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Purpose. The stability of busulfan solution in 0.9% sodium chloride and 
stored in polypropylene syringes or infusion bags was evaluated.

Methods. Busulfan solutions (0.54 mg/mL) were prepared and transferred 
to 50-mL polypropylene syringes and 100- and 500-mL polypropylene in-
fusion bags and stored at 2–8 and 23–27 °C. Chemical stability was mea-
sured using a stability-indicating, ultrahigh performance liquid chromatog-
raphy coupled to mass spectrometry method. The stability of busulfan 
was assessed by measuring the percentage of the initial concentration 
remaining at the end of each time point of analysis. The initial busulfan 
concentration was defined as 100%. Stability was defined as retention of 
at least 90% of the initial busulfan concentration. A visual inspection of the 
samples for particulate matter, clarity, and color without instrumentation of 
magnification was conducted at each time point of analysis.

Results. The visual inspection demonstrated no influence of the storage 
container when busulfan infusions diluted in 0.9% sodium chloride injec-
tion were stored at 23–27 °C. No color change or precipitate was observed 
at this temperature; however, a rapid decrease of the busulfan content in 
all containers stored at room temperature was observed. Busulfan in sy-
ringes was chemically stable for 12 hours, while busulfan in infusion bags 
(100 and 500 mL) was stable only for 3 hours at 23–27 °C.

Conclusion. Busulfan 0.54-mg/mL solution in 0.9% sodium chloride in-
jection was physically and chemically stable for 30 hours when stored in 
50-mL polypropylene syringes at 2–8 °C and protected from light.

Keywords: antineoplastic agents; busulfan; chemical precipitation; chro-
matography, liquid; drug stability; mass spectrometry
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Busulfan, a bifunctional alkylating 
agent in the class of alkyl sulfonate 

antineoplastic drugs, is extensively 
used in myeloablative regimens be-
fore hematopoietic stem cell trans-
plantation.1 This molecule was dis-
covered in the early 1950s and orally 
administered in clinical trials for the 
palliative treatment of chronic my-
eloid leukemia.2 However, this treat-
ment demonstrated highly variable 
pharmacokinetics, mainly induced 
by poor absorption after oral admin-
istration or presence of vomiting and 

variations in dietary intake, which can 
influence the outcome of the bone 
marrow transplantation.1,3-5 In order to 
increase the bioavailability of busul-
fan, an i.v. form was developed. Since 
busulfan has an extremely low solubil-
ity in water, the use of cosolvents was 
required to allow its solubilization. 
The i.v. form was initially commer-
cially available as Busulfex (Otsuka)
in the U.S. market as a clear, colorless 
concentrated solution of 6 mg/mL 
dissolved in N,N-dimethylacetamide 
(DMA, 33% by volume) and poly-
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ethylene glycol 400 (PEG400, 67% by 
weight).6 The same formulation was 
approved in Europe under the brand 
name Busilvex (Pierre Fabre).

Currently, busulfan is indicated in 
conjunction with other antineoplas-
tic agents such as cyclophosphamide 
(for adults) or melphalan (for chil-
dren) for conditioning before hema-
topoietic stem cell transplantation. 
Other antineoplastic agents, such as 
flu darabine or thiotepa, are also used 
with busulfan.7,8

According to the summary of 
product characteristics for parenteral 
busulfan, the concentrate must be 
diluted before administration in 0.9% 
sodium chloride injection or 5% dex-
trose injection to a final concentra-
tion of 0.54 mg/mL.9 The solution is 
stated to be stable for 8 hours at room 
temperature when the product is di-
luted in 5% dextrose injection. When 
the dilution is performed with 0.9% 
sodium chloride injection, the solu-
tion is stable for 12 hours under re-
frigeration (2–8 °C) or 3 hours at room 
temperature.

Busulfan is usually administered 
over 2 hours every 6 hours for 4 con-
secutive days, for a total of 16 doses. 
The limited stability of this product 
induces organizational problems for 
cytotoxic preparation units in hospital 
pharmacies.

A few studies have been con-
ducted to investigate how to increase 
the stability of diluted busulfan solu-
tions. Busulfan is known to undergo 
rapid hydrolysis degradation at room 
temperature, yielding tetrahydrofu-
ran and methanesulfonic acid.10,11 
Nevertheless, a U.S. study conduct-
ed in 1996 found that busulfan was 
chemically and physically stable at 
room temperature when reconsti-
tuted in 0.9% sodium chloride in-
jection or 5% dextrose injection and 
stored in polyvinyl chloride (PVC) or 
polyolefin bags for 8 hours.12 A more 
recent German study highlighted the 
physical instability of busulfan stored 
at low temperatures (2–8 °C) due to 
precipitation and concluded that bu-
sulfan diluted in 0.9% sodium chlo-

KEY POINTS
• The stability-indicating method 

used was more sensitive, more 
specific, and faster than con-
ventional high-performance 
liquid chromatography with 
ultraviolet light, with prior de-
rivatization step methods used 
for already published stability 
studies.

• The physical stability of diluted 
busulfan solutions was very la-
bile and strongly dependent on 
container type. 

• Busulfan 0.54-mg/mL solution 
in 0.9% sodium chloride injec-
tion was physically and chemi-
cally stable for 30 hours when 
stored in 50-mL polypropylene 
syringes at 2–8 °C and protect-
ed from light.

ride injection and stored at 10–15 °C 
is stable for up to 48 hours.13 That in-
termediate temperature was chosen 
to strike a balance between busulfan 
hydrolysis and the occurrence of pre-
cipitation. In 2013, a French group 
reported on the stability of busulfan 
in polypropylene syringes, PVC bags, 
and glass bottles at 3 different tem-
peratures (5, 14, and 20 °C) and con-
firmed the precipitation observed by 
the German group when busulfan in 
0.9% sodium chloride injection was 
stored at a low temperature.14 Howev-
er, stability was the longest (24 hours) 
when diluted bisulfan was stored in 
polypropylene syringes at 5 °C.

Most of the busulfan stability 
studies were based on quantitation 
with high-performance liquid chro-
matography (HPLC) with ultraviolet 
(UV)-light detection. However, busul-
fan has no chromophore functional 
group, and a derivatization step be-
fore analysis is required in order to 
make the compound visible under UV 
light. Der ivatization can be tedious, 

as it often requires a long reaction 
time (more than 1 hour) or heat to be 
achieved. Given the unstable nature of 
busulfan, a method with a short over-
all analysis time without a derivatiza-
tion step seems to be more suitable 
for determining the stability of phar-
maceutical formulations containing 
this molecule.

Ultra-HPLC (UHPLC) coupled to 
mass spectrometry (UHPLC-MS) is a 
sensitive, highly specific, and fast ana-
lytic technique. Moreover, no prior de-
rivatization step is required for busul-
fan analysis. This technique is widely 
used for monitoring plasma busulfan 
levels and making dosage adjust-
ments, particularly for pediatric pa-
tients.15-19 Nevertheless, to our knowl-
edge no UHPLC-MS method has been 
developed for evaluating the stability 
of busulfan.

This study investigated the stabil-
ity of busulfan diluted in 0.9% sodium 
chloride injection and stored in poly-
propylene syringes and infusion bags 
at 2–8 and 23–27 °C using UHPLC-MS.

Methods

Materials. Busulfan,a [2H
8
]-busulfanb 

(internal standard), Busilvexc from 3 
different lots (designated as lots A, B, 
and C), syringes,d syringe caps,e and 
infusion bags containing 0.9% sodium 
chloride injectionf were obtained com-
mercially. Ultrapure water,g liquid chro-
matography–MS grade acetonitrile,h 
formic acid,i and ammonium formatej 
were used for mobile-phase prepara-
tion. WFI-grade waterk was used for 
sample dilution. Forced degradation 
studies were performed with sodium 
hydroxide,l hydrochloric acid,m 30% 
hydrogen peroxide,n and heat (80 °C). 
DMAo and PEG400 (Macrogol 400)p 
were used for signal enhancement/
suppression effect investigations.

Preparation of reference solu-
tions. Busulfan reference solution for 
UHPLC-MS assay was prepared by 
dissolving 54 mg of busulfan powder 
in acetonitrile using a 20-mL volu-
metric flask. Because the solution was 
demonstrated to be stable for at least 5 
days at –20 °C, aliquots were placed in 
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500-mL plastic vials and stored at –20 
°C for the whole duration of the study.

The internal standard was pre-
pared by dissolving 10 mg of [2H

8
]-

busulfan in acetonitrile using a 20-mL 
volumetric flask. Because the solu-
tion was demonstrated to be stable 
for 2 months, aliquots were placed in 
500-mL plastic vials and stored at –20 
°C until use. A working solution of 10 
mg/mL was obtained by dilution with 
WFI-grade water and a 10-mL volu-
metric flask. The working solution was 
freshly prepared for each time point of 
analysis.

UHPLC-MS assay method. The 
optimized method to assay busulfan 
by UHPLC-MS used an ultrafast liq-
uid chromatograph system coupled 
to a mass spectrometer consisting of 
a high-vacuum pump;q a thermostat-
ed autosampler;r a quaternary-flow 
solvent-delivery system;s a 2.1 × 50 
mm, 1.7-mm C

18
 columnt fitted with a 

guard column;u a thermostatic column 
compartment;v and a triple-quadrupole 
mass spectrometer detector.w The col-
umn compartment was maintained at 
35 °C, and the sample-manager tem-
perature was maintained at 10 °C to 
limit sample degradation during the 
run time. The injection volume was 
set to 2 mL.

The mass spectrometer was oper-
ated in positive-ion electrospray ion-
ization mode. Electrospray settings 
were as follows: capillary voltage, 3.00 
kV; cone voltage, 18 V; and source and 
desolvation temperatures, 150 and 
450 °C, respectively. Desolvation and 
cone gas flow were set to 800 and 30 
L/hr, respectively. Positive ionization 
with selected-ion recording mode 
was used, and the multiplier gain was 
set on 1. Busulfan and [2H

8
]-busulfan 

were detected as ammonium adducts 
at m/z 264.1 and 272.1, respectively. 
Peak areas of busulfan and [2H

8
]-

busulfan were analyzed, and subse-
quent calculation of calibration curves 
and quantification of busulfan were 
performed with MassLynx software, 
version 4.1 (Waters, Milford, MA).

Two mobile phases, designated 
A and B, consisted of 5 mmol/L am-

monium formate and 0.1% formic 
acid in water (A) and pure acetonitrile 
(B). Gradients were programmed as 
follows: 20% mobile phase B for 0.4 
minutes, increased to 80% B for 0.5 
minutes, and then equilibrated with 
20% B for 0.8 minutes. A flow rate of 
0.6 mL/min was applied. A column-
switching valve was used to switch the 
liquid flow into the detector between 
0.4 and 1.0 minutes after injection. 
Each analysis was confirmed by a sec-
ond injection of the sample, with an 
acceptance specification lower than 
1% of the difference in response. The 
results were reported as the average of 
both analyses.

Antineoplastic substances han-
dling. All manipulations of toxic sub-
stances were executed inside a class 
II biological-safety cabinet with ap-
propriate and certified personal pro-
tective equipment, including safety 
goggles, mask, gloves, hand sleeves, 
and gown.20

Method validation. The devel-
oped method was validated according 
to the International Conference on 
Harmonisation (ICH) guidelines fol-
lowing the recommendations of the 
Commission of the French Society of 
Pharmaceutical Science and Tech-
nology (SFSTP).21-23 The calibration 
curves (r2 > 0.999) were obtained for 
each series with conventional least-
square linear regression using 3 con-
centrations (378, 540, and 648 ng/mL) 
by plotting the area ratio m/z (264.1 
and 272.1 for busulfan and [2H

8
]-

busulfan, respectively) against busul-
fan concentrations. No weighing func-
tion was applied. Calibration samples 
were prepared by diluting an adequate 
volume of busulfan reference solution 
to reach concentrations of 378, 540, 
and 648 ng/mL using 10-mL volumet-
ric flasks and WFI-grade water. Next, 
500 mL of [2H

8
]-busulfan working so-

lution was added as internal standard 
to obtain a final concentration of 500 
ng/mL in the sample. Validation sam-
ples were prepared by diluting 900 mL 
of Busilvex in 0.9% sodium chloride 
injection using a 10-mL volumetric 
flask, yielding a final busulfan concen-

tration of 0.54 mg/mL. The solution 
was then diluted in 10-mL volumetric 
flasks with WFI-grade water to final 
busulfan concentrations of 378, 540, 
and 648 ng/mL. Next, 500 mL of [2H

8
]-

busulfan working solution was added 
to each calibration sample to obtain 
a final concentration of 500 ng/mL in 
the sample. Calibration and validation 
samples were analyzed twice, and the 
average result was used to determine 
calculations and method validation.

The quantitative performance of 
the developed method was estimated 
using 3 separate series (n = 3). For 
each series, 6 independent calibra-
tion samples (2 for each concentra-
tion) and 12 independent validation 
samples (4 for each concentration) 
were analyzed. After establishing the 
calibration curves for each series, con-
centrations of validation samples were 
computed from the analytic response 
to obtain trueness, repeatability, and 
intermediate precision. Trueness, ex-
pressed as a percentage, was the ratio 
between theoretical and average mea-
sured values at each concentration. 
Repeatability and intermediate pre-
cision were expressed as the relative 
standard deviation (RSD) (i.e., the ra-
tio of the intraday standard deviation 
[sr] and interday standard deviation 
[sR], respectively, to the theoretical 
concentrations).

As reported in Table 1, trueness 
and precision values were in accor-
dance with recommendations for the 
analysis of pharmaceutical formula-
tions over the tested concentration 
range. The RSD values (repeatability 
and intermediate precision) were low-
er than 1.3%, with trueness values be-
tween 100% and 101%. The accuracy 
profile was then obtained according 
to the SFSTP 2006 recommendations 
(b = 95%). The upper and lower toler-
ance limits represented the total error 
of the method, based on the tolerance 
interval (Table 1).

Forced degradation studies. 
Forced degradation studies were per-
formed to provide an indication of 
the stability-indicating properties 
and specificity of the method. Inten-
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tional degradation of busulfan was at-
tempted using hydrochloric acid (0.1, 
0.5, and 1 mol/L), sodium hydroxide 
(0.1, 0.5, and 1 mol/L), 30% hydrogen 
peroxide, and heat (80 °C), follow-
ing the ICH recommendations and 
methodological guidelines for stabil-
ity studies of hospital pharmaceutical 
preparations.24 After the degradation 
treatments were completed, all sam-
ples were allowed to cool to room tem-
perature, neutralized with acid or base 
(if needed), and prepared according 
to the assay procedures. Because of 
the high specificity of MS and the low 
molecular mass of already identified 
degradation products (tetrahydrofu-
ran and methanesulfonic acid), there 
was no ambiguity on main peak prod-
uct identification (m/z, 264.1), and no 
interference between busulfan and its 
degradation products was observed 
(data not shown).

Physical assessment. A visual 
inspection of the samples for particu-
late matter, clarity, and color without 
instrumentation of magnification 
was conducted at each time point of 
analysis.

Data analysis. The stability of bu-
sulfan was assessed by measuring the 
percentage of the initial concentra-
tion remaining at the end of each time 
point of analysis. The initial busulfan 
concentration was defined as 100%. 
Stability was defined as retention of 
at least 90% of the initial busulfan 
concentration.

Sample preparation. Syringes. 
Three bulk solutions from 3 Busilvex 
lot numbers were prepared by dilut-
ing 19.73 g of Busilvex in 180.8 g of 
0.9% sodium chloride injection. These 

Table 1. Validation Results for Busulfan Assaya

Theoretical 
Busulfan Conc.  

(ng/mL)

%

Trueness 
Repeatability, 

RSD
Intermediate 

Precision, RSD
Tolerance 
Interval 

378 100.0 0.8 1.3 97.0–103.0

540 100.8 1.1 1.3 97.9–103.8

648 101.0 1.2 1.2 98.2–103.7

aRSD = relative standard deviation.

solutions were homogenized with a 
magnetic stirrer for 5 minutes prior 
to dispensing in 12 50-mL syringes (4 
for each lot number). A 300-mL sample 
was withdrawn in each syringe for ini-
tial busulfan quantification. For each 
batch, 3 syringes were stored at 2–8 °C 
in a regulated climatic chamber and 1 
syringe was stored at room tempera-
ture (23–27 °C). All syringes were pro-
tected from light.

Infusion bags. Four 100-mL infu-
sion bags were prepared for each dif-
ferent Busilvex lot number. From each 
container, 9 mL of 0.9% sodium chlor-
ide injection was withdrawn with a 
10-mL syringex and a 20G needley 
followed by an injection of the same 
volume of Busilvex. The containers 
were then vigorously shaken prior to 
individual busulfan concentration 
determination by UHPLC-MS. For 
each batch, 3 containers were stored 
at 2–8 °C in a regulated climatic 
chamber and 1 container was stored 
at room temperature (23–27 °C). All 
containers were protected from light.

Four 500-mL infusion bags were 
prepared from 3 different Busilvex lot 
numbers (2 from lot A and 1 each from 
lots B and C). From each container, 45 
mL of 0.9% sodium chloride injection 
was withdrawn with a 50-mL syringey 
and a 18G needled followed by an in-
jection of 45 mL of Busilvex. The con-
tainers were then vigorously shaken 
prior to individual quantification 
of busulfan by UHPLC-MS. All bags 
were stored at 2–8 °C in a regulated 
climatic chamber except 1 bag from 
lot A that was stored at room temper-
ature (23–27 °C). All containers were 
protected from light.

Sample analysis. At each time 
point of analysis, all containers were 
vigorously shaken and observed for 
physical assessment prior to with-
drawal of the sample with 1-mL sy-
ringesz and 22G needles.aa The num-
ber of containers, sampling times, and 
volumes are summarized in Table 2.

Results and discussion

Ion suppression or enhance-
ment effect. A modification of the MS 
signal can be observed when several 
compounds are coeluted into the mass 
spectrometer. Such a phenomenon 
might induce an error in the quantifi-
cation of the target compound. In the 
case of pharmaceutical formulations, 
particular attention should be paid to 
the possible coelution of excipients 
and target compound. For example, 
PEG (widely used as a solubilization 
agent) is known to cause strong signal 
suppression.25 An assay was conduct-
ed to investigate this effect for both the 
excipients of Busilvex—PEG400 and 
DMA. Three solutions were prepared: 
1 with PEG400 only, 1 with DMA only, 
and 1 with a mixture (2:1 ratio, weight/
weight) of these 2 products. These 
solutions were diluted following the 
standard assay procedure and injected 
in the UHPLC-MS system with the pa-
rameters described above. A busulfan 
solution (100 ng/mL in acetonitrile) 
at a 50-mL/min flow rate was continu-
ously injected into the mass spec-
trometer with a postcolumn-injection 
procedure. The busulfan signal re-
cording was examined to visualize 
the effects of excipients on the signal. 
DMA did not have any influence; how-
ever, PEG400 showed numerous ion 
suppression zones at different reten-
tion times. Optimization of the gra-
dient and column temperature was 
performed to remove overlap between 
ion suppression zones and busulfan 
retention time (data not shown).

Stability study results. The vi-
sual inspection demonstrated no 
influence of the storage container 
when busulfan infusions diluted in 
0.9% sodium chloride injection were 
stored at 23–27 °C. No color change or 
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Table 2. Experimental Conditions in Determining Stability of Busulfan 0.54 mg/mL in 0.9% Sodium Chloride 
Injections

Containers
Storage 

Temperature, °C
No. 

Containers Sample Volume, mL Sampling Times, hr

50-mL polypropylene syringes 2–8 9 300 0, 3, 6, 12, 17, 24, 30, 33, 36, 
50

23–27 3 300 0, 3, 6, 12, 17, 24, 30, 36, 50

100-mL polypropylene infusion 
bags

2–8 9 300 0, 3, 6, 9, 12, 15, 19, 23, 28, 
33, 100

23–27 3 300 0, 3, 6, 9, 12, 15, 19, 23, 28, 31

500-mL polypropylene infusion 
bags

2–8 3 500 0, 3, 5, 9, 13, 16, 19, 22

23–27 1 500 0, 3, 5, 9, 13, 16, 19, 22

Table 3. Stability of Busulfan 0.54 mg/mL in 0.9% Sodium Chloride 
Injection Stored in 50-mL Polypropylene Syringes

Study Time, hr

Mean ± S.D. % Initial Busulfan 
Conc. Remaining at Indicated 

Storage Temperature

2–8 °Ca 23–27 °Cb

3 97.14 ± 0.79 93.60 ± 0.42

6 96.41 ± 0.47 93.26 ± 0.45

12 99.25 ± 0.52 98.34 ± 3.97

17 96.93 ± 0.67 85.42 ± 0.87

24 97.99 ± 1.29 80.18 ± 1.53

30 93.93 ± 1.52 75.57 ± 1.00

33 88.89 ± 1.93 NAc

36 88.93 ± 3.35 68.11 ± 1.30

50 78.91 ± 11.39 68.04 ± 0.17
aActual mean ± S.D. initial busulfan concentration = 0.56 ± 0.005 mg/mL (n = 9). The sample 

volume was 300 mL.
bActual mean ± S.D. initial busulfan concentration = 0.56 ± 0.005 mg/mL (n = 3). The sample 

volume was 300 mL.
cNot applicable; not a predetermined study time for this temperature.

precipitate was observed at this tem-
perature; however, a rapid decrease of 
the busulfan content in all containers 
stored at room temperature was ob-
served. As shown in Table 3, busulfan 
in syringes was chemically stable for 
12 hours; busulfan in infusion bags 
(100 and 500 mL) was stable only for 
3 hours at 23–27 °C if a 10% threshold 
limit was considered (Tables 4 and 
5). These results were consistent with 
those obtained by Houot et al.,14 who 
demonstrated the stability of busulfan 
for 15 hours when stored in polypro-
pylene syringes and for 6 hours when 
stored in PVC infusion bags at room 
temperature. Moreover, Houot et al.14 
found that the stability of busulfan in 
infusion bags stored at room tempera-
ture was shorter than expected com-
pared with that found in the summary 
of product characteristics.9

At a lower temperature (2–8 °C) the 
stability of diluted busulfan solution 
was mainly driven by the physical as-
sessment. Indeed, white crystals were 
detected on the syringes’ surface after 
33 hours of storage. This observation 
could be correlated with the quantifi-
cation results obtained for the syringes 
stored at 2–8 °C (Table 3). Indeed, all 
the tested solutions remained above 
the 90% threshold limit for 30 hours 
(n = 9, RSD <2%). The variability in 
crystallization kinetics resulted in the 
relatively large standard deviations ob-
served for time points after 30 hours.

Busulfan crystallization was also 
detected in the 100-mL infusion bags, 

but the precipitate took the form of 
a granular film on the bags’ surface. 
Interestingly, some bags showed pre-
cipitate formation after only 15 hours, 
while others showed no precipitate 
after 100 hours. For each bag, the ap-
pearance of precipitate was correlated 
with a strong diminution of busulfan 
concentration found by UHPLC-MS 
(Figure 1). In the worst case, the 100-
mL infusion bags remained stable at 
2–8 °C for 12 hours (Table 4), consis-
tent with the manufacturer’s storage 
recommendations. The same vari-

ability in precipitate formation was 
observed for the 500-mL infusion bags 
(Figure 2). However, the stability time 
was shorter than expected (9 hours in-
stead of 12 hours) (Table 5).

The results of this study confirmed 
that polypropylene syringes offered 
the best stability times, regardless of 
the storage temperature. However, the 
stability of busulfan at 2–8 °C in these 
syringes was considerably increased 
compared with the manufacturer’s 
recommendations. As discussed in 
other studies, there are 2 independent 
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Table 4. Stability of Busulfan 0.54 mg/mL in 0.9% Sodium Chloride Injection Stored in 100-mL Polypropylene 
Infusion Bags

Study Time (hr)

Mean ± S.D. % Initial Busulfan Conc. Remaining at Indicated Storage Temperature

2–8 °Ca

23–27 °CbLot A Lot B Lot C

3 99.59 ± 1.38 99.79 ± 1.70 98.58 ± 1.08 96.03 ± 0.23

6 95.28 ± 1.75 96.04 ± 1.03 95.89 ± 1.30 90.78 ± 1.05

9 97.04 ± 1.56 96.99 ± 0.09 97.49 ± 1.35 90.01 ± 0.53

12 96.75 ± 1.89 98.22 ± 1.19 98.10 ± 2.73 88.55 ± 1.32

15 99.43 ± 2.15 99.42 ± 0.93 95.90 ± 6.19 87.59 ± 0.38

19 96.61 ± 1.48 97.30 ± 0.62 75.02 ± 44.1 84.20 ± 0.61

23 97.07 ± 1.18 97.23 ± 0.59 56.96 ± 67.5 79.36 ± 0.57

28 94.04 ± 0.63 87.19 ± 12.1 43.22 ± 104 73.79 ± 1.57

31 95.40 ± 2.23 79.83 ± 33.5 44.49 ± 84.7 74.12 ± 4.55

33 98.71 ± 2.26 72.26 ± 51.9 37.93 ± 124 NAc

100 86.94 ± 1.70 61.47 ± 37.4 34.06 ± 66.4 NA
aMean ± S.D. initial busulfan concentration = 0.53 ± 0.004 mg/mL (n = 3 for each batch). The sample volume was 300 mL.
bMean ± S.D. initial busulfan concentration = 0.53 ± 0.004 mg/mL (n = 3). The sample volume was 300 mL.
cNot applicable; not a predetermined study time for this temperature.

Table 5. Stability of Busulfan 0.54 mg/mL in 0.9% Sodium Chloride 
Injection Stored in 500-mL Polypropylene Infusion Bags

Study Time, hr

% Initial Busulfan Conc. 
Remaining at Indicated Storage 

Temperature

2–8 °Ca 23–27 °Cb

3 NAc 98.41

5 96.12 ± 0.36 91.25d

9 92.63 ± 1.08 85.03

13 87.89 ± 10.8 86.42

16 80.27 ± 15.3 81.68

19 71.19 ± 26.0 77.36

22 53.02 ± 30.5 71.87
aResults expressed as mean ± S.D. (n = 3). Mean ± S.D. initial busulfan concentration = 0.53 

± 0.004 mg/mL (n = 3). The sample volume was 500 mL.
bInitial busulfan concentration = 0.53 mg/mL (n = 1). The sample volume was 500 mL.
cNot applicable; not a predetermined study time for this temperature.
dA systematic error (1.3%) should be considered when examining results.

phenomena that explain busulfan 
degradation. At a high temperature, 
the main cause is hydrolysis; at a low 
temperature, the precipitation is the 
main source of product instability. 
Crystallization of a metastable solu-
tion is initiated by a nucleation process 

followed by crystal growth resulting 
from consecutive additions of mole-
cules onto the nucleus. Both steps are 
influenced by numerous factors and 
are difficult to predict. Indeed, tem-
perature, agitation, and interactions 
between product and container are 

known to influence the precipitation 
kinetics.26 Other potential variables 
that could affect busulfan degradation 
include the roughness of the contain-
er, surface area:volume ratio, and ad-
sorption affinity of the drug molecule 
to the surface. These factors might ex-
plain the variability observed between 
the container types. They could also 
explain the variability observed within 
the same container type, such as with 
the 100-mL bags.

Karstens and Kramer13 tried to ex-
trapolate the influence of tempera-
ture on busulfan crystallization. They 
found that an intermediate storage 
temperature of 14 °C could extend 
the shelf life of diluted busulfan solu-
tions. This result was not confirmed 
by Houot et al.14 An intermediate tem-
perature was excluded from our study 
because it would have created addi-
tional storage problems, as climatic 
chambers would have been necessary 
in all care units that use busulfan.

Published data and the results 
of the current study suggest that the 
physical stability of diluted busulfan 
solutions is very labile and strongly 
dependent on container type. Indeed, 
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Figure 1. Stability of busulfan at 0.54 mg/mL in 0.9% sodium chloride injection 
at 2–8 °C and stored in 3 100-mL infusion bags for lot C. Each line represents 1 
of the 3 bags. The red dashed lines correspond to the higher and lower accep-
tance limits.
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Figure 2. Stability of busulfan at 0.54 mg/mL in 0.9% sodium chloride injection 
at 2–8 °C and stored in 500-mL infusion bags for lot A (blue dots), B (orange 
triangles), and C (green squares). The red dashed lines correspond to the higher 
and lower acceptance limits.
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of the containers tested in this study, 
syringes offered the best stability re-
gardless of the storage temperature. 
Moreover, the solutions remained sta-
ble for a longer period of time when 
they were stored in refrigerated con-
ditions. Because high variability was 
observed in the precipitation time and 
rate of busulfan, inspection of busul-
fan containers before transport to care 
units and before administration to pa-
tients is strongly recommended.

The extended shelf life of busulfan 
infusion stored in syringes allowed 
for better organization of the chemo-
therapy preparation unit by reducing 
busulfan production to once daily. 
This allowed the 4 doses of busulfan 
required for a patient each day to be 
prepared at the same time and sent to 
care units in advance.

Conclusion

Busulfan 0.54-mg/mL solution in 
0.9% sodium chloride injection was 
physically and chemically stable for 
30 hours when stored in 50-mL poly-
propylene syringes at 2–8 °C and pro-
tected from light.

Disclosures
The authors have declared no potential 
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aBusulfan, analytic standard for drug 
analysis, Sigma-Aldrich, St. Louis, MO, lot 
BCBN8120V.

b[2H
8
]-busulfan, Alsachim, Stras-

bourg, France, batch CM-ALS-11-167-B1.
cBusilvex, busulfan 6 mg/mL (10 

mL), Pierre Fabre Pharma SA, Allschwill, 
Switzerland, lots AD5362B, AD9058B_1, 
and AD7703D_1 (called lots A, B, and C, 
respectively, in this study).

dBD Luer-Lok Plastipak syringes, 50 
mL, Becton Dickinson, Franklin Lakes, 
NJ, ref. no. 300865, lot 1505235.

eTamper-evident cap, B. Braun Medi-
cal, Bethlehem, PA, ref. no. 418004, lot 
61458781.

fSodium chloride 0.9% Bioren 500- 
and 100-mL bags, Sintetica, Mendri-
sio, Switzerland, ref. no. 420028, lot 
15112269B (for 500-mL bags) and ref. no. 
420025, lot 15092230A (for 100-mL bags). 

gType 1 ultrapure water, Milli-Q 
purification system, Merck-Millipore, 
Darmstadt, Germany.
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hAcetonitrile hypergrade for LC-MS, 
Merck, Darmstadt, Germany, lot 
I784629529.

iFormic acid for mass spectrometry, 
98%, Sigma-Aldrich, lot BCBP4740V.

jAmmonium formate for mass 
spectrometry, >99.0%, Sigma-Aldrich, lot 
BCBP6806V.

kAqua ad iniect. Ph. Eur. steril, Labo-
ratorium Dr. G Bichsel AG, Unterseen, 
Switzerland, lot 1000247.

lSodium hydroxide solution, 1 mol/L, 
Merck, lot HC681199637.

mHydrochloric acid, 1 mol/L, Merck, 
lot HC253654.

nHydrogen peroxide 30% for analysis, 
Merck, lot K46362809512.

oN,N-dimethylacetamide anhydrous, 
99.8%, Sigma-Aldrich, lot STBF4798V.

pPolyethylene glycol, Macrogol 400 
Ph. Eur., Hanseler, Herisau, Switzerland, 
lot 2015.07.0183.

qSogevac SV 40 BI, Leybold, Cologne, 
Germany.

rWaters Aquity UPLC H-Class Sample 
manager-FTN, Waters, Milford, MA.

sWaters Acquity UPLC H-Class QSM, 
Waters.

tWaters Acquity UPLC BEH Shield 
RP18, 2.1 × 50 mm, 1.7-mm particle size, 
Waters, lot 01503326015908.

uWaters Acquity UPLC BEH Shield 
RP18 2.1 × 5 mm, 1.7-mm VanGuard Pre-
Column, Waters, lot 0161352101.

vWaters Acquity CH-A column heater, 
Waters.

wWaters TQD, Waters.
xOmnifix 10 mL, B. Braun, Melsun-

gen, Germany, lot 15L19C8.
yBD Microbalance 3 18G needle, 

Becton Dickinson, ref. no. 304622, lot 
150805.

zBD 1-mL Luer-Lok Tip syringe, 
Becton Dickinson, ref. no. 309628, lot 
5201845CAV08.

aaNeolus 22G hypodermic needle, 
Terumo, Tokyo, Japan, ref. no. NN-2232S, 
lot 1401005.
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