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Summary

Busulfan-based conditioning has been used for decades
in allogeneic haematopoietic stem cell transplantation
(allo-HSCT). Initially, the drug was given orally. How-
ever, variable absorption rates from the gut resulted
sometimes in adverse toxic effects. Later on, intravenous
administration has replaced oral administration, but
many centres still use the oral route. Moreover, different
centres use various administration schedules and phar-
macokinetic assays to individualize busulfan dosage.
A Working Party of the European Society for Blood and
Marrow Transplantation (EBMT) has carried out a sur-
vey among EBMT centres about their practice in the use
of busulfan for conditioning in HSCT in adults, includ-

Introduction

Busulfan-based conditioning in various combinations is
widely used in allogeneic haematopoietic stem cell trans-
plantation. Busulfan was initially given orally in myeloab-
lative doses. Erratic absorption from the gut and thereby
variable bioavailability resulted in deviations from the tar-
get exposure to the drug, causing sometimes undue organ
toxicity. Therefore many centres began to adjust the doses
based on pharmacokinetic measurements. With the intro-
duction of an intravenous (i.v.) formulation, options for the
administration were increased. Intravenous administration
has widely replaced oral administration, but many centres
continue to use the oral route. The role of pharmacokinetic
measurements, particularly in i.v. administration, remains
unclear. The practice of busulfan administration for condi-
tioning at transplant centres is evidently heterogenic, and
details in which the policies of centres are likely to differ in-
clude the route of administration, number of daily doses, use
of pharmacokinetic measurements, and adjustment of doses
based on obesity. The possible impact of such differences on
the outcome is unknown.
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ing dosage and routes of busulfan administration, and
role of pharmacokinetic monitoring. At most centres,
busulfan is given intravenously, both in myeloablative
and reduced-intensity conditioning. There is marked
variation between centres in the details of busulfan ad-
ministration. The clinical impact of this variation re-
mains uncertain. Efforts toward a more standardized
use of busulfan in the conditioning would be indicated.
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Doses and administration of
busulfan in conditioning

The classical total dose in myeloablative conditioning is 16
mg/kg orally (or the corresponding dose calculated per m?).
The equivalent i.v. dose is 12.8 mg/kg. In recent years, lower
doses have been widely used in the so called reduced intensi-
ty conditioning (RIC). In RIC, the dose has most commonly
been 8 mg/kg orally or the equivalent i.v. dose of 6.4 mg/kg.
However, especially with i.v. dosing the RIC doses have var-
ied to some extent.

The two administration routes have their advantages and
disadvantages. Oral busulfan administration was the routine
for a couple of decades. However, it is characterized by varia-
ble absorption from the gut and the risk of increased toxicity
in case of high absorption. Moreover, the oral administration
route is inconvenient. On the other hand, this drug form is
inexpensive. Intravenous infusion avoids absorption varia-
bility from the gut and first pass liver metabolism, thus al-
lowing a more precise dosing and easy administration. How-
ever, this formulation is rather costly.
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Oral administration of conventional fully intensive doses is
traditionally performed in four daily doses, 1 mg/kg x 4/day,
for 4 consecutive days. There are practical reasons for split-
ting the daily doses. Large numbers of tablets (usually 2 mg/
tablet) have to be taken, and gastrointestinal irritation and
vomiting may complicate the administration. In early studies
of i.v. administration, four daily doses were given according
to the classical schedule. Later studies have shown that the
daily i.v. dose can be given in one dose without adverse con-
sequences. Pharmacokinetic parameters have been shown to
be similar with once daily and four times daily schedules [1].
The only difference was a higher peak concentration with the
once daily schedule. However, the higher peak concentration
did not cause any additional toxicity. Therefore, the present
evidence suggests that the daily i.v. dose can be given safely
in one dose.

What is the role of pharmacokinetic
monitoring for dose adjustment?

Because of variable absorption of busulfan in oral adminis-
tration, many centres adopted pharmacokinetic monitoring
for dose adjustment although the necessity was not uniform-
ly accepted. In i.v. administration with more precise dosing,
the role of pharmacokinetic monitoring is still more unclear.
In addition to the unclear indications, there may be practical
problems with the use of pharmacokinetics. In many institu-
tions the methodology is not available, and especially in RIC
with a short schedule there may also be problems in getting
the laboratory results in time.

The busulfan metabolism in children differs to some extent
from that of adults. The use of busulfan conditioning or the
role of pharmacokinetic measurements in paediatric patients
are not discussed in this presentation.

Current practice

The Transplant Complications Working Party of the Europe-
an Society for Blood and Marrow Transplantation (EBMT)
has carried out a survey among EBMT centres about their
practice in the use of busulfan for conditioning in alloge-
neic transplantation in adults [2]. One hundred and nine
centres sent their reports. Of these, 104 used busulfan for
conditioning, 102 in conventional myeloablative doses and
87 in reduced doses. Both myeloablative and reduced doses
of busulfan were used in a wide variation of diseases, includ-
ing myeloid and lymphatic leukaemias, myelodysplastic and
myeloproliferative disorders, lymphomas, myeloma, haemo-
globinopathies and other inherited disorders.

When myeloablative doses were used, the drug was given i.v.
in 90 and orally in 11 centres. In RIC with lower busulfan
doses, the route of administration was intravenous in 73 and
oral in 10 centres.

Myeloablative oral doses were always given on four days, on
each day four doses of 1 mg/kg. In i.v. administration, the
myeloablative total dose was most commonly approximately
12.8 mg/kg. Myeloablative i.v. doses were always adminis-
tered in four days. The number of daily doses was one in 44
centres, two in 4 centres and four in 40 centres.

In RIC transplantations, the most common policy was to
reduce the number of days from that used in myeloablative
conditioning, whereas the daily dose and the administration
schedule remained the same. The number of daily busulfan
doses in RIC transplantations was one in 33 centres and four
in 28 centres.

Seven centres determined the busulfan dose based on body
surface area, the rest (97 centres) based on weight.

Overall, 16 of the 104 centres used pharmacokinetic meas-
urements for dose adjustment in myeloablative condition-
ing, 9 of these also in RIC. There was no difference between
centres giving oral or i.v. busulfan in the use of pharmacoki-
netics for dose adjustment, in full dose conditioning 3/11 vs.
14/90 centres, respectively. In RIC transplantations, pharma-
cokinetic-based dose adjustment was used in 1/10 centres
giving oral busulfan and 8/73 using i.v. busulfan.

Busulfan concentration was measured with liquid chroma-
tography and mass spectrometry in 7 centres, in the remain-
ing ones with liquid chromatography. The parameter used
for dose adjustment was area under the curve (AUC) with
one exception. The measurements for pharmacokinetics
were made after the first dose in 11 of 15 centres. One centre
used a test dose 1-2 weeks prior to conditioning.

The timing of the samples for pharmacokinetic measure-
ments in relation to the drug administration as well as the
busulfan exposure target ranges varied markedly, no two
centres had an identical policy. The practice of dose adjust-
ment based on pharmacokinetics was reported to be the
same in myeloablative and reduced intensity conditioning,
with one exception.

Seventy-four centres adjusted the dose of busulfan in mye-
loablative conditioning in obese patients, whereas 25 centres
did not. In RIC, 53 centres adjusted the dose whereas 31 did
not. In obese patients, the busulfan dose was determined ac-
cording to actual body weight (12 centres), ideal body weight
(15 centres), AIBW-25 (ideal body weight + 0.25 x (actual
body weight — ideal body weight) (46 centres), AIBW-40 (12
centres), or other (11 centres). The most common policy of
using AIBW-25 is in line with the recommendations of the
American Society of Blood and Marrow Transplantation
Practice Guidelines Committee [3].

Conclusions

There is a marked variation between centres in the details
of busulfan administration for conditioning in allogeneic
transplantation. The clinical impact of this variation remains
uncertain. Efforts toward a more standardized use of busul-
fan in the conditioning would be indicated.
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Kak npumeHATb bycynbpaH Ang KOHAMLUOHNMPOBAHNS
MpK anjoreHHon TpaHcnIaHTauum

Tananu Pyyty

]/.[HCTI/ITYT KIIMHNYE€CKUX I/ICCTIe,[[OBaHI/II/uI, YHI/IBCPCI/ITCTCKI/IIZ TOCIUTA/b, XeTbCUHKMU, CDI/[HJ'IHH,[[I/IH

Pe3slome

Konpuionnpyiommas Tepamusi, OCHOBaHHas Ha IIpUMe-
HeHnu 6ycynbdaHa, MCIIO/Ib3yeTCsl B TeUeHIe IeCATIIe-
TUI NIPY aJJIOTEHHOV TPaHCIUIAHTAL IeMOIIO3TIYe-
ckux knetok (ammo-TI'CK). Panee mpemapar HasHadamm
nepopanbHo. ONHAKO MHAMBMAyaJbHbIE DPasIMdMsA B
abcopOryy mpemapara U3 KHUIIEYHVKa MHOTAA [PUBO-
IAT K TOOOYHBIM TOKCHYeCKMM 3¢ dektam. B mociennee
BpeMsi BHYTPMBEHHOe BBefleHue OycymbdaHa HpyMe-
HSIOT BMECTO IEPOPAbHOrO0 Ha3HAYeHNs, HO MHOTuUe
K/IVHUKY ellje MCIO/b3YIOT U IIePOPAIbHYI0 TepaIuio.
Kpome Toro, pasimmuHble LEHTPbI MIPUMEHSIOT pasHble
CXeMBI €ro HasHaYeHVs, (PapMaKOKMHETUYEeCKMe UC-
CIefOBaHMsA Ui VHAVBUAYAIM3ALMU [I03 IIperapara.
[TosToMy Iie/Ibl0 HAIETO MCCIeSOBAHMSA ObITa OLEHKA
K/TaCCUYIECKOTO TpUMeHeHMst 6ycynbdaHa B pasIMIHbIX
TPAHCIUIAaHTALMOHHBIX KIMHMKaX. Pabodas rpymma EB-
POIIEIICKOro 001IIeCTBa TPAHCIIAHTALINY KOCTHOTO MO3-
ra (EBMT) nposena nccrnenoBanne cpenu cenrpos TTCK
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OTHOCHTE/IbHO UX IIPAKTUKY MCIIOb30BaHNUN Oycynbda-
Ha I KOHJVIMOHMPOBAHNUA Y B3POC/IbIX NAIMEHTOB,
B TOM 4NCJIe — JI03bl M ITyTV BBEleHNs Iperapara, poib
(hapMaKOTreHeTYeCKOT0 MOHUTOPUHTA. B 60/bIIMHCTBE
K/IMHUK OyCy/nb(haH HasHAYaloT BHYTPUBEHHO, KaK B MV-
€710a0/TaTMBHOM PEXVMe, TaK U B PEKVMAaX CHVDKEHHOI
MHTEHCUBHOCTY. OTMEYAIOTCA 3HAUYUTEIbHbIE PA3/INYINs
MEXJy LIeHTpaMy B OTHeIbHBIX MOMEHTaX Ha3HaYeHMUs
OycynbdaHa I KOHAMIVOHMpOBaHMA. KnmHmueckne
HOC/IENICTBYAA TAKOJ Bap1abeTbHOCTH OCTAIOTCS HEBbIAC-
HeHHBIMU. TpebyIoTcs ycumus, HallpaBjIeHHbIe Ha 6oree
CTaH/IapTU30BaHHOE IIPVIMEHeHNe OycynbdaHa B KOH/V-
IVIOHUPYIOIeil TepATINH.

KnioyeBble (J10Ba

Bycynbgan, TpaHCIUIaHTAMA TeMOIO3TUYECKIX CTBO-
JIOBBIX KJIETOK, CIIOCO0 Ha3HAYEHNS, TO3UPOBKA, MOHM-
TOPVHI.
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