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Abstract

Objectives: Azacitidine is a pyrimidine nucleoside analogue
whose stability is temperature dependent. Numerous pub-
lications have studied the stability of this drug with discor-
dant results. Thepurpose of thiswork is to study the stability
of azacitidine suspensions under different conditions to
allow preparation in advance: vials stored at room temper-
ature or between 2 and 8 °C, reconstituted with refrigerated
water for injection (WFI) or frozen/thawed WFI, azacitidine
suspensions stored at room temperature, 2–8 °C or at−20 °C.
The feasibility of a vented ChemoClave® Spike vial was also
tested to reconstitute and collect azacitidine to aid the
preparation stage.
Methods: The stability study was performed by HPLC
coupled to a photodiode array detector. The method was
validated according to ICH Q2(R1). Two syringes were
prepared for each analysis condition and two sampleswere
realised for each syringe at each time of the analysis. For a

storage at 2–8 °C, analyses were performed for up to 168 h.
The stability was studied after 2 h at room temperature. For
frozen storage, the stability was studied after 28 days.
Results: Azacitidine 25mg/mLsuspensions storedbetween
2 and 8 °C, prepared with refrigeratedWFI or frozen/thawed
WFI, retainedmore than 90%of the initial concentration for
96 h and then for 2 h at room temperature. Prepared with
frozen/thawed WFI, azacitidine 25 mg/mL suspensions
stored at −20 °C for 28 days and then 72 h between 2 and 8 °C
after thawing, retained more than 90% of the initial con-
centration. When using a Spike system compared to using a
needle for reconstitution and collection of the suspension,
the results obtained byHPLC showed a decrease of 1.47% in
the concentration of azacitidine. The comparisons of the
volumes withdrawn after reconstitution were similar when
using a Spike system or a needle.
Conclusions: Azacitidine 25 mg/mL suspensions recon-
stituted with refrigerated WFI were chemically stable for
4 days when stored at 2–8 °C whatever the storage of vials
(refrigerator or room temperature), and 2 h at room tem-
perature. A storage of azacitidine 25mg/mL suspensions in
syringes prepared with frozen/thawed WFI at −20 °C has
been validated for up to 28 days, leading to the possibility
to prepare in advance. A Spike device can be used to
reconstitute and collect azacitidine.

Keywords: administration; azacitidine; stability; suspension.

Introduction

Azacitidine is an antimetabolite pyrimidine nucleoside
analogue, indicated in the treatment of haematological
pathologies such as myelodysplastic syndrome and acute
myeloid leukemia. The recommended dose is 75 mg/m2 of
body surface area by subcutaneous injection per day for
7 days, followed by a 21-day rest period. Azacitidine is a
lyophilised powder that is reconstituted with water for
injections (WFI) to obtain a suspension for injection at
25 mg/mL [1].
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This cytotoxic drug is unstable in aqueous solutions.
The description of the hydrolysis degradation has been
realised by different research teams [2–4]. Azacitidine is
degraded in two steps: the first is a rapid and reversible
hydrolysis, to form N-formylribosylguanylurea (RGU-CHO).
The second step is an irreversible hydrolysis of RGU-CHO to
ribosylguanylurea (RGU).

As recommended by manufacturers, if azacitidine is
reconstituted with WFI that has not been refrigerated, the
stability has been demonstrated for 45min at 25 °C and for 8 h
between 2 and 8 °C. If the reconstitution is performed with
refrigerated WFI, the stability can be extended to 22 h be-
tween 2 and 8 °C [5]. The short stability of azacitidine requires
to mobilize pharmaceutical personnel for the preparation of
syringes on weekends. Duriez et al. have demonstrated a
stability of 8 days for frozen suspensions (−20 °C) of azaciti-
dine at 25 mg/mL reconstituted with refrigerated WFI [6].
Under the same conditions, Balouzet et al. have concluded to
a stability of 30 days and Walker et al. of 23 days [2, 7].
Regarding storage between 2 and 8 °C, different stability data
are demonstrated: 2 days of stability for azacitidine suspen-
sions by Légeron et al. to 5 days by Vieillard et al. [8, 9]. The
temperature is a factor which affects the hydrolysis of azaci-
tidine and, consequently, the stability of this molecule [10].

In daily practice of a central cytotoxic preparation unit,
an isolator can be used and the preparation requires a
sterilization step of the products, bringing heat. Savry et al.
compared the temperature of WFI stored between 2 and
8 °C, after the complete decontamination procedure in
isolators, in several containers: 50 mL glass vial, 250 mL
glass vial, 20mL plastic ampoule [11]. Themean ± standard
deviation (SD) temperatures were 16.6 ± 0.7, 11.9 ± 0.3, and
10.3 ± 0.2 °C for the 20 mL ampoules, 50 mL bottles, and
250 mL bottles, respectively. The temperature is too warm
for maximum azacitidine stability. They have concluded
that “a better way to reconstitute a 100mL vial of azacitidine
is to freeze a 20 mL plastic ampoule containing sterile WFI,
thaw it for 30 min, agitate the ampoule for 30 s, and remove
the 4 mL needed for reconstitution. ». However, in this
study, the impact of the use of thawed WFI on the stability
of azacitidine compared to refrigerated WFI already
partially warmed was not studied.

The objective of this work was to study the physico-
chemical stability of a new generic of azacitidine, from
Viatris company (ex Mylan) considering the working con-
ditions in a centralized cytotoxic preparation unit. The
impact of the temperature ofWFI for the reconstitution and
the condition of storage of azacitidine vials were studied.

Azacitidine vials were reconstituted either with refrig-
erated WFI or WFI initially frozen, placed in the refrigerator
the day before, for partial thawing: on the day of the

manipulation, the bag is taken out of the refrigerator. The
study was carried out under two storage conditions for
azacitidine vials: room temperature or 2–8 °C. To simulate
the worst condition of storage, a stability study was per-
formed on azacitidine suspensions which were prepared
with vials stored at room temperature, reconstituted with
refrigeratedWFI, stored 24 h between 2 and 8 °C and kept at
room temperature up to 2 h. Another study was carried out
with storage of the syringes at −20 °C for 28 days then an
evaluation of the stability after thawing for 4 days.

The use of a Spike device (ICU Medical) has been
studied to replace a needle and to facilitate the preparation
of azacitidine suspensions.

Materials and methods

Chemicals and reagents

Di-sodium hydrogen phosphate Na2HPO4 (VWR Chemicals, batch:
AM1616521035), sodium dihydrogen phosphate NaH2PO4 anhydrous
(VWRChemicals, batch: 17D104101), acetonitrile gradient grade for HPLC
(VWRChemicals, batch: 21C092035),water for chromatographyproduced
by a reverse osmosis system (Millipore Iberica, Madrid, Spain) were used
for themobilephase. ThepHwasadjustedat 6.5 by sodiumhydroxide 1M
(VWR chemicals, batch: 210305C001). Hydrochloric acid 1 M (VWR
chemicals, batch: 201124C003) and sodium hydroxide 1 M (VWR chem-
icals, batch: 210305C001) were used for the forced degradation study.
Azacitidine 100 mg, powder for injectable suspension (Mylan, batch 1:
7U10030A and batch 2: 7U10010A), WFI 250 mL glass vial (Lavoisier,
batch: 1F516), WFI 500 mL (Macoflex, Batch 21A07A) ChemoClave®

vented vial Spike (ICU Medical), a female luer-lock to female luer-lock
connector in polycarbonate (Vygon) and polypropylene syringes 5 mL
(Medicina, batch: 20,120,511) were used for test solutions, the validation
of theanalyticalmethod, the forceddegradation, and the stability studies.

HPLC assay

Azacitidine suspensions were analyzed by a stability-indicating
reversed-phase high-performance liquid chromatography (RP-HPLC)
method with photodiode array detection adapted from Duriez et al. [6]
The HPLC system consisted of an ELITE LaChrom VWR/Hitachi plus
autosampler, a VWR photodiode array (DAD) detector L-2455 and a
VWR L-2130 HPLC-pump. Data were acquired and integrated by using
EZChromElite (VWR, Agilent). The column usedwas Synergi™ Fusion-
RP 80 A, 150 × 4.6 mm and 4 μm particle size (Phenomenex®), with a
security Guard™ cartridge fusion-RP 4 × 3.0 mm (Phenomenex®). The
mobile phase was in isocratic mode constituted by 99% of 10 mM
phosphate buffer (1154.8 mg NaH2PO4 with 231.8 mg Na2HPO4 qs 1 L of
ultrapure water) adjusted at pH=6.5 with NaOH 1 M and 1% of aceto-
nitrile gradient grade for HPLC. The detection of azacitidine was per-
formed at 240nm. Theflow ratewas set at 1.0mL/min,with an injection
volume of 20 µL. The temperatures of the column and of the injector
were set at 25 °C and 4 °C respectively. The method was validated as
recommended by the international conference on harmonisation (ICH)
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Q2 (R1) [12]. The calibration curve was constructed from plots of peak
area vs. concentration. The linearity of the method was evaluated with
five concentrations (80, 90, 100, 110, 120 μg/mL). A solution of azaci-
tidine 1 mg/mL was prepared from 100 mg powder azacitidine diluted
qs 100.0 mL of refrigerated WFI. This solution at 1 mg/mL was refrig-
erated and used to prepared standard curves by dilution with refriger-
ated mobile phase. The intra-day precision was evaluated using three
determinations for each concentration at 80, 100 and 120 μg/mL. For
interday precision, three determinations for each concentration at 80,
100 and 120 μg/mL of azacitidine were assayed daily on three different
days.

The evaluation of the stability in the autosampler was not real-
ized: each sample prepared was immediately analysed by HPLC. The
stability-indicating capability was evaluated by analysing forced
degraded azacitidine solutions:
– Acidic conditions: onemLof a 400 μg/mL azacitidine solutionwas

diluted with 1 mL HCl 0.01 M, stored at 20–25 °C for 1 min,
neutralized by 1 mL of NaOH 0.01 M and diluted with 1 mL of
ultrapurewater to obtain a theoretical concentration of 100 μg/mL.

– Alkaline degradation: one mL of a 400 μg/mL azacitidine solution
was diluted with 1 mL NaOH 0.001 M, stored at 20–25 °C for 30 s,
neutralized by 1 mL of HCl 0.001 M and diluted with 1 mL of
ultrapurewater to obtain a theoretical concentration of 100 μg/mL.

– Heat degradation: a solution of 100 μg/mL azacitidine was
exposed to a temperature of 37 °C for 4 h.

The specificity of our method was evaluated with the analysis of a
mannitol solution, the excipient of azacitidine Mylan® at 1 mg/mL.

Analysis conditions of the stability study

Different analysis conditions have been studied in this work (Table 1). As
recommendedbymanufacturers, theproductdoesnot requireanyspecial
storage conditions [1]. Temperature is a factor influencing the stability of
azacitidine, therefore two storage conditions for the 100 mg azacitidine
vials were investigated: room temperature and between 2 and 8 °C.

Preparation of test solutions

All manipulations were performed under a biological safety cabinet.

Stability study in polypropylene syringes: for the preparation of
25 mg/mL suspensions, each vial was reconstituted with 4 mL of WFI
as in practice. Two types of WFI were used for the reconstitution:
– Refrigerated WFI: a vial of 500 mL WFI was placed in a refriger-

ator at least 24 h before syringe preparation. This vial was taken
out of the refrigerator on the day of the preparations and left for
15 min on a bench at temperature to simulate a sterilization cycle
in an isolator.

– Frozen/thawedWFI: a 500 mLWFI infusion bag was in a freezer.
The day before preparation, this bag was placed in a refrigerator.
On the morning of the preparation, part of the bag was thawed
and the WFI was used for reconstitution.

For each test condition, two syringes were prepared. Several vials of
100 mg azacitidine were reconstituted and the total volume was
collected in a 60 mL syringe to obtain a homogeneous suspension.
This suspensionwas then dispensed into 5 mL syringes using a female
luer-lock to female luer-lock connector. Each syringe contained 3 mL
of the 25 mg/mL azacitidine suspension. These syringes were stored
between 2 and 8 °Cor−20 °C. Two 3mL syringeswere prepared for each
analysis time and for each analysis condition.

For vials stored in the refrigerator, the total time from removal of
the vial to storage of the syringe in the refrigerator or freezer shouldnot
exceed 30 min.

The impact of room temperature storage on azacitidine stability
was studied. An analysis of 25 mg/mL azacitidine suspension was
performed after 2 h of storage at room temperature for azacitidine
syringes stored for 24 h at 2–8 °C. Syringes were prepared from vials
stored at room temperature. Each vial was reconstituted with 4 mL of
refrigeratedWFI. The syringeswere placed between 2 and 8 °C for 24 h,
then left for 2 h at room temperature. As the main stability study, two
syringes were performed and two samples per syringe were analysed
by HPLC after the preparation, after 24 h between 2 and 8 °C and after
2 h at room temperature.

Two different batches of azacitidine vials were tested for all
conditions.

Sample dilution for analysis by RP-HPLC

For each condition studied and for each time of analysis, two identical
syringes for two batches of azacitidine vials were realised and two

Table : Conditions of analysis for the stability study of azacitidine.

Azacitidine vials stored between  and  °C

Frozen/thawed WFIa Syringes stored between  and  °C Times of analysis: T,  h,  h,  h,  h,  h
Syringes stored at − °C Times of analysis: T and  days at − °C and after

thawing, analysis at  h,  and  h between  and  °C
Refrigerated WFI Syringes stored between

 and  °C
Times of analysis: T,  h,  h,  h,  h,  h

Azacitidine vials stored at room temperature

Refrigerated WFI Syringes stored between  and  °C Times of analysis: T,  h,  h,  h,  h,  h
Syringes stored at room
temperature

Times of analysis: After  h between  and  °C,
analysis after  h at room temperature

Frozen/thawed WFIa Syringes stored between
 and  °C

Times of analysis: T,  h,  h,  h,  h,  h

aWFI, water for injection.
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samples were prepared and analysed by RP-HPLC for each syringe.
At each time of the analysis, the entire content of the azacitidine
25 mg/mL syringe to be analyzed was injected into a glass tube. The
samples were diluted before analysis with refrigerated mobile phase
to obtain a concentration of 100 μg/mL (middle of the standard
curve): 1 mL of 25 mg/mL azacitidine suspension was diluted in a
25 mL volumetric flask to obtain a 1 mg/mL azacitidine solution. Two
millilitres of 1 mg/mL azacitidine solution were diluted in a 20 mL
volumetric flask to obtain a solution at 100 μg/mL, the concentration
for the analysis by RP-HPLC. Samples were prepared in duplicate
and analysed by RP-HPLC. This process was repeated at each time of
the analysis and for each condition of analysis. Total run time was
set at 10 min.

Chemical stability was defined as not less than 90% of the initial
azacitidine concentration [13].

Additional studies

In usual practice, questions about the preparation of 25 mg/mL aza-
citidine suspensions have arisen. Additional studies were carried out
to answer these questions:
– The impact of using a ChemoClave® vented vial Spike: to secure the

preparation of azacitidine suspensions in daily practice, the use
of ChemoClave® Spike has been investigated for reconstituting
azacitidine vials and thus replacing the use of a needle.

With a needle, one vial of 100 mg azacitidine was reconstituted with
4mL of refrigeratedWFI. Two independent samples were prepared for
analysis by HPLC. The needle was withdrawn and then a Spike system
was inserted on the already reconstituted vial. Two independent
samples were prepared for analysis by HPLC. The results obtained by
HPLC in the two situations (needle or Spike system) were compared.

Secondly, the volumes taken from the vials by a needle or by a
Spike system were compared. Three vials were reconstituted with a
needle (4 mL of refrigerated WFI). All the contents of the three vials
were removed with a needle. The same procedure was performed us-
ing a Spike for reconstitution and for removing the contents of the
vials.
– Measurements of the temperatures of refrigerated WFI and frozen/

thawed WFI: on three consecutive days, the temperature of refrig-
erated WFI glass vials was measured 15 min after removing from
the refrigerator, 30min, 45, 60, 90, 120, 150, 180, 210 and 240minat
room temperature. This period takes into account the preparation
time (removal of the azacitidine vials, alcohol decontamination
and reconstitution). Similar measurements were carried out on
frozenWFI bags for several days. These infusion bags were placed
in the refrigerator the day before the measurement. The measure-
ments were taken 15 min after removing from the refrigerator,
30 min, 45, 60, 90, 120, 150, 180, 210 and 240 min at room
temperature.

Determination of physical stability

Physical stability was defined as the absence of aggregate formation.
The sampleswere visually inspectedwith unaided eye at each analysis

time by two technicians [13]. The objective of this physical evaluation
was to observe a potential aggregation of the suspension.

Results

Reversed phase HPLC

The calibration curve was linear, the correlation coeffi-
cient was 0.99987. The equation of the calibration curve
was y=122450.62x + 216077.67. The intra-day precision
expressed as relative standard deviation (RSD) was be-
tween 0.29 and 1.98%. The intermediate precision
expressed as RSD was 2.50% at 80 μg/mL, 1.16% at
100 μg/mL and 1.55%at 120 μg/mL. The analytical method
was specified with the absence of interference by a
1 mg/mL mannitol solution.

Stability-indicating capacity was proved by using
various stressed conditions. The retention time of azaciti-
dine was approximately 4.8 min. The chromatogram ob-
tained without stress conditions is presented in Figure 1
and the chromatogram after heat stressed conditions is
presented in Figure 2.

Similar chromatograms were obtained after acid or basic
degradation. A total of two peaks of degradation products
(DP) were observed under all degradation methods. These
peaks appear to be RGU (DP n°1) and RGU-CHO (DP n°2) and.
Similar retentions times have been observed in the publica-
tion of Balouzet et al. [2].

The mass balance was evaluated and is presented in
Table 2.

Chemical stability of suspensions

HPLC assay

With 100 mg azacitidine vials stored between 2 and 8 °C,
the percentages of 25 mg/mL azacitidine suspensions
reconstituted with refrigerated WFI and partially thawed
WFI, stored between 2 and 8 °C are shown in Table 3.

The percentages of 25 mg/mL azacitidine suspensions
prepared with vials stored between 2 and 8 °C, recon-
stituted with frozen/thawed WFI and stored at −20 °C for
28 days then after thawing, stored between 2 and 8 °C for
72 h are shown in Table 4.

Results obtainedwith vials stored at room temperature
are presented in Table 5.

The percentages of azacitidine suspensions prepared
with refrigerated WFI after 2 h of storage at room temper-
ature of azacitidine syringes are presented in Table 6.
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Figure 1: Chromatogram of 25 mg/mL azacitidine suspension (diluted at 100 µg/mL for HPLC analysis) and UV spectrum without stressed
conditions.

Figure 2: Chromatogram of 100 μg/mL azacitidine after heat stressed conditions (37 °C, 4 h).

Trambloy et al.: Stability of azacitidine suspensions in polypropylene syringes 5



Degradation products (DPs)

The two DPs highlighted during the validation of the
method were also observed during the stability study un-
der all conditions.

The evolution of DPs during stability studies is identical
when the vials are stored at room temperature or between 2
and 8 °C, if the reconstitution is made with refrigerated or
frozen/thawed WFI and if the syringes are stored between 2
and 8 °C. DP n°1 expects around 1.2% of the total sum of
peaks after 168 h of storage under all of these conditions. DP
n°2 expects around 12% of the total sum of peaks after 168 h
of storage under all of these conditions.

The use of vials stored at 2–8 °C, reconstituted with
frozen/thawed WFI and storage of the suspensions
at −20 °C for 28 days followed by 72 h at 2–8 °C showed a DP
n°1<0.5% of the total sum of peaks after 28 days at −20 °-
C + 72 h between 2 and 8 °C and a DP n°2 less than 12% after
28 days at −20 °C + 72 h between 2 and 8 °C.

For a storage at room temperature of syringes for up to
2 h, DP n°1 expects around 0.25% of the total sum of peaks
after 2 h at room temperature. DP n°2 expects around 12%of
the total sum of peaks after 2 h at room temperature.

Physical stability of solutions

Under the different analytical conditions, the 25 mg/mL
azacitidine suspensions were cloudy and homogeneous
without agglomerates after reconstitution with refrigerated
WFI or frozen/thawedWFI. After storage at 2–8 °C or −20 °C,
stirring is necessary to homogenize the suspension.

Additional studies

The impact of using a ChemoClave® vented vial spike

The results obtained by HPLC showed a decrease of only
1.47% in the concentration of azacitidine suspensions

Table : Mass balance of azacitidine suspension after various stressed degradation (expressed as peak areas).

Peaks (n°) Retention
times, min

Relative retention Without stressed degradation Area

Acid degradation Alkaline degradation Heat degradation
HCl . M,  min NaOH . M,  s  °C,  h

Azacitidine . . ,, ,, ,, ,,
 . . , , , ,
 . . , ,, ,, ,,

Total mass balance ,, ,, ,, ,,
% Degradation .% .% .%

Table : Chemical stability of azacitidine suspensions, prepared with azacitidine vials stored between – °C and  mg/mL azacitidine
syringes stored between – °C.

Batch number Initial concentration,
mg/mL

% of Initial Concentration (Mean ± RSDa)

T  h  h  h  h  h

Refrigerated WFIb

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

Frozen/thawed WFI

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

Drug concentrations in samples taken at time zero were designated as % (n=). Samples were prepared in duplicate for each syringe. aRSD,
relative standard deviation; bWFI, water for injection.
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when using a Spike system compared to using a needle.
The comparison of the volumes withdrawn after reconsti-
tution are similar when using a Spike system and a needle.

Measurements of the temperatures of refrigerated WFI
and frozen/thawed WFI

Measurements of the temperatures of refrigerated WFI and
frozen/thawed WFI are presented in Figure 3. The frozen/
thawed WFI kept at a temperature lower than 10 °C for
90 min against less than 30 min with refrigerated WFI.

Discussion

Reversed phase HPLC

Azacitidine suspensions were analysed by a stability
indicating reversed phase high-performance liquid chro-
matography, a method adapted from the method of Duriez
et al. [6]. Regarding the mobile phase, 1% acetonitrile was
added, which led to a reduction in the analysis time. The
maximum of absorption of acetonitrile was obtained at
200 nm, a modification of the wavelength for analysis to
240 nm was realised. The stability indicating capacity of
this method has been proved with forced degradation of
azacitidine suspensions in extreme conditions (acidic,
basic and heat conditions). The percentages of degradation
obtained compared to the initial concentration were close
to 20% in accordance with the recommendations of Bardin
et al. [13]. The different stress conditions tested allowed
good separation and detection of the degradation products
of the azacitidine peak. In stressed conditions, the sums of
the peaks areas are different than the sum obtained
without stressed conditions indicating a higher coefficient
of absorption of DPs.

Chemical stability of suspensions

Vials stored between 2–8 °C

25 mg/mL azacitidine suspensions stored between 2 and
8 °C, prepared with refrigerated WFI or frozen/thawedWFI
retained more than 90% of the initial concentration for
96 h.

25 mg/mL azacitidine suspensions, prepared with
frozen/thawedWFI, stored at−20 °C for 28 days followedby
72 h between 2 and 8 °C after thawing retained more than
90% of the initial concentration for 96 h.Ta
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Vials stored at room temperature

25 mg/mL azacitidine suspensions stored between 2 and
8 °C, prepared with refrigerated WFI or frozen/thawedWFI

retained more than 90% of the initial concentration for
96 h. After 24 h between 2 and 8 °C, 25 mg/mL azacitidine
suspensions retained more than 90% of the initial con-
centration for 2 h at room temperature.

Table : Chemical stability of azacitidine suspensions, preparedwith azacitidine vials stored at room temperature and mg/mL azacitidine
syringes stored between  and  °C.

Batch number Initial concentration,
mg/mL

% of Initial concentration (mean ± RSDa)

T  h  h  h  h  h

Refrigerated WFIb

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

Frozen/thawed WFI

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

 . .% ± .% .% ± .% .% ± .% .% ± .% .% ± .% .% ± .%
.% ± .% .% ± .% .% ± .% .% ± .% .% ± .%

Drug concentrations in samples taken at time zero were designated as % (n=). Samples were prepared in duplicate for each syringe. aRSD,
relative standard deviation; bWFI, water for injection.

Table : Chemical stability of azacitidine suspensions, preparedwith azacitidine vials stored at room temperature and mg/mL azacitidine
syringes stored for  h between  and  °C and then at room temperature.

Batch number Initial concentration, mg/mL % of Initial concentration (mean ± RSDa)

T  h, – °C  h, – °C +  h, – °C

Refrigerated WFIb

 . .% .% ± .% .% ± .%
± .% .% ± .% .% ± .%

 . .% .% ± .% .% ± .%
± .% .% ± .% .% ± .%

Drug concentrations in samples taken at time zero were designated as % (n=). Samples were prepared in duplicate for each syringe. aRSD,
relative standard deviation; bWFI, water for injection.

Figure 3: Evolution of temperatures of
refrigerated WFI and frozen/thawed WFI.
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In view of the results, when the vials were stored at
room temperature, and the reconstitution was performed
by using refrigerated WFI, the azacitidine suspensions
retain around 94% of the initial concentration at T96h.
After 24 h at 2–8 °C, the suspensions retain nearly 99% of
the initial concentration and at T24h 2–8 °C + 2 h at room
temperature, the suspension retains at least 97% of the
initial concentration. Storage for 2 h at room temperature
results in a loss of about 2%. We can therefore extrapolate
that the stability of azacitidine suspensions, produced
from vials stored at room temperature, reconstituted from
refrigeratedWFI, is 4 days at 2–8 °C, followed by 2 h at room
temperature. This stability data makes it possible to limit
wastage and to respond, in daily practice, if an azacitidine
syringe is taken out of the refrigerator and left for 2 h at
room temperature before administration.

When the syringes are stored at 2–8 °C, the use of vials
stored at 2–8 °C and reconstitutionwith frozen/thawedWFI
does not improve the stability compared to the manufac-
turer recommendations with a storage of the vials at room
temperature and the use of refrigerated WFI. Under these
conditions, azacitidine suspensions at 25 mg/mL are stable
for up to 4 days, but unstable after 7 days stored between 2
and 8 °C.

Storage at −20 °C

25 mg/mL azacitidine suspensions, prepared with frozen/
thawed WFI and stored 28 days at −20 °C retained more
than 90%of the initial concentration. After thawing 30min
at room temperature, 25 mg/mL azacitidine suspensions
retainedmore than 90%of the initial concentration for 72 h
between 2 and 8 °C. These stability data allow advance
preparation at standard doses, thus reducing the waiting
time for patients.

The use of frozen/thawed WFI did not improve the
stability of the azacitidine suspensions despite the cooler
temperature for a longer period compared to refrigerated
WFI. Its interest is to allow reconstitution of a larger number
of vials with WFI keeping a cold temperature longer.

Additional studies

The use of a Spike device has been demonstrated to
reconstitute and to collect the azacitidine suspension. This
systemhad no impact on the volume collected compared to
the use of a needle and did not lead to a decrease in the
concentration of the suspension collected. The use of this
device allows to shorten the preparation time of azacitidine
syringes and to secure the reconstitution of vials.

Conclusions

Azacitidine 25 mg/mL suspensions reconstituted with
refrigerated WFI were chemically stable for 4 days when
stored at 2–8 °C whatever the storage of vials used for the
manufacturing (refrigerator or room temperature), and 2 h
at room temperature. A storage of azacitidine suspensions
prepared with frozen/thawed WFI at −20 °C of the syringes
has been validated for up to 28 days, leading to the possi-
bility to prepare in advance. The use of frozen WFI does
not significantly improve the stability of the azaciti-
dine suspension. A Spike device can be used to recon-
stitute and collect azacitidine. This study did not
evaluate the microbiological stability of stored azaci-
tidine preparations.

Research funding: None declared.
Author contributions: All authors have accepted responsibility
for the entire content of this manuscript and approved its
submission.
Competing interests: Authors state no conflict of interest.

References

1. Azacitidine Mylan 25 mg/mL powder for suspension for injection.
In: Summary of product characteristics (SmPC). Mylan/Viatris;
2021 [Internet]. Available from: https://www.medicines.org.uk/
emc/product/12027/smpc.

2. Balouzet C, Chanat C, Jobard M, Brandely-Piat ML, Chast F.
Stability of 25mg/mL 5-azacitidine suspension kept in fridge after
freezing. Pharm Technol Hosp Pharm 2017;2:11–6.

3. Cheung YW, Vishnuvajjala BR, Morris NL, Flora KP. Stability of
azacitidine in infusion fluids. Am J Hosp Pharm 1984;41:1156–9.

4. Chan KK, Giannini DD, Staroscik JA, Sadee W. 5-Azacytidine
hydrolysis kinetics measured by high-pressure liquid
chromatography and 13C-NMR spectroscopy. J Pharmacol Sci
1979;68:807–12.

5. Vidaza 25 mg/mL powder for suspension for injection. In:
Summary of product characteristics (SmPC). BRISTOL-Myers;
2021 [Internet]. Available from: https://www.medicines.org.uk/
emc/product/6468.

6. Duriez A, Vigneron JH, Zenier HA, May I, Demoré BM. Stability of
azacitidine suspensions. Ann Pharmacother 2011;4:546.

7. Walker SE, Charbonneau LF, LawS, Earle C. Stability of azacitidine
in sterile water for injection. Can J Hosp Pharm 2012;65:352–9.

8. Legeron R, Xuereb F, Djabarouti S, Saux MC, Breilh D. Chemical
stability of azacitidine suspensions for injection after cold-chain
reconstitution of powder and storage. Am J Health Syst Pharm
2013;70:2137–42.

9. Vieillard V, Appudurai O, Voytenko S, Astier A, Paul M. Stabilité
physico-chimique de la suspension d’azacitidine (25 mg/mL)
conservée à 4°C. France: SFPO Congress Mandelieu; 2011.
Available from: https://www.stabilis.org/
InfostabPublicationPdf/380.pdf?1640941725.

Trambloy et al.: Stability of azacitidine suspensions in polypropylene syringes 9

https://www.medicines.org.uk/emc/product/12027/smpc
https://www.medicines.org.uk/emc/product/12027/smpc
https://www.medicines.org.uk/emc/product/6468
https://www.medicines.org.uk/emc/product/6468
https://www.stabilis.org/InfostabPublicationPdf/380.pdf?1640941725
https://www.stabilis.org/InfostabPublicationPdf/380.pdf?1640941725


10. Argemí A, Saurina J. Study of the degradation of 5-azacytidine as a
model of unstable drugs using a stopped-flowmethod and further
data analysis withmultivariate curve resolution. Talanta 2007;74:
176–82.

11. Savry A, Correard F, Gauthier Villano L, Pisano P, Pourroy B.
Keeping sterile water for injection cold enough for
reconstitution of azacitidine in isolators. Am J Health Syst Pharm
2014;71:180–1.

12. International Conference on Harmonisation. Validation of
analytical procedures: text and methodology Q2 (R1). Guideline;
2005. Available from: http://www.ich.org/fileadmin/Public_
Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_
R1__Guideline.pdf [Accessed Sep 2020].

13. Bardin C, Astier A, Vulto A, Sewell G, Vigneron J, Trittler R, et al.
Guidelines for the practical stability studies of anticancer drugs: a
European consensus conference. Ann Pharm Fr 2011;69:221–31.

10 Trambloy et al.: Stability of azacitidine suspensions in polypropylene syringes

http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf

	Physicochemical stability of azacitidine suspensions at 25 mg/mL in polypropylene syringes stored under different condition ...
	Introduction
	Materials and methods
	Chemicals and reagents
	HPLC assay
	Analysis conditions of the stability study
	Preparation of test solutions
	Sample dilution for analysis by RP-HPLC
	Additional studies
	Determination of physical stability

	Results
	Reversed phase HPLC
	Chemical stability of suspensions
	HPLC assay


	Degradation products (DPs)
	Physical stability of solutions
	Additional studies
	The impact of using a ChemoClave® vented vial spike
	Measurements of the temperatures of refrigerated WFI and frozen/thawed WFI


	Discussion
	Reversed phase HPLC
	Chemical stability of suspensions
	Vials stored between 2–8 °C
	Vials stored at room temperature
	Storage at ?20 °C

	Additional studies

	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


