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Abstract
Many chemotherapy drugs used in human patients are discarded after single use or within 24 h of

reconstitution, as per the manufacturer’s product label recommendations. This can be wasteful and

costly to veterinary clients. This report reviews the published stability and storage data for 19

injectable chemotherapy drugs commonly used in veterinary medicine. Based on these data, storage

procedures are presented, assuming aseptic technique and a closed system drug transfer device

(CSDTD) are used for drug preparation and handling. Further studies on the risk of microbiological

contamination of chemotherapeutics using a CSDTD, and validated high quality drug assays such as

stability-indicating high-performance liquid chromatography, are required. The authors’ intent is not

to supersede product label recommendations, but to suggest that longer storage without significant

loss of drug efficacy may be possible, thus reducing the costs of chemotherapeutics to some

veterinary clients.
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Introduction

The stability and storage of injectable chemothera-
peutics for use in veterinary patients has not been
extensively reviewed. Many chemotherapeutics
used in human patients are discarded after single
use or within 24 h of reconstitution, as per the
manufacturer’s product label recommendations.
The main reason for this is concern about microbial
contamination because the solutions usually do
not include a preservative. In veterinary medicine,
adhering to these recommendations can make
chemotherapy costly, thus limiting therapy for
many patients. In addition, single dose vials result
in significant drug wastage with small patients, and
drug shortages can limit consistent availability of
chemotherapeutics for pets.

Therefore, veterinary practitioners commonly
store chemotherapeutics for longer than the

manufacturer label recommendations. The storage
duration and temperature requirements for each
drug are based on recommendations available in
the current literature, from compounding pharma-
cies, manufacturer label recommendations and/or
personal communications with drug companies or
other veterinarians. Because there are no specific
studies, consensus or gold standard documents
addressing these requirements, decision-making
regarding chemotherapy storage is challenging and
ultimately up to the discretion of the individual
veterinarian.

Several methods are used to determine drug
stability. The strengths and weaknesses of these
analytical methods are summarized in Table S1,
Supporting Information.1–8 The ideal assay should
be validated to accurately and precisely separate,
identify, and quantify the active components of
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Table 1. Summary of storage suggestions for 19 common injectable chemotherapy agents used in veterinary patients

Chemotherapya Reconstitution Storage Expiry (days)

Actinomycin D (0.5 mg/vial) Reconstitute with 1.1 mL SW to
make 0.5 mg/mL

Refrigerated 7

Bleomycin [15 000 IU (15 mg) per vial] Reconstitute with 3 mL 0.9% NaCl
to make 5000 IU (5 mg)/mL

Refrigerated 21

Carboplatin (10 mg/mL) Does not require reconstitution Refrigerated 28

Cisplatin (1 mg/mL) Does not require reconstitution Refrigerated 28

Cyclophosphamide (500 mg/vial) Reconstitute with 25 mL 0.9% NaCl
to make 20 mg/mL

Refrigerated 28

Cytarabine (20 mg/mL) Does not require reconstitution Refrigerated (If crystals seen, reheat
and shake to dissolve particles)

28

Dacarbazine (200 mg/vial) Reconstitute with 19.7 mL SW to
make 10 mg/mL

Refrigerated (Very light sensitive;
store in darkness as soon as
possible)

7

Doxorubicin (2 mg/mL) Does not require reconstitution Refrigerated 28

Epirubicin (2 mg/mL) Does not require reconstitution Refrigerated 28

5-Fluorouracil (50 mg/mL) Does not require reconstitution Refrigerated (If crystals seen, reheat
and shake to dissolve particles)

28

Gemcitabine (200 mg/vial) Reconstitute with 5 mL of 0.9%
NaCl to make 38 mg/mL

Refrigerated (If crystals or
discoloration seen, discard)

28

Ifosfamide (2 g/vial) Reconstitute with 50 mL 0.9% NaCl
to make 40 mg/mL

Refrigerated (If crystals or
discoloration seen, discard)

14

L-Asparaginase (10 000 IU/vial) Reconstitute slowly with 2 mL
0.9% NaCl to make 5000 IU/mL

Refrigerated 14

Mechlorethamine (10 mg/vial) Reconstitute with 10 mL SW to
make 1 mg/mL

Refrigerated (Very light sensitive;
store in darkness as soon as
possible) (If crystals or
discoloration seen, discard)

28

Methotrexate (25 mg/mL) Does not require reconstitution Refrigerated 28

Mitoxantrone (2 mg/mL) Does not require reconstitution Refrigerated 14

Vinblastine (1 mg/mL) Does not require reconstitution Refrigerated 28

Vincristine (1 mg/mL) Does not require reconstitution Refrigerated 28

Vinorelbine (10 mg/mL) Does not require reconstitution Refrigerated 28

NaCl, sodium chloride; SW, sterile water.
aAll of these chemotherapy agents do not contain an antibacterial preservative and should be protected from light. Some of these
chemotherapy agents are particularly light sensitive, therefore, should return to refrigerated storage as soon as possible.

a drug, without interferences from impurities,
degradation products and excipients.1,2,6–8

There are many factors that can potentially affect
the chemical and physical stability of drugs includ-
ing concentration, container material (e.g. glass
versus plastic), use and type of membrane filters,
storage temperature, changes in temperature, ultra-
violet (UV) light exposure, type of diluent (e.g. 0.9%
sodium chloride, 5% dextrose in water), chemicals
added to and/or already in the mixture (e.g. preser-
vatives, solvent, excipients), storage time, exposure
to oxygen, humidity and pH of drug.2,5,9–12 The
potential impact of such factors on drug stability
will be mentioned where applicable for 19 injectable
chemotherapy drugs commonly used in veterinary

medicine; however an extensive discussion of each
factor is beyond the scope of this review (Table 1).

Readers are advised to read their own product
label for each drug, as storage recommendations
may vary over time and with each manufacturing
company. In addition, none of the data sources eval-
uated in this review can be applied as documenta-
tion for extended shelf lives. Readers should review
and document the extended stability data them-
selves.

Actinomycin D

A stability experiment performed on actino-
mycin D using visible absorption spectra and an
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agar-diffusion microbiological assay with Staphy-
lococcus aureus concluded that actinomycin D
reconstituted with sterile water for injection (SW)
to 0.03 mg/mL and stored refrigerated was stable
(<5% degradation) for at least 5 months.13 Actino-
mycin D in aqueous solution has been reported to
adsorb to glass and plastic with a significant loss of
the drug (although the amount of drug loss and the
timing of this adsorption was not reported).2,9,14–16

The available data justify potential alteration of
actinomycin D storage procedures following recon-
stitution using SW, aseptic technique, and a closed
system drug transfer device (CSDTD). Because of
the potential for the drug to be adsorbed to glass,
it may be prudent to limit storage of reconstituted
actinomycin D to 7 days. Furthermore, no stud-
ies have evaluated reconstitution and storage of
actinomycin D with 0.9% sodium chloride (NaCl).

Bleomycin

A radioimmunoassay stability study showed that
bleomycin (1 mg/mL) frozen at −20 ∘C in glass was
stable (>97% bleomycin) for up to 27 months, and
for up to 9.5 months when stored in plastic (because
of adsorption to plastic).17 Other studies report
6–8 weeks of stability of 1% bleomycin in 0.9%
NaCl at 4 ∘C,18 and 4 weeks for bleomycin solution
stored in glass vials at 5 ∘C.2 A cell survival bio-
logical assay reported 80–95% cell kill efficacy of
bleomycin (0.03 mg/mL in 0.9% NaCl) after storage
in glass containers for up to 3 weeks at 4, −20 and
−70 ∘C.19 Unfortunately, most of these studies did
not quantitatively describe stability (e.g. percentage
degradation or percentage of drug remaining),
and there are no existing high-performance liq-
uid chromatography (HPLC) assays for analysing
bleomycin. However, the available data justify
refrigerated bleomycin storage for up to 21 days
after reconstitution with 0.9% NaCl using aseptic
technique and a CSDTD.

Carboplatin

There is abundant stability data on carbo-
platin solutions prepared in 5% dextrose in
water (D5W) and 0.9% NaCl, however, only
stability-indicating HPLC (SIHPLC) and liquid

chromatography-electrospray ionization tan-
dem mass spectrometry (LC-ESI-MS) studies are
reported here. SIHPLC showed carboplatin in 0.9%
NaCl in polyvinyl chloride (PVC) bags at 0.5, 2
and 4 mg/mL was stable (<6% degradation) for at
least 7 days at 4 ∘C in darkness.20 Another SIHPLC
study showed carboplatin (0.70 and 2.15 mg/mL in
D5W) was stable (4% degradation) for up to 84 days
at 4 ∘C in PVC and polyolefin bags, followed by
a further 24 h under ‘in-use’ conditions at room
temperature (RT). In addition, when returned
to refrigerated storage, the solution was stable
(2% degradation) for at least another 7 days.21

Two LC-ESI-MS studies showed carboplatin solu-
tion was stable (negligible <1% loss) for at least
3 months at 4 ∘C.5,22 These studies justify refrig-
erated carboplatin storage for up to 28 days after
puncture using aseptic technique and a CSDTD.

Cisplatin

Using in vitro cytotoxic biological assays on the
native cisplatin solution (0.5 mg/mL), cisplatin
showed full cytotoxic potency after storage for at
least 1 month at RT, −4 and −20 ∘C.23 A validated
LC-ESI-MS study showed that cisplatin solution
(0.1 mg/mL in 0.9% NaCl) was stable (negligible
<1% loss) at 4 ∘C for at least 3 months.22 The avail-
able data justify refrigerated storage of cisplatin for
up to 28 days after puncture using aseptic technique
and a CSDTD.

Cyclophosphamide

One SIHPLC study24 evaluated the stability of
cyclophosphamide (1 or 20 mg/mL) in SW, 0.9%
NaCl or D5W at various temperatures (4, 20–22
and 37 ∘C), in room fluorescent light or dark-
ness, and in glass or PVC containers. The study
concluded that cyclophosphamide was stable
(<5% degradation) for up to 7 days in glass
or PVC containers at concentrations of 1 or
20 mg/mL at 4 ∘C, however, rapid degradation
occurs at 37 ∘C with the half-life at this tem-
perature reported to be approximately 7 days.
LC-ESI-MS method showed cyclophosphamide
(0.001 mg/mL in SW) was stable (negligible <1%
loss) for up to 1 month at 4 ∘C.5 Two historical
studies reported the stability of cyclophosphamide
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solution using gas chromatography25 and infrared
spectrophotometry,26 however, these studies were
not validated and are not discussed here. The
validated LC-ESI-MS study,5 support refrigerated
storage of cyclophosphamide for up to 28 days after
reconstitution in 0.9% NaCl; after puncture using
aseptic technique and a CSDTD.

Cytarabine

UV-light spectroscopy showed cytarabine
(5 mg/mL) in 0.9% NaCl or lactated Ringer’s
solution (LRS) in glass ampules was stable (>94%
cytarabine) for 7 days at RT in fluorescent light.25

Similarly, HPLC determined that cytarabine
diluted in D5W or D5W in 0.2% NaCl to con-
centrations as low as 0.08 mg/mL was stable (no
drug loss) in plastic syringes for 7 days at RT or
refrigerated.26 SIHPLC concluded that cytarabine
(25 or 1.25 mg/mL in 0.9% NaCl or D5W) in plastic
syringes was stable (no drug loss) for 28 days at 4
and 22 ∘C, and for 7 days at 35 ∘C.27 This study27

supports refrigerated cytarabine storage for up
to 28 days after puncture using aseptic technique
and a CSDTD. Furthermore, diluted cytarabine
(>0.08 mg/mL) did not show significant degrada-
tion in plastic syringes for up to 7 days.26 However,
if diluting cytarabine for continuous rate infusion
(CRI) it is unknown whether the drug will be
equally stable in plastic bags.

Dacarbazine

Based on HPLC, dacarbazine (DTIC) (between 0.08
and 0.8 mg/mL in 0.9% NaCl or D5W), protected
from light, appears to be stable. There was negligible
(<1%) drug loss after 48 h at 4 ∘C, however 5% loss
at RT, independent of the type of container material
(e.g. glass and PVC bags).10 SIHPLC showed that
DTIC (10 mg/mL) in SW stored in amber glass vials
or PVC bags was stable (>95% DTIC remaining) for
at least 24 h at RT and exposed to light; and for at
least 7 days refrigerated (2–6 ∘C) in darkness. Sta-
bility times were reduced after dilution (1 mg/mL)
in PVC bags with D5W; to 2 h in daylight, 24 h in
fluorescent light and 72 h when covered with alu-
minium foil. DTIC degradation was also greater
when infused using a transparent infusion set (6%

loss) rather than an opaque infusion set (2% loss).28

The available data suggest refrigerated DTIC is sta-
ble for up to 7 days in darkness, after reconstitution
using aseptic technique and a CSDTD. When DTIC
is given as a CRI, it may be prudent to use D5W as
the diluent (1 mg/mL DTIC), and protect the infu-
sion bag and tubing from light (e.g. aluminium foil
or opaque PVC infusion lines).

Doxorubicin

There are numerous studies on the stability of
doxorubicin in various solutions with greatly vary-
ing results2,29; only SIHPLC studies are reported
here. SIHPLC showed doxorubicin (0.1 mg/mL
in 0.9% NaCl) was stable (<10% degradation) in
PVC bags for at least 24 days at RT; and for at
least 43 days refrigerated when reconstituted with
SW, 0.9% NaCl, or D5W and stored in polypropy-
lene syringes.30 Another SIHPLC study showed
doxorubicin (2 mg/mL in SW) was stable (4%
degradation) for up to 6 months when stored
refrigerated.31 These studies support refrigerated
doxorubicin storage for up to 28 days after puncture
using aseptic technique and a CSDTD.

Epirubicin

SIHPLC showed epirubicin (2 mg/mL in 0.9%
NaCl) was stable (<8% degradation) when stored
in both darkness and light, in polypropylene
syringes for up to 6 months refrigerated and for
at least 14 days at RT.32 Another SIHPLC study
showed that epirubicin (0.1 mg/mL in 0.9% NaCl)
was stable (<10% degradation) in PVC bags for at
least 20 days at RT, and for at least 43 days refrig-
erated when reconstituted with SW, 0.9% NaCl, or
D5W and stored in polypropylene syringes.30 These
studies support refrigerated epirubicin storage for
up to 28 days after puncture using aseptic technique
and a CSDTD.

5-Fluorouracil

SIHPLC showed 5-fluorouracil (5-FU) (10 or
50 mg/mL) was stable for up to 28 days at all tem-
peratures tested (4, 22 and 35 ∘C) when stored in
0.9% NaCl or D5W solution.27 SIHPLC also mea-
sured 5-FU under mimicked multiple in-hospital
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usage, and concluded that 5-FU (8 mg/mL in 0.9%
NaCl) in PVC infusion bags was stable (<6%
degradation) after freezing and storage for 79 days
at −20 ∘C, followed by thawing in a microwave
oven to store in refrigerated storage (5 ∘C) for a
further 28 days.33 A validated LC-ESI-MS (which
reported adequate controls and repeatable stability
data), showed 5-FU (0.001 mg/mL in SW) was
stable (negligible <1% loss) for up to 1 month at
4 ∘C.5 There have been additional studies reporting
stability of 5-FU in various solutions,10,11,34,35 how-
ever the stability technique was not described or
validated; therefore those studies are not discussed
here. These studies support refrigerated 5-FU stor-
age for up to 28 days after puncture using aseptic
technique and a CSDTD.

Gemcitabine

HPLC showed gemcitabine (0.06–0.6 mg/mL in
0.9% NaCl or D5W) was stable (<3% degradation)
for at least 7 days in darkness at RT or refrigerated.10

SIHPLC showed gemcitabine at 0.1 or 10 mg/mL in
0.9% NaCl or D5W in PVC bags, or at 38 mg/mL
in 0.9% NaCl in plastic syringes, was stable (<5%
degradation) for at least 35 days at refrigerated
and RT. Occasionally, gemcitabine solutions at a
concentration of 38 mg/mL when stored refriger-
ated developed large crystals after 14 days, which
did not redissolve upon warming to RT; leading
to significant gemcitabine losses (20–35%).36 Two
other studies supported these stability findings.
LC-ESI-MS showed gemcitabine (0.001 mg/mL in
SW) was stable (negligible <1% loss) for up to
1 month refrigerated,5 and SIHPLC showed gemc-
itabine (7.5 or 25 mg/mL in 0.9% NaCl) was stable
(>95% gemcitabine) for 27 days at RT in the origi-
nal glass vial or in PVC bags.37 These studies justify
refrigerated gemcitabine storage for up to 28 days
when reconstituted with 0.9% NaCl using aseptic
technique and a CSDTD. Gemcitabine appears sta-
ble at RT, but if any crystallization or discolorations
are observed, the product should be discarded.

Ifosfamide

SIHPLC showed ifosfamide (10 mg/mL in 0.9%
NaCl), stored in PVC portable infusion-pump cas-
settes at 4 ∘C or RT was stable (<1% degradation)

for 8 days. The same study showed ifosfamide was
stable (<1% degradation) at 20, 40 or 80 mg/mL in
0.9% NaCl; or at 80 mg/mL in SW, in cassettes at
35 ∘C for 8 days.38 SIHPLC showed ifosfamide and
mesna diluted to an ifosfamide concentration of
20 mg/mL in SW in infusion-pump cassettes, was
stable for at least 14 days at 8 ∘C (<1% degradation),
and at least 7 days at 37 ∘C (<3% degradation).39

SIHPLC showed ifosfamide and mesna combina-
tion (1:1) solutions in 0.9% NaCl PVC bags (10,
20 and 30 mg/mL) was stable (<6% degradation)
for at least 14 days at RT.40 LC-ESI-MS showed
ifosfamide (0.001 mg/mL in SW) was stable (<1%
loss) for least 2 months refrigerated.5 There are
studies on the stability of ifosfamide in various
solutions that used techniques that were not
described or validated6,9,41; only validated SIHPLC
and LC-ESI-MS assays with controls and repeatable
stability data are reported here. The available data
justify refrigerated ifosfamide storage for up to
14 days when reconstituted with 0.9% NaCl using
aseptic technique and a CSDTD.

L-Asparaginase

A stability experiment performed on Escherichia
coli-derived L-asparaginase using a biological
assay and a conductometric method concluded
that L-asparaginase (>1000 IU/mL with 0.9%
NaCl or LRS) and stored at 8 ∘C in polyolefin and
polyethylene bags was stable (<8% loss in activity)
for at least 7 days.42 Erwinia carotovora-derived
L-asparaginase was found using UV absorption
to be stable in solution (no drug loss) for at least
30 days refrigerated, and for up to 5 days at RT.11,43

High concentration solutions (>2 mg/mL) of
L-asparaginase were stable (no drug loss) for 2 days
at RT but dilution to <0.001 mg/mL caused rapid
deactivation,11,29 potentially because of adsorp-
tion onto plastic vessel surfaces. Glass containers
have been shown not to adsorb L-asparaginase.9 A
modified asparagine assay (colorimetric assay) of
E. coli-derived L-asparaginase enzymatic activ-
ity, and colorimetric and fluorometric biological
assays of cell proliferation and cytotoxicity of
L-asparaginase, showed that L-asparaginase
(2000 IU/mL in SW) stored in plastic contain-
ers refrigerated for up to 14 days (J. Wypij, personal
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communication, July 21, 2016) retained enzymatic
activity (<10% loss), and antineoplastic activity
(>90% asparagine depletion) in two feline and two
canine lymphoma cell lines in vitro.44 These stud-
ies support refrigerated storage of E. coli-derived
L-asparaginase, reconstituted with 0.9% NaCl using
aseptic technique and a CSDTD, in glass or plastic
containers for up to 14 days.

Mechlorethamine

Under some conditions, mechlorethamine solu-
tion may be unstable and subject to significant
spontaneous decomposition,15,45 undergoing rapid
hydrolysis in aqueous solution especially at basic
pH, and with increased humidity.46 There are
two published studies assessing the storage and
stability of mechlorethamine in solution. The
first study used a standard colorimetric assay,
although the details of this assay were not reported.
Mechlorethamine (0.2 mg/mL in SW) was stored
refrigerated, resulting in approximately 10% drug
degradation by 8 months. However, solutions kept
at RT lost approximately 50% of their activity in
1–2 months.47 HPLC showed minimal (<1%)
degradation of mechlorethamine (1 mg/mL in
SW) over 35 days in darkness, but less concen-
trated solutions showed more rapid degradation
(20% degradation over 35 days at 1% concentra-
tion, and 80% degradation in 20 days at 0.02%
concentration).46 The HPLC study46 justifies refrig-
erated mechlorethamine storage for up to 28 days in
darkness, after reconstituted with SW to 1 mg/mL
using aseptic technique and a CSDTD. Because
exposure to mechlorethamine may occur through
inhalation and dermal contact, causing severe tox-
icity, and because of potential for rapid hydrolysis
in aqueous solution; some oncologists prefer not to
store this drug, but rather to deactivate and dispose
of any remaining drug after use. Furthermore, no
studies have evaluated reconstitution and storage
of mechlorethamine with 0.9% NaCl.

Methotrexate

There is conflicting data on the effect of light on sta-
bility of methotrexate; UV spectroscopy25 showed
no effect of light (<1% loss), but a SIHPLC study48

showed 100% loss during storage in visible light
for one week. HPLC showed methotrexate (0.04 or
0.4 mg/mL in 0.9% NaCl or D5W) was stable (<3%
degradation) for at least 7 days in darkness at RT
or refrigerated.10 Methotrexate (0.1 mg/mL in SW)
in light at RT, showed 5% degradation after 10 days
and 11% degradation after 20 days using HPLC.
Undiluted methotrexate (25 mg/mL) in the origi-
nal vials, stored in light at RT showed negligible
(<1%) degradation for >1 month.49 These studies
support light-protected, refrigerated methotrexate
storage for up to 28 days after puncture using asep-
tic technique and a CSDTD.

Mitoxantrone

SIHPLC showed mitoxantrone (0.2 mg/mL in SW)
to be stable (<1% degradation) for up to 14 days
at either refrigerated or 37 ∘C.50 Using a cell sur-
vival biological assay, mitoxantrone (2 mg/mL) did
not lose cytotoxic efficacy following repeated
freeze–thaw cycles for at least 12 months.51

Although the biological assay results indicate that
mitoxantrone can maintain its cytotoxicity against
cancer cells in culture for up to 12 months,51

SIHPLC,50 justifies refrigerated mitoxantrone stor-
age for up to 14 days after puncture using aseptic
technique and a CSDTD.

Vinblastine

SIHPLC showed vinblastine (0.02 or 1 mg/mL in
0.9% NaCl, LRS, or D5W) was stable (<3% degra-
dation) for at least 3 weeks refrigerated and at RT
in darkness.52 HPLC showed vinblastine (1 mg/mL
in 0.9% NaCl) was stable (percentage not reported)
for up to 1 month in polypropylene syringes at RT
in darkness.53 Three other studies using SIHPLC54

or HPLC55,56 supported the findings of the above
studies; reporting stability of vinblastine in various
solutions for more than 1 month at refrigerated and
/ or RT. These studies support refrigerated vinblas-
tine storage for up to 28 days, after puncture using
aseptic technique and a CSDTD.

Vincristine

SIHPLC showed vincristine (0.02 or 1 mg/mL
in 0.9% NaCl, LRS, or D5W) was stable (<5%
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degradation) when stored for at least 3 weeks
refrigerated and at RT in darkness.52 LC-ESI-MS
showed vincristine (0.001 mg/mL in SW) was
stable (<1% degradation) for at least 2 months
refrigerated.5 There are some vincristine stability
studies where the assay and percentage degradation
were not reported.57,58 Only validated SIHPLC
and LC-ESI-MS studies that include controls and
repeatable stability data are discussed here. These
studies support refrigerated vincristine storage for
up to 28 days after puncture using aseptic technique
and a CSDTD.

Vinorelbine

SIHPLC showed vinorelbine (0.5 or 2 mg/mL
in D5W or 0.9% NaCl) in PVC bags, at RT and
exposed to constant fluorescent lighting was
stable (<6% degradation) for up to 5 days.59

HPLC showed vinorelbine (0.05 and 0.5 mg/mL
in 0.9% NaCl or D5W) in darkness, was sta-
ble (<3% degradation) for at least 7 days at RT
or refrigerated.10 Another HPLC study showed
vinorelbine (0.2 mg/mL in either D5W or 0.9%
NaCl) in PVC bags refrigerated in darkness was
stable (<3% degradation) for 7 days in D5W, how-
ever there was >10% loss of drug after 3 days
when vinorelbine was diluted in 0.9% NaCl. This
study aimed to simulate CRI of vinorelbine in a
hospital setting.60 LC-ESI-MS showed vinorel-
bine (0.001 mg/mL in SW) was stable (negligible
<1% loss) for at least 1 month refrigerated.5 The
validated LC-ESI-MS study,5 justifies refrigerated
vinorelbine for up to 28 days after puncture using
aseptic technique and a CSDTD.

Discussion

This article reviews the available literature on stabil-
ity and storage conditions for nineteen chemother-
apeutics commonly used in veterinary medicine.
While validated SIHPLC, HPLC and LC-ESI-MS
assays provide the most reliable stability informa-
tion, evaluation of controls and repeatability should
be taken into consideration when interpreting any
report. The studies reviewed here were performed
over a long period of time, and therefore have not
always used the most up-to-date assay techniques.

There were several limitations in performing
this review. The definition of drug stability var-
ied greatly between studies.2,29 In the reports
reviewed, investigators suggested the drug to be
stable when anywhere from no drug loss to <10%
drug degradation occurred by a specified time
point. A stability cut-off value of >95% of the
initial drug concentration remaining in solution
was predominantly used in this review. When
this information was lacking and publications
simply stated the drug was stable, the statement
was accepted at face value if the report was other-
wise robust such as including the use of validated
SIHPLC with adequate controls and repeatable
data.27 In addition, many studies reviewed had an
arbitrary study endpoint, rather than monitoring
the drug stability until a certain percentage of
degradation was seen. Therefore the drug storage
times reported in the literature may not be the
maximum stability time. The data that was consid-
ered most reliable in this review was from validated
SIHPLC, LC-ESI-MS and/or HPLC studies. When
these types of studies were not available for this
review, studies with adequate controls and/or
repeatability stability data were selected. Despite
these efforts, it was still difficult to directly compare
each of the reports with one another, because of
the diversity in reported stability data presented
and absence of comprehensive information in the
literature, such as: inconsistency or lack of report-
ing of controls, repeatable data, and/or validation
methods2,6,9,11,18,25,27,29,30,32,35,41,47,49,53,56–58,61;
missing information13; different assay techniques;
lack of reporting of assay techniques2,6,9,11,18,35,57,58;
various times for study endpoint; diverse defini-
tion of stability; variation in storage times for the
same drug; etc. Future studies that address these
inconsistencies would be helpful.

The authors use a CSDTD for handling all
injectable chemotherapeutics. In reporting the
stability and storage information provided in this
review, the authors made the assumption that this
system and similar ones are completely closed
and that there would be minimal to non-existent
microbial contamination when drugs have been
reconstituted or punctured with such systems
using aseptic technique. Unfortunately, there are
no long-term studies assessing the microbiological
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contamination rate with these systems specifically
for any of these chemotherapeutics. However,
there are a few short-term (<14 days) studies
of the systems themselves that show low risk of
contamination.62–65 One study62 evaluated the
ability of different protective devices for reconstitu-
tion of chemotherapy agents to prevent microbial
contamination, by inoculating the vial stoppers
with microbial contaminants and then utilizing
different mechanisms to enter the vials; then mea-
suring the contamination in the vials. The study
concluded that while a CSDTD can limit the trans-
fer of external contamination from the vial stopper
into the vial, it did not guarantee total sterility.
This study had a high challenge of inoculation
and it is likely the risk under best practice clinical
conditions is substantially lower than this. Another
study63 aimed to test the ability of a CSDTD to
prevent contamination under normal work con-
ditions (such as use of a Class II biological safety
cabinet). The study tested over 1300 CSDTDs up to
7 days and found a contamination rate of 1.8%. A
further study64 showed a similar exogenous con-
tamination rate of 1.86% after 14 days, when using
CSDTDs with 101 vials under similar conditions to
those above. Fluid and bag wall contamination was
assessed by bacterial culture and assays for endo-
toxin and ATP activity for 60 days under infrequent
(once daily) and frequent (10 times daily) use
conditions. The results suggest fluid bags can be
used for up to 30 days when punctured 10 times
daily and for up to 60 days when punctured once
daily with minimal microbial contamination.65

Based on this study, it appears likely that diluted
chemotherapeutics in fluid bags have a low risk
of microbial contamination. This is particularly
important for chemotherapeutics that are given as
a CRI, such as cytarabine. However, there are no
studies to assess the rate of contamination beyond
14 days when using a CSDTD. Although some
chemotherapeutics such as epirubicin32 could
potentially be stored for much longer than sug-
gested purely based on drug stability, a maximum
of 28 days of refrigerated storage was suggested
until further studies become available, because of
the concern about contamination and potential for
development of toxic degradation products.

Reducing waste makes the option of storing
partially used vials of prepared chemotherapeutics
attractive. However, there are still unresolved issues
including the extra-label use of drugs packaged
for single use; as well as concerns for sterility and
patient safety when using preservative-free solu-
tions intended for single use, for multiple doses in
client-owned pet animals with cancer. Appropriate
precautions should be taken to ensure sterility
when using multiple doses from the same vial.

Lastly, the biological impact of toxic degrada-
tion products that may develop in drugs over time
was not evaluated in any of the reviewed studies.
Although not proven, this is a potential safety con-
cern with storing drugs for longer periods.

In conclusion, the available data may justify
potential alteration of chemotherapy drug stor-
age procedures by veterinarians. Further studies
on the risk of microbiological contamination of
chemotherapeutics using a CSDTD, and validated
high quality drug assays such as SIHPLC, are
required to make fully informed decisions about
the length and conditions of storage. The stor-
age parameters discussed in this review are not
intended to supersede the product label recom-
mendations; but to suggest that it may be possible
to consider storing these drugs for longer periods
without significant loss of efficacy, thus reducing
the costs of chemotherapeutics for veterinary
clients.
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