Temozolomide Stability in Extemporaneously
Compounded Oral Suspensions

Abstract

Temozolomide, commercially available in capsules, is an
oral alkylating agent used to treat brain tumors. The purpose
of this study was to determine the pharmaceutical acceptabil-
ity and chemical stability of temozolomide in two extempora-
neously compounded suspension formulations prepared from
the capsules. The temozolomide oral suspensions were prepared
from 100-mg commercial capsules yielding a nominal temo-
zolomide concentration of 10 mg/mL. The suspension vehicles
selected for testing were an equal parts mixture of Ora-Plus and
Ora-Sweet and an equal parts mixture of Ora-Plus and Ora-
Sweet SF. The suspensions were packaged in amber plastic
screw-cap prescription bottles, which were stored at 23°C for
21 days or 4°C for 60 days.

Stability-indicating high-performance liquid chromato-
graphic analysis revealed that the temozolomide concentration
in both suspension vehicle combinations exhibited little or no
loss for 60 days at 4°C. At 23°C, temozolomide losses were
somewhat greater. In the Ora-Sweet formulation, the loss was
6% at 7 days; in the Ora-Sweet SF formulation, losses were
about 8% at 14 days and 10% to 11% at 21 days.

Temozolomide extemporaneously prepared as oral suspen-
sions from capsules in equal parts mixtures of Ora-Plus suspen-
sion vehicle with Ora-Sweet and with Ora-Sweet SF syrups
with added povidone k-30 and acidified with citric acid were
pharmaceutically acceptable and chemically stable for at least
60 days at 4°C. Refrigerated storage is recommended. The sus-
pensions should not be stored at room temperature longer than
1 week if Ora-Sweet is used or longer than 2 weeks if Ora-
Sweet SF is used.

Introduction

Temozolomide, an analog of dacarbazine, received US Food and
Drug Administration (FDA) approval in 1999 for the treatment of
refractory anaplastic astrocytoma in adult patients. This drug is a ma-
jor advance in the treatment of malignant gliomas, being only the
third drug approved for the treatment of brain tumors since the
1960s. Temozolomide is an oral prodrug that is converted rapidly
to its active form in an alkaline environment and acts as an alkylating
agent. It is completely absorbed after oral administration, and crosses
the blood-brain barrier. The drug is supplied in capsules of four dif-
ferent strengths (5 mg, 20 mg, 100 mg, and 250 mg),' and the most
common side effects reported during clinical investigations were
nausea, vomiting, headache, and fatigue; the dose-limiting toxic ef-
fect is myelosuppression."”

The activity of temozolomide in the treatment of anaplastic astro-
cytoma refractory to nitrosoureas and procarbazine and of newly
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diagnosed glioblastoma multiforme with concomitant radiotherapy
has been established in adult patients."*” Temozolomide has produced
favorable results in other tumor types, such as untreated metastatic
melanoma,®” although further studies are warranted to establish its
exact role in the treatment of these cancers. The safety and tolera-
bility of temozolomide have been determined for children with solid
tumors,” but studies on its efficacy specifically for the treatment of
pediatric brain tumors have produced conflicting results."*"" Further
studies on temozolomide’s use in pediatric malignancies are warrant-
ed, and such studies are now being conducted by the Children’s
Oncology Group.

A variety of temozolomide dosing regimens have been investigat-
ed and are employed in clinical practice today. The FDA-approved
regimen for refractory anaplastic astrocytoma is 150 mg/m?/day
orally, given once a day for 5 consecutive days per 28-day treatment
cycle. It is recommended that capsules be swallowed whole and in-
tact. It is further recommended that the capsule contents not be
inhaled or come in direct contact with skin or mucous membranes.'

Although the drug is supplied in several dosage strengths for add-
ed flexibility, many patients are required to swallow several capsules
(range, 1 to 8) to meet their daily dose.' This may be challenging for
certain patient populations, such as children or adults with swallow-
ing impairments. We investigated the feasibility of compounding
temozolomide in oral suspension formulations to provide an addi-
tional method of drug delivery for such patients. The use of an oral
suspension may allow more patients to receive temozolomide and
could reduce the potential for drug exposure to healthcare workers
and/or family members in situations where capsules are opened and
mixed with food or liquid in an effort to ease the drug’s administration.
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However, no information currently exists on the pharmaceutical ac-
ceptability, including chemical stability, of such suspensions.

The purpose of this study was to determine the pharmaceutical
acceptability and chemical stability of temozolomide in two extem-
poraneously compounded oral suspension formulations prepared
from the capsules.

Materials and Methods

Materials

Temozolomide 100-mg capsules (Lot 4-DCW-3; Schering,
Kenilworth, New Jersey) were obtained commercially. Ora-Plus
suspension vehicle (Lot 2497086; Paddock Laboratories, Inc.,
Minneapolis, Minnesota), Ora-Sweet sucrose-based syrup (Lot
4191096; Paddock Laboratories, Inc.), Ora-Sweet SF sucrose-free
syrup (Lot 4211218; Paddock Laboratories, Inc.), povidone K-30
(Lot SD0437; Spectrum Chemical Manufacturing Corporation,
Gardena, California), and citric acid anhydrous (Lot 915067; Fisher
Chemical, Fairlawn, New Jersey) were also obtained commercially.
Mobile phase components were all suitable for use in high-per-
formance liquid chromatographic analysis (HPLC), as was the water
(Milli-Q Plus; Millipore Corporation, Bedford, Massachusetts),
which was prepared immediately before use.

Preparation and Storage of Suspensions

Temozolomide is an oral prodrug that is hydrolyzed iz vivo to
the alkylating antineoplastic agent 5-(3-methyltriazen-1-yl)imida-
zole-4-carboxamide.' Hydrolysis proceeds rapidly at neutral and
alkaline pH, but the drug is more stable at acidic pH values of less
than 5."' Thus the oral suspension formulations investigated for this
study incorporated a small amount of citric acid. Moreover, povi-
done K-30 was incorporated to delay or prevent the formation of
crystals that had been observed in preliminary attempts to prepare
acceptable oral suspensions of this drug.

Two temozolomide 10-mg/mL suspensions were evaluated. The
suspensions were prepared from temozolomide capsule contents,
povidone K-30, and Anhydrous Citric Acid USP, using two differ-
ent vehicles: an equal parts mixture of Ora-Plus and Ora-Sweet,
and an equal parts mixture of Ora-Plus and Ora-Sweet SF. The
compounding procedure is provided in the accompanying box. The
finished suspensions were found to have a pH near 4. A total of 180
mL of each suspension was prepared and divided into 30-mL por-
tions packaged in 60-mL amber polyethylene terephthalate screw
cap bottles (Owens-Brockway Prescription Products, Berlin, Ohio).
Three bottles of each formulation were stored at 23°C for 21 days
and another three bottles were stored at 4°C for 60 days. The sus-
pensions were evaluated for pharmaceutical acceptability initially
and after storage periods of 1, 7, 14, and 21 days at both tempera-
tures, and 30, 45, and 60 days for the refrigerated samples.

Inspection of Suspensions

At each of the evaluation time points, each of the undisturbed
sample suspensions were visually inspected for layering and signs of
caking. The sample bottles were shaken for about 10 seconds, and
the suspensions were reexamined for ease of resuspension, evidence
of caking, pourability, and lack of uniformity, including crystal for-
mation. Samples were removed from the amber bottles and exam-
ined for color changes.

Temozolomide 10-mg/mL Oral Suspensions
LRy

For 100 mL
Temozolomide

(from 10 Temodar 100-mg capsules) 1,000 mg
Povidone K-30 500 mg
Anhydrous citric acid 25 mg
Purified water 1.5 mL
Ora-Plus 50 mL
Ora-Sweet or Ora-Sweet SF qs 100 mL

METHOD OF PREPARATION

Note: It is necessary to wear suitable protective garb and to perform
this procedure in a fume hood.

1. Empty the contents of 10 temozolomide 100-mg capsules
in a glass mortar of sufficient size.

2. Weigh 500 mg of povidone K-30 powder and add to the
mortar.

3. Triturate to assure thorough mixing and that the mixture is
reduced to a fine powder.

4. Dissolve 25 mg of anhydrous citric acid in 1.5 mL of puri-
fied water.

5. Add the mixture of anhydrous citric acid and purified water
to the mortar to wet the powder.

6. Mix thoroughly to form a uniform paste.

7. Add a small amount of Ora-Plus suspension vehicle to the
triturated paste with thorough mixing to ensure a uniform
mixture.

8. Add the balance of the Ora-Plus suspension vehicle with
thorough mixing to ensure a uniform mixture.

9. Transfer the resulting mixture to a glass graduated cylinder.

10.Rinse the mortar and pestle with small aliquots of the ap-
propriate syrup (Ora-Sweet or Ora-Sweet SF); repeat the
rinsing three additional times.

11.Add an additional quantity of the appropriate syrup vehicle
to the bottle to bring the final volume to 100 mL and shake
the resulting suspension well.

12.Package in amber plastic prescription bottles and label the
containers with “Shake Well” and “Refrigerate” and the
beyond-use date.

Sample Preparation for Chemical Analysis

The sample bottles were shaken for approximately 10 seconds.
One-milliliter aliquots were taken from each sample after resuspen-
sion at each time point. The samples were prepared for analysis by
transferring 0.5 mL of each suspension into a 15-mL glass tube with
a polypropylene screw cap. These samples were diluted with 9.5 mL
of mobile phase to yield a final volume of 10 mL. The samples were
then subjected to thorough vortex mixing for 30 seconds. The re-
sulting samples were subjected to centrifugation for 10 minutes at
1,500 x g and filtered through appropriate 0.22-pm filters (Millex-
GV, Millipore). At least 0.5 mL was allowed to pass out of the filter
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unit before the sample was collected in a vial. This solution was then
diluted fivefold with mobile phase for chromatographic analysis. The
nominal temozolomide concentration of the filtered sample was

100 pg/mL; 15 pL of this sample was injected for chromatography.

Reference Preparation

Temozolomide reference standard was unavailable from the man-
ufacturer. A reference material was prepared from the capsule con-
tents (method of preparation included with this article) and was
stored at —70°C for comparison with the samples.

Stability Analysis

A stability-indicating HPLC method developed in our laboratory
was used in this study. Temozolomide concentrations in the sample
suspensions were determined by using this stability-indicating HPLC
assay method. The analysis employed an Alliance 2690 Separation
Module chromatograph (Waters Chromatography, Milford, Massa-
chusetts) equipped with a multiple-solvent delivery pump and auto-
sampler and a Waters 2487 dual wavelength detector, which was
controlled by a personal computer running Millennium 2010 soft-
ware (Waters Chromatography). Chromatographic separation was
achieved by using a Kromasil Cg, 5 pm, 250 X 4.6 mm analytical col-
umn (Phenomenex, Torrance, California). The mobile phase con-
sisted of 88% 10 mM ammonium phosphate (pH 3.25) and 12%
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Temozolomide 0.5-mg/mL Reference Material

METHOD OF PREPARATION

1. Accurately weigh the contents of five temozolomide 100-mg
capsules placed in a tared weigh boat or weighing paper and
determine the amount of capsule powder equivalent to 12.5 mg
of temozolomide based on the nominal labeled amount.

2. Transfer the powder to a glass mortar and triturate to a fine
powder.

3. Weigh the appropriate amount of capsule powder equiva-
lent to 12.5 mg of temozolomide.

4. Transfer the powder to a 25-mL volumetric flask.

5. Add mobile phase to dissolve the drug and bring to volume
with additional mobile phase.

6. Transfer the mixture to centrifuge tubes and subject to cen-
trifugation at 1,500 x g for 10 minutes.

7. Filter the supernatant liquid through an appropriate 0.45-pm
filter into glass vials.

8. Store frozen at —70°C.

methanol and was delivered isocratically at 1 mL/min. Ultraviolet
detection was performed at a wavelength of 245 nm. Utilizing this
analytical method, the retention time for temozolomide was about
7.9 min.

The analytical method was confirmed to be stability indicating
by accelerated decomposition of intact temozolomide using heat,
0.1 N hydrochloric acid, 0.1 N sodium hydroxide, and 0.3% hydro-
gen peroxide. Substantial loss of peak area for intact temozolomide
occurred, and new decomposition product peaks formed, including
two principal peaks that eluted at about 2.7 and 4.7 minutes. The
decomposition product peaks did not interfere with the intact drug
peak. For a nominal 100-pg/mL temozolomide solution, the mean +
standard deviation precision of the assay determined from 10 repli-
cate injections was 100.0 + 0.2 pg/mL. Precision expressed as a per-
centage of the relative standard deviation was 0.2%. Calibration curves
were constructed for the concentration range of 50 to 150 pg/mL
from a linear plot of peak area versus concentration of freshly pre-
pared temozolomide reference material. The correlation coefficient
was greater than 0.9996. The intraday and interday coefficients of
variation were 1.0% and 0.5%, respectively, from the assays of the
reference material.

The initial temozolomide concentration in the suspension was de-
fined as 100%, and subsequent sample concentrations were expressed
as a percentage of the initial concentration. Chemical stability was
defined as not less than 90% of the initial temozolomide concentra-
tion remaining in the suspension.

Results and Discussion

Both the equal parts mixtures of Ora-Plus/Ora-Sweet and Ora-
Plus/Ora Sweet SF were found to be pharmaceutically acceptable ve-
hicles for the preparation of temozolomide oral suspension when
povidone K-30 and citric acid also were incorporated. The com-
pounded suspensions had a pinkish color, which was retained through-
out the study in the refrigerated suspensions. Samples stored at room
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Table 1. Stability of Temozolomide 10-mg/mL? Oral Suspensions.

% Initial Concentration Remaining®

Sample Day 1 Day 7 Day 14 Day 21 Day 30 Day 45 Day 60
Ora-Plus:Ora-Sweet (1:1)

4°C — 100.0 + 1.2 995+ 1.1 — 98.7 £ 0.6 100.8 + 1.2 99.2+14
23°C 98.3+1.4 944+1.0 86.3+2.3 79.0 + 2.1¢c — — —
Ora-Plus:0ra-Sweet SF (1:1)

4°C — 99.2+0.7 100.9 + 0.1 — 101515 101.0+0.9 100.3+1.6
23°C 97.0+0.6 95.4+09 926 +0.3 89.9+0.7 — — —

cOnly two samples tested. Mean = SD (n = 6) shown.
— = Not tested at this time point.

@Nominal concentration: Actual initial concentration after 100-fold dilution for analysis was 101.1 + 2.7 pg/mL.
bTriplicate determinations of triplicate samples except where noted. Mean + SD (n = 9) shown.

temperature darkened in color over 14 days as decomposition in-
creased, eventually developing a brownish color by 21 days. The sus-
pensions settled slowly, and the earliest visible changes appeared
in 1 week for both suspension formulations. No caking of the solids
present in the suspensions or lack of uniformity, including large crys-
tal growth, was observed throughout the study. The suspensions were
easily resuspended with inversion and gentle shaking of about 5 to
10 seconds duration even after 60 days of refrigerated storage. The
suspensions poured very easily and remained homogeneous for dos-
ing throughout the study.

The temozolomide concentration in both of these suspension ve-
hicle combinations exhibited little or no loss for 60 days under re-
frigeration. At 23°C, loss of temozolomide was 6% at 7 days in the
Ora-Sweet formulation. Losses were about 8% at 14 days and 10% to
11% at 21 days in the Ora-Sweet SF formulation. Therefore, refrig-
erated storage of the temozolomide suspensions is recommended.
The temozolomide concentrations at each of the time points tested
are presented in Table 1.

Inclusion of povidone K-30 to inhibit crystal growth within the
study period was found to be necessary to yield acceptable suspen-
sions of temozolomide. Preliminary attempts to prepare the suspen-
sions without povidone k-30 resulted in formation of crystals in the
suspensions within a few days at both storage temperatures, which
made the suspensions pharmaceutically unacceptable and could re-
sult in inaccurate dosing.

Conclusion

Temozolomide extemporaneously prepared as oral suspensions
from capsules and formulated with povidone K-30 and acidified with
Anhydrous Citric Acid USP, in equal parts mixtures of Ora-Plus sus-
pension vehicle with Ora-Sweet and with Ora-Sweet SF syrups, were
pharmaceutically acceptable and chemically stable for at least 60 days
at 4°C. Refrigerated storage is recommended. The suspension should
not be stored at room temperature longer than 1 week if Ora-Sweet
is used or longer than 2 weeks if Ora-Sweet SF is used. Having the
option of using temozolomide oral suspensions may allow patients
who are unable to swallow capsules to receive temozolomide treat-
ment and, if compounded in a suitable protected environment, could
reduce the potential for drug exposure to healthcare workers and/or
family members from opening capsules.
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