. 2014;36(1):93–9.  

23. Andersson BS, Thall PF, Valdez BC, Milton DR, Al-Atrash G, Chen J, et al. Fludarabine with 
pharmacokinetically guided IV busulfan is superior to fixed-dose delivery in pretransplant 
conditioning of AML/MDS patients. Bone Marrow Transplantation. 2017;52(4):580–7.  

24. Geddes M, Kangarloo SB, Naveed F, Quinlan D, Chaudhry MA, Stewart D, et al. High Busulfan 
Exposure Is Associated with Worse Outcomes in a Daily i.v. Busulfan and Fludarabine Allogeneic 
Transplant Regimen. Biology of Blood and Marrow Transplantation. 2008;14(2):220–8.  

25. Andersson BS, Thall PF, Madden T, Couriel D, Wang X, Tran HT, et al. Busulfan systemic exposure 
relative to regimen-related toxicity and acute graft-versus-host disease: Defining a therapeutic 
window for IV BuCy2 in chronic myelogenous leukemia. Biology of Blood and Marrow 
Transplantation. 2002;8(9):477–85.  



 

 

TDM-Monografie.org 
 

 

 

 

TDM Monograph: Busulfan /  06-07-2023 10 

26. Seydoux C, Battegay R, Halter J, Heim D, Rentsch KM, Passweg JR, et al. Impact of busulfan 
pharmacokinetics on outcome in adult patients receiving an allogeneic hematopoietic cell 
transplantation. Bone Marrow Transplantation. 2022;57(6):903–10.  

27. Lankester AC, Albert MH, Booth C, Gennery AR, Güngör T, Hönig M, et al. EBMT/ESID inborn 
errors working party guidelines for hematopoietic stem cell transplantation for inborn errors of 
immunity. Bone Marrow Transplantation. 2021;56(9):2052–62.  

28. Ansari M, Rezgui MA, Théoret Y, Uppugunduri CRS, Mezziani S, Vachon MF, et al. Glutathione S-
transferase gene variations influence BU pharmacokinetics and outcome of hematopoietic SCT in 
pediatric patients. Bone Marrow Transplantation. 2013;48(7):939–46.  

29. Ansari M, Curtis PHD, Uppugunduri CRS, Rezgui MA, Nava T, Mlakar V, et al. GSTA1 diplotypes 
affect busulfan clearance and toxicity in children undergoing allogeneic hematopoietic stem cell 
transplantation: A multicenter study. Oncotarget. 2017;8(53):90852–67.  

30. Rambaldi A, Grassi A, Masciulli A, Boschini C, Micò MC, Busca A, et al. Busulfan plus 
cyclophosphamide versus busulfan plus fludarabine as a preparative regimen for allogeneic 
haemopoietic stem-cell transplantation in patients with acute myeloid leukaemia: An open-label, 
multicentre, randomised, phase 3 trial. The Lancet Oncology. 2015;16(15):1525–36.  

31. Ben-Barouch S, Cohen O, Vidal L, Avivi I, Ram R. Busulfan fludarabine vs busulfan 
cyclophosphamide as a preparative regimen before allogeneic hematopoietic cell transplantation: 
Systematic review and meta-analysis. Bone Marrow Transplantation. 2016;51(2):232–40.  

32. Versluys AB, Boelens JJ, Pronk C, Lankester A, Bordon V, Buechner J, et al. Hematopoietic cell 
transplant in pediatric acute myeloid leukemia after similar upfront therapy; a comparison of 
conditioning regimens. Bone Marrow Transplantation. 2021;56(6):1426–32.  

33. Bartelink IH, van Reij EML, Gerhardt CE, van Maarseveen EM, de Wildt A, Versluys B, et al. 
Fludarabine and exposure-targeted busulfan compares favorably with busulfan/cyclophosphamide-
based regimens in pediatric hematopoietic cell transplantation: Maintaining efficacy with less toxicity. 
Biology of Blood and Marrow Transplantation. 2014;20(3):345–53.  

34. Chen Y Bin, Coughlin E, Kennedy KF, Alyea EP, Armand P, Attar EC, et al. Busulfan dose intensity 
and outcomes in reduced-intensity allogeneic peripheral blood stem cell transplantation for 
myelodysplastic syndrome or acute myeloid leukemia. Biology of Blood and Marrow Transplantation. 
2013;19(6):981–7.  

35. Magenau J, Tobai H, Pawarode A, Braun T, Peres E, Reddy P, et al. Clofarabine and busulfan 
conditioning facilitates engraftment and provides significant antitumor activity in nonremission 
hematologic malignancies. Blood. 2011;118(15):4258–64.  

36. El-Jawahri A, Li S, Ballen KK, Cutler C, Dey BR, Driscoll J, et al. Phase II Trial of Reduced-Intensity 
Busulfan/Clofarabine Conditioning with Allogeneic Hematopoietic Stem Cell Transplantation for 
Patients with Acute Myeloid Leukemia, Myelodysplastic Syndromes, and Acute Lymphoid Leukemia. 
Biology of Blood and Marrow Transplantation. 2016;22(1):80–5.  

37. Palmer J, McCune JS, Perales MA, Marks D, Bubalo J, Mohty M, et al. Personalizing Busulfan-
Based Conditioning: Considerations from the American Society for Blood and Marrow 
Transplantation Practice Guidelines Committee. Biology of Blood and Marrow Transplantation. 
2016;22(11):1915–25.  

38. Flowers CR, Costa LJ, Pasquini MC, Le-Rademacher J, Lill M, Shore TB, et al. Efficacy of 
Pharmacokinetics-Directed Busulfan, Cyclophosphamide, and Etoposide Conditioning and 
Autologous Stem Cell Transplantation for Lymphoma: Comparison of a Multicenter Phase II Study 
and CIBMTR Outcomes. Biology of Blood and Marrow Transplantation. 2016;22(7):1197–205.  

39. Myers AL, Kawedia JD, Champlin RE, Kramer MA, Nieto Y, Ghose R, et al. Clarifying busulfan 
metabolism and drug interactions to support new therapeutic drug monitoring strategies: a 
comprehensive review. Vol. 13, Expert Opinion on Drug Metabolism and Toxicology. 2017. 901–923 
p.  



 

 

TDM-Monografie.org 
 

 

 

 

TDM Monograph: Busulfan /  06-07-2023 11 

40. Long-Boyle JR, Savic R, Yan S, Bartelink I, Musick L, French D, et al. Population Pharmacokinetics 
of Busulfan in Pediatric and Young Adult Patients Undergoing Hematopoietic Cell Transplant. 
Therapeutic Drug Monitoring. 2015;37(2):236–45.  

41. McCune JS, Bemer MJ, Barrett JS, Scott Baker K, Gamis AS, Holford NHG. Busulfan in Infant to 
Adult Hematopoietic Cell Transplant Recipients: A Population Pharmacokinetic Model for Initial and 
Bayesian Dose Personalization. Clinical Cancer Research. 2014 Feb 2;20(3):754–63.  

42. Nguyen L. Integration of modelling and simulation into the development of intravenous busulfan in 
paediatrics: An industrial experience. Fundamental and Clinical Pharmacology. 2008;22(6):599–604.  

43. Paci A, Vassal G, Moshous D, Dalle JH, Bleyzac N, Neven B, et al. Pharmacokinetic behavior and 
appraisal of intravenous busulfan dosing in infants and older children: The results of a population 
pharmacokinetic study from a large pediatric cohort undergoing hematopoietic stem-cell 
transplantation. Therapeutic Drug Monitoring. 2012;34(2):198–208.  

44. Diestelhorst C, Boos J, McCune JS, Hempel G. Population pharmacokinetics of intravenous 
busulfan in children: Revised body weight-dependent NONMEM® model to optimize dosing. 
European Journal of Clinical Pharmacology. 2014;70(7):839–47.  

45. Bartelink IH, Van Kesteren C, Boelens JJ, Egberts TCG, Bierings MB, Cuvelier GDE, et al. 
Predictive performance of a busulfan pharmacokinetic model in children and young adults. 
Therapeutic Drug Monitoring. 2012;34(5):574–83.  

46. Seydoux C, Battegay R, Halter J, Heim D, Rentsch KM, Passweg JR, et al. Impact of busulfan 
pharmacokinetics on outcome in adult patients receiving an allogeneic hematopoietic cell 
transplantation. Bone Marrow Transplantation. 2022;57(6):903–10.  

47. D. Gürlek Gökçebay,F. Azik,N. Ozbek,P. Isik,Z. Avci,B. Tavil,A. Kara BT. Clinical comparison of 
weight- and age-based strategy of dose administration in children receiving intravenous busulfan for 
hematopoietic stem cell transplantation. Pediatr Transplant. 2015;19(3):307–15.  

48. Huezo-Diaz Curtis P, Uppugunduri CRS, Muthukumaran J, Rezgui MA, Peters C, Bader P, et al. 
Association of CTH variant with sinusoidal obstruction syndrome in children receiving intravenous 
busulfan and cyclophosphamide before hematopoietic stem cell transplantation. Pharmacogenomics 
Journal. 2018;18(1):64–9.  

49. Philippe M, Neely M, Rushing T, Bertrand Y, Bleyzac N, Goutelle S. Maximal concentration of 
intravenous busulfan as a determinant of veno-occlusive disease: a pharmacokinetic-
pharmacodynamic analysis in 293 hematopoietic stem cell transplanted children. Bone Marrow 
Transplantation. 2019;54(3):448–57.  

50. Schechter T, Perez-Albuerne E, Lin TF, Irwin MS, Essa M, Desai A V., et al. Veno-occlusive disease 
after high-dose busulfan–melphalan in neuroblastoma. Bone Marrow Transplantation. 2018;  

51. Perkins JB, Kim J, Anasetti C, Fernandez HF, Perez LE, Ayala E, et al. Maximally Tolerated 
Busulfan Systemic Exposure in Combination with Fludarabine as Conditioning before Allogeneic 
Hematopoietic Cell Transplantation. Biology of Blood and Marrow Transplantation. 
2012;18(7):1099–107.  

  

Colophon 
 
This guideline has been constituted by Tim Bognàr, hospital pharmacist - PhD candidate University Medical 
Center Utrecht, dr. Kim van der Elst, hospital pharmacist-clinical pharmacologist University Medical Center 
Utrecht, dr. Arief Lalmohamed, hospital pharmacist-clinical pharmacologist University Medical Center 
Utrecht, dr. Matthijs van Luin, hospital pharmacist-clinical pharmacologist University Medical Center 
Utrecht, and dr. Imke H. Bartelink, hospital pharmacist-clinical pharmacologist Amsterdam University 
Medical Center. Under the auspices of Working Group Therapeutic drug monitoring, Toxicology and 
Pharmacogenetics (TTF) of the Dutch Association of Hospital Pharmacists (NVZA) and the International 
Association of Therapeutic Drug Monitoring and Clinical Toxicology (IATDMCT). 



 

 

TDM-Monografie.org 
 

 

 

 

TDM Monograph: Busulfan /  06-07-2023 12 

Date: 06-07-2023 
 
  



 

 

TDM-Monografie.org 
 

 

 

 

TDM Monograph: Busulfan /  06-07-2023 13 

Appendices 
 

Appendix 1. Table for busulfan AUC unit conversion (37): 

 
 

Appendix 2. Exposure-efficacy association 

Primary 
author, year 

Dosing 
schedule {% 
IV} 

Population 
(adult / 
pediatric) 

Dose(s) 
with 
sampling 

Groups HR CI  

low 

CI high p 
value 

Overall survival 

Ansari, 2014 
(22) 

Q6H 4 days 
{100} 

Pediatric Dose 1a, 

Dose 5b 

AUC6 first dose: < 3.6 
mg*h/L (corresponds with 
AUCcum=57.6 mg*h/L) 

1 1 1 - 

AUC6 first dose: > 3.6 
mg*h/L (corresponds with 
AUCcum=57.6 mg*h/L) 

7.55 2.2 25.99 0.001 

Benadiba, 
2018 (21) 

Q6H 4 days 
{100} 

Pediatric Dose 1 AUC6 first dose: < 3.6 
mg*h/L (corresponds with 
AUCcum=57.6 mg*h/L) 

1 1 1 
- 

AUC6 first dose: > 3.6 
mg*h/L (corresponds with 
AUCcum=57.6 mg*h/L) 

5.2 1.26 21.5 0.02 

Russell, 2013 
(24) 

Q24H {100} Adults Test dose AUCcum: < 62.4 mg*h/L or  

AUCcum: > 82.0 mg*h/L 

1 1 1 1 

    AUCcum: 62.4–82.0 mg*h/L 1.94 1.12 3.37 0.018 
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Seydoux, 2022 
(46) 

Q24H 
(84.3%)  and 
Q6H (15.7%)  

{100} 

Adults 

 
Dose 1a AUCcum: < 59.1 mg*h/L  1 1 1 1 

AUCcum: 62.4 – 88.7 
mg*h/L  

1.4 0.9 2.2 0.14 

AUCcum: > 88.7 mg*h/L  1.9 1.1 3.5 0.02 

Bartelink, 2016 
(3) 

Q24H (40%), 
Q6H (48%), 
other (12%) 
{100} 

Pediatric / 
young adults 

NR AUCcum: < 78 mg*h/L 1 1 1 
- 

AUCcum: 78–101 mg*h/L 0.71* 0.53* 0.94* 0.016 

AUCcum: >101 mg*h/L 1.03* 0.63* 1.68* 0.915 

Transplant-related mortality 

Bartelink, 
2016 (3) 

Q24H (40%), 
Q6H (48%), 
other (12%) 
{100} 

Pediatric / 
young adults 

NR AUCcum: < 78 mg*h/L 1 1 1 - 

AUCcum: 78–101 mg*h/L 1.07 0.61 1.89 0.816 

AUCcum: >101 mg*h/L 2.99 1.82 4.92 <0.001 

Relapse 

Bartelink, 
2016  (3) 

Q24H (40%), 
Q6H (48%), 
other (12%) 
{100} 

Pediatric / 
young adults 

NR AUCcum: < 78 mg*h/L 1 1 1 - 

AUCcum: 78–101 mg*h/L 0.57 0.39 0.84 0.004 

AUCcum: >101 mg*h/L 0.41 0.14 1.17 0.094 

Seydoux, 2022 
(46) 

Q24H 
(84.3%)  and 
Q6H (15.7%)  

{100} 

Adults 

 

Dose 1a AUCcum: < 59.1 mg*h/L  1 1 1 1 

AUCcum: 62.4 – 88.7 
mg*h/L  

0.9 0.6 1.4 0.60 

AUCcum: > 88.7 mg*h/L  1.2 0.6 2.1 0.61 

Non-relapse mortality 

Russell, 2013 
(24) 

Q24H {100} Adults Test dose 
AUCcum: < 62.4 mg*h/L or  

AUCcum: > 82.0 mg*h/L 

3.32 1.46 7.54 0.004 

AUCcum: 62.4–82.0 mg*h/L 1 1 1 1 

Seydoux, 2022 
(46) 

Q24H 
(84.3%)  and 
Q6H (15.7%)  

{100} 

Adults 

 

Dose 1a AUCcum: < 59.1 mg*h/L  1 1 1 1 

AUCcum: 62.4 – 88.7 
mg*h/L  

3.9 1.5 10.5 0.05 

AUCcum: > 88.7 mg*h/L  4.8  1.6 14.7 <0.01 

Disease-free survival 

Russell, 2013 
(24) 

Q24H {100} Adults Test dose 
AUCcum: < 62.4 mg*h/L or  

AUCcum: >82.0 mg*h/L 

1 1 1 1 

AUCcum: 62.4–82.0 mg*h/L 1.81 1.09 2.99 0.021 

Bartelink, 
2016  (3) 

Q24H (40%), 
Q6H (48%), 
other (12%) 
{100} 

Pediatric / 
young adults 

NR AUCcum: < 78 mg*h/L 1 1 1 1 

AUCcum: 78–101 mg*h/L 0.64* 0.47* 0.87* 0.004 

AUCcum: >101 mg*h/L 1.21* 0.73* 2.00* 0.454 

Graft-versus-host-disease-free-survival 
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Seydoux, 2022 
(46) 

Q24H 
(84.3%)  and 
Q6H (15.7%)  

{100} 

Adults 

 

Dose 1a AUCcum: < 59.1 mg*h/L  1 1 1 1 

AUCcum: 62.4 – 88.7 
mg*h/L  

1.2 0.9 1.7 0.14 

AUCcum: > 88.7 mg*h/L  1.5 0.9 2.2 0.09 

Bartelink, 
2016  (3) 

Q24H (40%), 
Q6H (48%), 
other (12%) 
{100} 

Pediatric / 
young adults 

NR AUCcum: < 78 mg*h/L 1 1 1 1 

AUCcum: 78–101 mg*h/L 0.57* 0.44* 0.73* <0.001 

AUCcum: >101 mg*h/L 1.38* 0.90* 2.12* 0.139 

Table 3 (5). A summary of the studies that investigated the association between busulfan exposure and clinical outcomes. *HR 
= 1 – HR. AUCcum cumulative exposure measured by the area under the concentration versus time curve, AUC6 = AUC during 
the first 6 hours, Q24H = once daily, Q12H = twice daily, Q6H = four times daily, Bu = busulfan, CI = confidence interval, Cy = 
cyclophosphamide, Flu = fludarabine, HR = hazard ratio, IV = intravenous, NR = not recorded, OR = odds ratio, RR = relative 
risk. aAll patients, bSome patients, cIncreased due to graft failure. 

 
Appendix 3. Exposure-toxicity association (VOD/SOS) 
Primary 
author, year 

Dosing 
schedule {% 
IV} 

Population 
(adult/pediatric) 

Dose(s) with 
sampling 

Groups HR CI low CI high p value 

Ansari M, 2013 
(28) 

Q6H 4 days 
{100} 

Pediatric Dose 1 GSTA1*B*B + and 
*B1*B1 + (all 
patients) 

5.3 1.3 21.5 0.009 

GSTA1*B*B + and 
 *B1*B1 + (females 
only) 

9.6 2 45.1 0.001 

GSTM1*0 (null) 3.8 1.1 13.7 0.03 

Ansari M, 2017 
(29) 

Q6H 4 days 
{100} 

Pediatric Dose 1 GSTA1 group four 
(slow metabolizer) 

7.1 2.5 20.4 0.0005 

Bartelink, 2008 
(13) 

IV: Q24H 4 
days {50} 
PO: Q6H 4 
days 

Pediatric Dose 1a, 
Repeatedb 

IV Bu dose targeted 
 

OR 3.76 
 

NR NR 0.044 

PO Bu no exposure 
monitoring 

OR 1.0 - - - 

Bartelink, 2014 
(33) 

Q24H 4 days 
{100} 

Pediatric Dose 1,  
Dose 4b 

AUCcum 
(Bu/Cy/(Mel)): 78 
mg*h/L [range 65–
110] 

1 1 1 - 

AUCcum (Bu/Flu): 91 
mg*h/L [range 74–
113] 

0.05 0 0.4 0.005 

Gokcebay, 2015 
(47) 

Q24H 4 days 
{100} 

Pediatric NR Age-based dosing 1 1 1 - 

Weight-based dosing 9.46 NR NR 0.009 

Huezo-Diaz, 
2018 (48) 

Q24H 4 days 
{100} 

Pediatric Dose 5 CTH c.1364 TT 
genotype 

21.82 3.59 132.65 0.00000
2 

CTH c.1364 TT 
genotype and/or 
GSTA1*B 

19.56 4.91 90.34 0.0001 

CTH c.1364 TT 
genotype and 
GSTA1*B 

9.24 1.032 82.68 0.01 

Philippe, 2018 
(49) 

Q6H 4 days 
(96.3%) 
Q12H 4 days 
(0.4%) 
Q24H 4 days 

Pediatric Dose 1 Cmax > 1.88 ng/mL RR 6 NR NR <0.001 

Percentage time 
spent > 1300 ng/mL 

OR 2.05 NR NR 0.003 

Age < 1 years OR 2.78 NR NR 0.002 

Age < 3 years OR 2.78 NR NR <0.001 
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(3.4%) 
{100} 

Age < 5 years OR 2.17 NR NR 0.005 

Weight < 9 kg OR 2.7 NR NR 0.002 

Schechter, 2018 
(50) 

Q6H 4 days, 
Q24H 4 days 
{100} 

Pediatric Dose 1 Young age (< 6.7 
years) 

OR 1.7 per year of 
decreasing age 
below 6.7 years 

1.16 2.56 0.012 

Early engraftment 
day 

OR 1.4 per day of 
earlier engraftment 

1.08 2.14 0.041 

Bognàr, 2022 
(4) 

Q24H 4 days,  
Q6H 4 days, 
{100} 

Pediatric, young 
adults 

Dose 1,  
Dose 4b 

≤ 78 mg*h/L (subset 
of patients receiving 
1 alkylator) 

1 1 1 - 

> 78 mg*h/L (subset 
of patients receiving 
1 alkylator) 

OR 2.95 1.13 7.76 NR 

Bartelink, 2014 
(33) 

Q24H 4 days 
{100} 

Pediatric Dose 1a, 

Dose 4b 

Median AUCcum 
(Bu/Cy): 78 mg*h/L 

1 1 1 - 

Median AUCcum 
(Bu/Flu): 91 mg*h/L 

0.05 0 0.4 0.005 

Perkins, 2012 
(51) 

Q24H 4 days 
{100} 

Adults Dose 1 AUCcum target: 98.4 
mg*h/L 

VOD/SOS incidence = 0% (n=0/40) 

AUCcum target: 123.2 
mg*h/L 

VOD/SOS incidence = 7% (n=2/29) 

AUCcum target: 98.4 
mg*h/L 

VOD/SOS incidence = 100% (n=3/3) 

Table 4 (5). Determinants for the development of VOD/SOS. AUCcum = cumulative exposure measured by area under the 
concentration versus time curve, Q12H = twice daily, Bu = busulfan, CI = confidence interval, Cmax = maximum concentration, 
CTH = cystathionine gammalyase, Flu = fludarabine, HR = hazard ratio, IV = intravenous, NR = not recorded, Q24H = once 
daily, OR = odds ratio, PO = oral, Q6H = four times daily, RR = relative risk, VOD/SOS = veno-occlusive disease/sinusoidal 
obstructive syndrome. aAll patients, bSome patients. 

 
 


