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The practical stability of anticancer drugs: 
SFPO and ESOP recommendations 

Professor Alain Astier, PharmD, PhD; Frédéric Pinguet, PharmD, PhD; Jean Vigneron, PharmD, PhD; SFPO Stability Group members

The publication of European recommendations for the storage conditions of reconstituted and diluted solutions of oncology drugs 

as they are used in practice is a major achievement. These recommendations will be referred to frequently by hospital and oncology 

pharmacists.

Introduction
It is critical for hospital pharmacists to have well-documented data 

about the real stability of an opened drug formulation, after recon-

stitution of a lyophilised product or after dilution in various vehicles. 

This is even more important for anticancer drugs, which are fre-

quently used at their maximum tolerated dose, have a tightly defined 

therapeutic range and are very toxic [1]. Unfortunately, these data are 

not always available or the published results are old, contradictory, 

limited to a particular vehicle or a specific bag. Moreover, the manu-

facturers frequently quote stability after dilution as being ‘stable for 

eight or 12 hours’, but not for valid reasons. These short times reflect 

application of the ‘care principle’ considering possible bacterial con-

tamination or the fact that stability tests were only conducted over a 

very short period. 

However, in most countries, anticancer drugs are prepared by 

the pharmacy in centralised units under strict aseptic techniques. 

Therefore, the only relevant issue is the real chemical stability, 

which should take into account the various drug concentrations, 

vehicles and containers used in clinical situations. An advantage of 

knowing true stability limits is that the centralised units can opti-

mise the workload, the opening hours and the cost balance. Doses 

prepared in advance can limit the need to work antisocial hours 

such as at the weekend. The implementation of a dose-banding 

strategy is strongly dependent on the stability data. Finally, extend-

ing the stability limits of costly drugs such as biologicals would 

be extremely helpful both for practical and financial reasons. In 

summary, hospitals pharmacists need to have available the stabil-

ity data pertinent to their needs in real life situations. This is what 

is meant by the in-use (or ‘practical’) stability of drugs. From the 

authors’ point of view, the term ‘practical stability’ should be pri-

marily chosen.

Considering the need to have consensual recommendations of in-use 

stability of anticancer drugs, the French Society of Oncology Phar-

macy (SFPO) decided to set up a working group to analyse all pub-

lished data relating their stability. This SFPO stability group was made 

up of pharmacists with strong expertise in drug stability and analytical 

chemistry and followed a strict methodology of meta-analysis (levels 

of evidence).

The SFPO stability group’s recommendations were initially 

included in the sixth edition of Anticancéreux, published in 2008 

by the Centre National Hospitalier d’Information sur le Médica-

ment, CNHIM–National Information Centre on Hospital Drugs, a 

non-profit organisation started 25 years ago by French hospital phar-

macists [2], and have now been endorsed at European level by ESOP 

during the 2010 Delegate Annual General Meeting in Hamburg, 

Germany. 

Methodology
General methodology

The group investigated thoroughly all the published physico-chemical 

stability data of parenteral anticancer drugs prepared by reconstitution 

of a lyophilised powder or dilution. Studies dealing with mixtures of 

anticancer drugs have not been considered. Non-injectable pharma-

ceutical forms were excluded.

The drugs were divided by pharmacological class, e.g. alkalyting 

drugs, anti-metabolites; or by chemical class, e.g. platinum deriva-

tives, anthracyclines; and assigned to several subgroups of two or 

three experts who evaluated the corresponding publications. Fol-

lowing the standardised methodology described later, each subgroup 

assigned an evidence level from A to D for each publication using a 

method adapted from the recommendations of the Oxford Centre for 

Evidence-based Medicine [3].

At each working session, one or more subgroups presented the 

pooled results of the evaluation for each drug and subsequently an 

initial proposal for a recommendation. These were fully discussed 

by the entire expert group. Finally, the consensual recommendation 

was established and validated by the full group. If the evaluated 

studies did not meet the quality requirements, no specific recom-

mendation was proposed and the stability data indicated by the 

manufacturer were adopted, i.e. the summary of product character-

istics (SmPC) which corresponds to the stability limits supplied in 

the marketing authorisation. A table summarising the SFPO/ESOP 

recommendations for the stability of oncology drug infusions fol-

lows this article.

If several well-designed studies suggested different stability limits for 

a particular drug, the most favourable was recommended. The rel-

evant bibliography is indicated for each drug. If several concentration 

ranges were tested in relevant studies, recommendations were made 

for each range. If the available studies were limited to a single con-

centration, the recommendations were based on this concentration. 

However, in some cases, the recommendations were extended if rel-

evant data were available (expert opinion or closely-related data such 

as several concentrations tested for a particular dilution vehicle and 

only one for another).
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Evaluation of publications

Relevant publications were searched on several databases using key-

words such as the chemical and generic name or the international 

nonproprietary name of the anticancer drug and relevant terms: 

‘stability’, ‘instability’, ‘degradation’. The Stabilis database was 

particularly helpful [4]. A critical analysis of each publication was 

then performed using, as essential criterion, the quality of the evi-

dence. A standardised evaluation sheet was filled in for each publica-

tion. The topics checked included the following:

– Well-described stability-indicating analytical methods; in general 

chromatographic methods such as HPLC, GC or capillary electro-

phoresis. The material and method section had to be sufficiently 

descriptive: column type, mobile phase, detection etc, or referenced 

to published methods. The method had to be validated according to 

the allowed recommendations [5-9].

– Well-described methodology which had to include:

• generic name (and speciality names)

• final concentration of drug

• reconstitution or vehicle dilution

• precise description of containers (type of plastic, volume, etc.)

• conditions of exposure: temperature, light

• length of stability assays

• search for degradation products

– Relevant analysis of the results

The standardised evaluation sheet also contained items related to ana-

lytical method, global quality of the study design and interpretation of 

experimental results.

The global quality of the study required that the assays undertaken 

were relevant to what we were investigating. For 

example, the number of samples per condition 

tested had to be sufficient to enable an accurate 

statistical evaluation, and the vehicles tested had to 

be types used in usual clinical practice. However, 

a limited number of replicates were accepted if the 

drug tested was very expensive or if no previous 

independent data were available.

Other potential pitfalls included poorly defined 

temperature conditions such as ‘room temperature’ 

or ‘fridge temperature’ or poor data for physical 

stability limited to colour change or visual exami-

nation. Moreover, for several products, the pub-

lished studies, even using well-validated HPLC 

methods and appropriate experimental design, were 

relatively old and had not used modern analytical 

instruments such as diode array or mass spectrom-

etry detectors. Stressed conditions were not inves-

tigated, making it difficult to reach unambiguous 

conclusions.

It was not easy to set standards for quality of the 

interpretation of the stability results and a consen-

sus decision was often required [9]. Indeed, the vast 

majority of publications analysed did not contain all 

the items we considered relevant. Moreover, the sta-

bility limit proposed by the authors was generally 

based on the time for the concentration to decline 

to 90% of the initial concentration. The relevance 

of this criterion is debatable for drugs with narrow 

therapeutic ranges; nevertheless we decided to use it 

in coming to our recommendations since it is widely 

accepted for pharmaceuticals by authorising agen-

cies and takes into account the pharmacological 

variability of clinical response.

Conditions for use of recommendations
The decision to recommend stability limits was 

taken without regard to current practices in 

Table 1: Outline of the evaluations used for publications

Criterion What was 
checked

Details of the check Method

Physical 
stability

Visual 
appearance

Precipitate
Colour changes
Visible particles

Visual examination
under optimal 
conditions

Sub-visual 
appearance

Global size
distribution

Turbidimetry
Particle count
Microscopic analysis

Chemical 
stability

Separation 
methods
(HPLC, GC, 
CE)

Validation of the method
(‘Stability indicating’)
Description of materials
Number of standards
Intra-series repeatability
Inter-series repeatability
Interfering substances

Detection UV/Vis
Diode Array
MS
Other

Degradation products Identification
Quantification

Number of repeats per 
condition tested

Non-
separating 
methods

UV
FT-IR
TLC
Immunoanalysis
Other

Other tests pH
Osmolality
Other

Conditions 
tested

Temperature
Agitation
Light
Concentration
Vehicle

Experimental 
design

Suitability 
for our
purposes

Number of batches tested
Stressed conditions
Different vehicles/containers
Different concentrations
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centralised units or the usual modalities of administration, but based 

only on the best stability data validated by the group. As an example, 

our recommended stability limit for carboplatin (0.70–2.15 mg per 

mL in dextrose conditioned in PVC or polyethylene bags) is 84 days. 

This limit is obviously higher than requested by the majority of cases 

in daily practice, since an in-use stability of seven days is usually 

enough. However, our recommendation makes it clear that carboplatin 

could be kept safely for longer periods if needed, for example for dose 

banding.

The recommendations assume that aseptic techniques are fully vali-

dated and respected in practice. If not, extemporaneous reconstitution 

and dilution should be the common rule.

Only the articles validated for establishing the recommendations are 

listed.

Monoclonal antibodies
Monoclonal antibodies were not considered in these recommenda-

tions since only a few preliminary results have been published on 

their extended stability limits [10, 11]. However, in the light of their 

very high cost, several review papers on the stability of monoclonal 

antibodies as raw material [12-14] and several preliminary results, we 

suggest some general rules.

Thermal stability

Monoclonal antibodies in solution at 4°C and 25°C seem stable for 

several days. It is possible that some currently used antibodies such 

as rituximab are stable for months. Few data are available on stability 

after freezing so freezing should be avoided.

In practice, for short-term interruption of the cold chain and exposure 

to ambient temperatures (1–2 days), antibodies in their primary con-

tainers can be considered as stable.

For partially used primary vials or diluted solutions in bags, storage 

for 2–3 days at 4°C–8°C is possible, if the sterility can be guaran-

teed and they have not been exposed to possibly harmful mechanical 

stresses such as shaking.

Physical stability

Monoclonal antibodies are, in general, sensitive to exposure to solid 

or gas hydrophobic surfaces. The consequence is aggregation. There-

fore, it is useful to minimise anything that might cause the forma-

tion of a gas/liquid interface: shaking, introduction of bubbles during 

transferring, purging or withdrawal operations with syringes. Filtra-

tion should also be avoided. Complete filling of containers without 

obvious residual head space should minimise the gas/liquid interface 

and also reduce the possibility of oxidation [11].

Chemical stability

Desamidation, which is the main cause of chemical instability for 

antibodies, strongly depends on the pH. Since antibodies are formu-

lated at their best pH, minimise pH change during dilution by using a 

neutral vehicle such as isotonic saline.
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SFPO and ESOP recommendations for the 
practical stability of anticancer drugs
These recommendations for storage conditions of anticancer drugs are the result of the deliberations of the SFPO (French Society 

for Oncology Pharmacy) stability group. The data were published in 2008 by the Centre National Hospitalier d’Information sur 

le Médicament, CNHIM–National Information Centre on Hospital Drugs. The stability group comprised Arnaud P, Astier A, 

Bellanger A, Bonan B, Breilh D, Burnel S, Daouphars M, Ferrio AL, Havard L, Helvig A, Husson MC, Pinguet F, Poisson N, 

Sarrut B, Vigneron J. These recommendations were adopted as the European standard by ESOP in 2010.

SFPO and ESOP recommendations for the practical stability of anticancer drugs

Product Container Vehicle Concentration Recommended storage conditions Reference

AMIFOSTINE (ETHYOL) Follow SmPC

BLEOMYCIN Follow SmPC

BORTEZOMIB Glass - polypropylene 
syringes

NaCl 0.9% Reconstituted: 
1 mg/mL

5 days at room temperature 1

BUSULFAN
Never freeze busulfan

Original syringes Non-diluted 
solution: 6 mg/mL

28 days at 2°C–8°C or at room 
temperature

2

Polypropylene or glass NaCl 0.9% 0.5 mg/mL 51 hours at 2°C–8°C protected from 
light

Polypropylene or glass NaCl 0.9% 0.5 mg/mL 36 hours at 13°C–15°C protected from 
light

CALCIUM FOLINATE Glass Dextrose 5% 
or NaCl 0.9%

Reconstituted: 
20 mg/mL

4 days at 4°C or 25°C protected from 
light

26

Glass or PVC Dextrose 5% 
or NaCl 0.9%

0.1–0.5 mg/mL 24 hours at 4°C or 25°C (absorption on 
PVC at low concentrations)

Glass or PVC Dextrose 5% 
or NaCl 0.9%

1–1.5 mg/mL 4 days at 4°C or 25°C in the light

CALCIUM LEVOFOLINATE Follow SmPC

CARBOPLATIN PVC - polyethylene Dextrose 5% 0.70–2.15 mg/mL 84 days at 4°C or 84 days, of which 
83 days at 4°C and 1 day at room 
temperature protected from light

3, 4, 5

Polyethylene 
- polypropylene

Dextrose 5% 3.2 mg/mL 30 days at room temperature protected 
from light

CARMUSTINE
-  never use PVC
-   preferably use protected from 

light

Glass - polyethylene Dextrose 5% 0.2 mg/mL 48 hours at 4°C, 2.5 hours in glass 
polyethylene at room temperature 
protected from light

6, 7

Polyethylene Dextrose 5% 0.1– 0.5 mg/mL 4 hours at 25°C in the light and 48 
hours at 4°C

Polyethylene Dextrose 5% 1 mg/mL 4 hours at 25°C and 24 hours at 4°C

CHLORMETHINE Follow SmPC

CISPLATIN Ethyl vinyl acetate 
- polyethylene

NaCl 0.9% 0.5–0.9 mg/mL 28 days at room temperature protected 
from light

8, 9

CLADRIBINE PVC, polyethylene NaCl 0.9% 0.016 mg/mL 30 days at 4°C and at 18°C 32

CYCLOPHOSPHAMIDE PVC Dextrose 5% 
or NaCl 0.9%

1 mg/mL 7 days at 4°C and at room temperature 
protected from light

10, 11

CYTARABINE Polypropylene syringes Dextrose 5% 10 mg/mL 14 days at room temperature in the 
light and at 4°C

12

Bags without PVC Dextrose 5% 0.1–1 mg/mL 14 days at room temperature in the 
light and at 4°C

For personal use only. Not to be reproduced without permission of the publisher (copyright@ppme.eu).
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DACARBAZINE
-  toxic products are formed
-   must be administered 

protected from light 
(bag + tubing)

Amber glass Dextrose 5% Reconstituted: 
11 mg/mL

7 days at 4°C and 4 days at room 
temperature protected from light

13

PVC Dextrose 5% 1.5 mg/mL 7 days at 4°C and 3 days at room 
temperature protected from light

PVC - polyethylene NaCl 0.9% 0.640 mg/mL 2 days at room temperature in the 
light and at 4°C

DACTINOMYCIN PVC Dextrose 5% 0.01 mg/mL 24 hours in the light and at room 
temperature

14

DAUNORUBICIN
At concentrations > 0.5 mg/mL 
daunorubicin is not sensitive to 
light for at least 7 days

PVC Dextrose 5% 
or NaCl 0.9%

0.1 mg/mL 43 days at -20°C, 4°C and 25°C 15, 16

Polypropylene WFI 2 mg/mL 43 days at 4°C

DAUNOXOME Follow SmPC

DEXRAZOXANE PVC Ringer Lactate 4 and 8 mg/mL 8 hours at 25°C in the light 17

Polyethylene Ringer Lactate 8 mg/mL 8 hours at 25°C in the light

Polyethylene Ringer Lactate 4 mg/mL 4 hours at 25°C in the light

DOCETAXEL
Avoid PVC containers

Glass Special 
solvent

Reconstituted: 10 
mg/mL

28 days at 2°C–8°C and at 25°C 18

Propylene - polyethylene NaCl 0.9% or 
dextrose 5%

0.3–0.9 mg/mL 28 days at 25°C protected from light

DOXORUBICIN (CAELYX) Follow SmPC

DOXORUBICIN (MYOCET) Follow SmPC

DOXORUBICIN
At concentrations > 0.5 mg/mL 
doxorubicin is not sensitive to 
light for at least 7 days

Polypropylene NaCl 0.9% 1–2 mg/mL 124 days at 4°C and 23°C 19

PVC Dextrose 5% 
or NaCl 0.9%

0.1 mg/mL 24 days at 25°C and 43 days at 4°C 
or -20°C

20, 21

EPIRUBICIN
At concentrations > 0.5 mg/
mL epirubicin is not sensitive to 
light for at least 7 days

Polypropylene NaCl 0.9% 1–2 mg/mL 150 days at 23°C and at 4°C 22

PVC Dextrose 5% 
or NaCl 0.9%

0.1 mg/mL 20 days at 25°C and 43 days at 4°C 
or -20°C

20, 21

ETOPOSIDE PHOSPHATE Glass WFI Reconstituted: 
10 and 20 mg/mL

31 days at 23°C and 4°C 24

PVC NaCl 0.9% or 
dextrose 5%

0.1–10 mg/mL 31 days at 23°C and at 4°C

ETOPOSIDE Polypropylene NaCl 0.9% 0.2 mg/mL 96 hours at < 25°C in the light 23

Polypropylene NaCl 0.9% 0.4 mg/mL 24 hours at < 25°C in the light

FLUOROURACIL Glass or PVC NaCl 0.9% or 
dextrose 5%

1.5 mg/mL 8 weeks at room temperature in the 
light

25

FOTEMUSTINE PVC Dextrose 5% 0.2–2 mg/mL 2 days at 4°C and 8 hours at room 
temperature protected from light

27, 28

GEMCITABINE Polypropylene syringes NaCl 0.9% Reconstituted: 
38 mg/mL

35 days at room temperature. 29

PVC NaCl 0.9% or 
Dextrose 5%

1–10 mg/mL 35 days at 4°C and 7 days 
at 23°C–32°C

IDARUBICIN Polypropylene Dextrose 5% 
or NaCl 0.9%

0.1 mg/mL 28 days at ≤ 25°C protected from light 30

IFOSFAMIDE PVC Dextrose 5% 
or NaCl 0.9%

30 mg/mL 30 days at 4°C protected from light 28

PVC Dextrose 5% 
or NaCl 0.9%

0.6–40 mg/mL 4 days at 4°C or room temperature 
protected from light

INTERLEUKIN 2 Follow SmPC

IRINOTECAN Glass Dextrose 5% 0.02 mg/mL 24 hours at room temperature 31

L-ASPARAGINASE Follow SmPC

MELPHALAN
-  never use serum glucose
-   the degradation of melphalan 

increases with the temperature

PVC NaCl 3% 0.2 mg/mL 48 hours at 4°C and 3 hours at 26°C in 
the light

33

PVC, polyethylene NaCl 0.9% 0.06 mg/mL 24 hours at 4°C and 8 hours at room 
temperature protected from light
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METHOTREXATE Polypropylene syringes NaCl 0.9% 2.5 mg/mL 7 days at room temperature and at 4°C 
protected from light

34

PVC NaCl 0.9% or 
dextrose 5%

0.225–24 mg/mL 30 days at 4°C protected from light 35

MITOGUAZONE PVC Dextrose 5% 
or NaCl 0.9%

1.3–3.3 mg/mL 14 days at 4°C and at 20°C 36

MITOMYCIN (AMETYCIN) Follow SmPC

MITOXANTRONE Glass bottle Ready-to-use 
solution

2 mg/mL 42 days at 4°C– 23°C 37

PVC NaCl 0.9% or 
Dextrose 5%

0.04–0.4 mg/mL 7 days at 4°C and at 23°C protected 
from light

38

OXALIPLATIN Polyolefin bags Dextrose 5% 0.7 mg/mL 30 days at room temperature protected 
from light

39

PACLITAXEL
-   exclude PVC containing 

DEHP
-   is less stable at increasing 

concentration or temperature 
due to increased risk of 
precipitation

Polypropylene NaCl 0.9% or 
dextrose 5%

0.3–1.2 mg/mL 4 days at 25°C and 12 days at 5°C 
protected from light

40, 41

Polyethylene NaCl 0.9% or 
dextrose 5%

0.3 mg/mL 13 days at 2°C–8°C protected from 
light

Polyethylene NaCl 0.9% or 
dextrose 5%

1.2 mg/mL 9 days at 2°C–8°C protected from light

PEMETREXED
If stored at 4°C microparticles 
might form, a 0.22 µm in-line 
filter has to be used

Polypropylene syringes NaCl 0.9% or 
dextrose 5%

25 mg/mL 2 days at room temperature and  31 
days at 4°C protected from light

42, 43

PVC bags NaCl 0.9% 5 mg/mL 28 days at 4°C protected from light

PENTOSTATIN Glass NaCl 0.9% Reconstituted:  
2 mg/mL

3 days 44

PVC NaCl 0.9% 0.002–0.02 mg/mL 48 hours at 23°C

STREPTOZOCIN Follow SmPC

THEPRUBICIN (pirarubicin) Follow SmPC

THIOTEPA PVC, polyolefin Dextrose 5% 5 mg/mL 3 days at 4°C and at room temperature 
in the light

45, 46

PVC NaCl 0.9% 0.5–3 mg/mL 2 days at 8°C and  1 day at room 
temperature in the light

TOPOTECAN PVC elastomer diffuser NaCl 0.9% or 
dextrose 5%

0.01, 0.025, 0.05 
mg/mL

28 days at 4°C and at room temperature 
protected from light

47

Polypropylene NaCl 0.9% 0.01 mg/mL 7 days at room temperature in the light

VINBLASTINE Glass WFI Reconstituted:  
1 mg/mL

21 days at 4°C protected from light 48, 49

Polypropylene NaCl 0.9% or 
dextrose 5%

0.02 mg/mL 21 days at 4°C and at 25°C protected 
from light

PVC NaCl 0.9% or 
dextrose 5%

0.1 mg/mL 7 days at 4°C protected from light

VINCRISTINE Polypropylene NaCl 0.9% or 
dextrose 5%

0.02 mg/mL 21 days at 4°C and at 25°C protected 
from light

48, 50, 51

PVC polypropylene NaCl 0.9% 0.01–0.15 mg/mL 7 days at 4°C protected from light

VINDESINE Glass WFI Reconstituted: 
1 mg/mL

21 days at 4°C protected from light 48

Polypropylene NaCl 0.9% or 
dextrose 5%

0.02 mg/mL 21 days at 4°C and at 25°C protected 
from light

VINORELBINE PVC, polyethylene NaCl 0.9% 0.385 mg/mL 7 days at 23°C 49, 52

PVC Dextrose 5% 0.5 mg/mL 7 days at 4°C

Concentration without specific comment refers to dilution in the vehicle. SPC: Summary of product characteristics.
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Disclaimer 
While the publisher, editor(s) and editorial board have taken every care with 
regard to accuracy of editorial contributions, they cannot be held responsible 
or in any way liable for any errors, omissions or inaccuracies contained therein 
or for any consequences arising there from.
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