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Abstract

Several clinically used anticancer drugs are
well-known as far as their pharmacologic prop-
erties are concerned, but scarcely ever the
interest towards their physico-chemical char-
acteristics in solution led to practical acknowl-
edgement in their management. Thanks to the
Units for Centralized Anticancer Drug
Handling, the importance to evaluate the con-
centration of saturation (physical stability) or
the possible transformations undergone by a
drug in solution (chemical stability) has
become the starting point for avoiding useless
wasting drugs and economic resources. By
HPLC experiments we have demonstrated that
the solutions of two drugs, docetaxel and
irinotecan, are particularly stable at different
concentrations and times of analyses in our
experimental conditions. The best mobile
phase for docetaxel was water/methanol/ace-
tonitrile in 42/32/26 volumetric ratio: for halv-
ing concentrations (0.72-0.36-0.18-0.09
mg/mL) in NaCl 0.9%, the highest value gave a
six-day and the three lower concentrations a
fourteen-day stability, when storage occurred
at room temperature and light protected.
Elution of irinotecan was possible through an
analysis in mobile phase gradient: at t0 a 20%
ammonium acetate 10 mM and 80% methanol
mixture, and after 5 min, a 80% ammonium
acetate 10 mM and 20% methanol mixture. The
physico-chemical stability was showed for five
days, for any concentration of analysis when
storage occurred at 2-8°C  and light protected.

Introduction

Novel anticancer chemotherapy is charac-

terized by a large arsenal of drugs, having very
different chemical structures and different
mechanisms of action.

Though never scientifically proved, the risk
related to handling such molecules is some-
thing much debated and represents one of the
starting points for the necessity of a right drug
management.1,2 In this perspective, the exclu-
sive handling management of chemotherapeu-
tic drugs has been attributed to the hospital
pharmacist within the Units for Centralized
Anticancer drug Handling, granting not only
the suitable competence, but also the best
quality of the final product to oncological
patients.

The quality and efficacy of anticancer drugs
infusional solutions are linked to their physi-
co-chemical stability as a function of different
experimental conditions and parameters. Drug
solutions are considered chemically and physi-
cally stable if the concentration is never under
95% of the starting value at different and
established time intervals.3 Having either an
organic or an organo-metallic chemical struc-
ture, these drugs are endowed with an inner
physical and chemical instability, in solution
above all, which is responsible of unrequested
products, deriving from the gradual degrada-
tion of the parent molecule. Sun- or artificial
light, humidity, solvents and excipients, oxy-
gen and oxidative agents, temperature and
final container materials could interact with
the drug, provoking either its cleavage or its
transformation or rearrangement in sub-
stances  displaying severe toxicity.4-7 It should
be common goal for all hospital pharmacists
involved in handling and preparing oncological
galenics to evaluate, with the help of proper
technologies and expertise, the physico-chem-
ical stability of every handled drug to the
advantage of oncological patients. These data
can directly help the pharmacist to employ
already reconstituted solutions of the drug as
multi-dose mother solutions for reasonably
longer times, to anticipate the preparation or
to destine a galenic product, prepared to a
patient who cannot receive chemotherapy any-
more, to another patient. Moreover, these
options could benefit the economy of the hos-
pital in sparing and destining economic
resources to other needs, given the very high
costs of some of commonly used antiblastic
drugs. The choice of the drugs which under-
went our analyses was carried out taking into
account economic burden for the hospital, the
frequency of prescription, and literature data
which sometimes strongly contrast with the
producer’s official data. 

The aim of present paper is to test through
inverse phase HPLC analyses in order to verify
the physico-chemical stability of docetaxel and
irinotecan, two antiblastic drugs mainly
employed in the chemotherapy of locally
advanced or metastatic breast and colon can-

cer, respectively.8-10 These drugs show quite
high economic impact, and  low stability
according to the producers’ warnings,
although these details could be not supported
by their structure. Our investigation started
from the evidence that paclitaxel displayed
chemical stability for 14 days in diluted and 27
days in mother solutions. Consequently it was
investigated if the former reported to be stable
only for 8 hours in pre-diluted and for 4 hours
in diluted solutions, could be adjusted in terms
of stability to reference drug.

Materials and Methods

All tests were performed by using the com-
mercially available Taxotere® (Sanofi Aventis)
and Campto®  (Pfizer) formulation injection
concentrates, by means of inverse phase HPLC
analyses (9010 Varian instrument, endowed
with a C18 column (250×4.6 mm; 5 µm) as sta-
tionary phase and UV detector). The stability of
the docetaxel premix solution was also tested by
ESI+/MS analysis. Determinations were per-
formed with an Agilent 1100 Series LCMSD trap
System VL workstation (HP6890-5973 MSD
mass spectrometer). Each vial of Taxotere 80
mg was reconstituted with a 13% hydroalcoholic
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solution, supplied as diluting medium by the
producer, to obtain a 10 mg/mL premix solution.
The need of such a diluting agent is linked to
the peculiar formulation of Taxotere injection
concentrate with tween 80; it works as an emul-
sifying agent for a very lipophilic molecule, doc-
etaxel, which is destined to intravenous admin-
istration in 0.9% sodium chloride aqueous solu-
tion. The premix solutions were diluted with
saline solution to the most commonly pre-
scribed concentrations and submitted to analy-
sis in different experimental conditions of light
and temperature. The mobile phase for the
analysis was water/methanol/acetonitrile in
42/32/26 volumetric ratio with a 1 mL/min flow.
The UV detector was set at �232 nm, because
docetaxel (but not tween 80) absorbs this wave-
lenghted-light. After elaborating a calibration
curve reporting peak areas versus standard con-
centrations of drug for a 10 µL fixed volume of
tested solution, it was possible to evaluate the
variations in drug concentration, by admitting a
10% error deriving from successive dilutions.
The premix solutions of Campto (20 mg/mL)
could be tested without prior reconstitution,
simply after dilution in saline medium and sub-
mitted to the same starting procedures of
Taxotere. Elution of the molecule was possible
through an analysis in mobile phase gradient:
at t0 a 20% ammonium acetate 10 mM and 80%
methanol mobile phase was used, then at t = 5
min, a 80% ammonium acetate 10 mM and 20%
methanol substituted the former. The fixed flow
was 0.35 mL/min and the UV detector was set at
380 nm. The analyses were performed to test
the stability of both the diluted solutions for
administration, and the mother solutions of the
two drugs, in order to understand if open vials,
stored at controlled conditions, can be spared
for the preparations in the following days.

Sample preparation
In the case of docetaxel, the 10 mg/mL pre-

mix solution was stored air- and light protect-
ed at different conditions of temperature
(25°C and 2-8°C), before further dilution with
0.9% sodium chloride medium to halving con-
centrations (0.72-0.36-0.18-0.09 mg/mL) in
polyethylene containers. These samples (10
µL) were then examined via HPLC analyses for
reasonably long time intervals, or until the
chromatographic peak area was changed with
respect to its starting value. The same analyti-
cal procedures were used for both irinotecan
mother solution at 20 mg/mL concentration
and its diluted solutions (0.804-0.402-0.201
mg/mL) in 0.9% NaCl polyethylene containers
when storage occurred at 4°C and protected
from light. 

Each sample has been prepared and tested
three times.

Results and Discussion

Docetaxel solutions
The linearity of the method was validated

through the elaboration of a standard curve,
reporting chromatographic peak areas as a
function of standard concentrations of the
drug in the clinically useful range of 0.09-0.72
mg/mL. The curve, deriving from a quadruple
collecting data and repeated three times for
each series of analysis, presents a medium
weighted r2=0.999838, confirming an accurate
analysis.

The premix solution, stored in its original
vial at room temperature or under refrigera-
tion, air and light protected or not, and extem-
porary diluted for each analysis, was physically
and chemically stable for 4 weeks at least.
There is neither colour changing nor precipita-
tion processes, nor reduction of the peak area
during the whole analysis, so that the drug
concentration in solution always remains near
100% of the starting value. The chromato-
graphic profile with a retention time of ca. 4.3
minutes is reported in Figure 1A. In spite of
the independence of stability from tempera-

ture, it is convenient to store the vial of premix
docetaxel concentrate at room temperature,
because refrigeration provokes an increase of
viscosity, which is responsible for a stressed
difficulty in handling the solution. The stabili-
ty of the solutions of docetaxel at the concen-
trations of administration, stored in polyethyl-
ene eppendorf was confirmed for 14 days at the
three lower concentrations (Table 1).

The accuracy of measurements is supported
both by the halving peak areas as a function of
halving concentration values, and by the rea-
sonably constant value of peak area within the
same concentration at different times of analy-
sis. The range of variations respects a medium
error of measure within 10%, evidently due to
the experimental error rising from successive
dilutions.

In the case of the highest concentration
(0.72 mg/mL) after seven days of storage, pre-
cipitation processes occurred (Table 2). Little
uncoloured needles adhere to the container, in
the same time the chromatographic peak area
reduces under 90% of its starting value. A mas-
sive precipitation of the drug occurs in the fol-
lowing days and it is certain that low tempera-
tures accelerates the first solid nucleus forma-
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Table 1. Chromatographic analysis for halving concentrations of docetaxel.

Premix sol. Dilution Final concentration Time from dilution Peak area

Day 0 Day 2 0.72 mg/mL 0 16,000
Day 0 Day 2 0.36 mg/mL 0 8254
Day 0 Day 2 0.18 mg/mL 0 4258
Day 0 Day 2 0.09 mg/mL 0 2121
Day 0 Day 2 0.72 mg/mL 1 d 15,900
Day 0 Day 2 0.36 mg/mL 1 d 8097
Day 0 Day 2 0.18 mg/mL 1 d 4161
Day 0 Day 2 0.09 mg/mL 1 d 2088
Day 0 Day 2 0.72 mg/mL 7 d* 14,310
Day 0 Day 2 0.36 mg/mL 7 d 8541
Day 0 Day 2 0.18 mg/mL 7 d 4318
Day 0 Day 2 0.09 mg/mL 7 d 2159
Day 0 Day 2 0.72 mg/mL 14 d* 10,971
Day 0 Day 2 0.36 mg/mL 14 d 8546
Day 0 Day 2 0.18 mg/mL 14 d 4247
Day 0 Day 2 0.09 mg/mL 14 d 2102
*Presence of precipitate.

Table 2. Chromatographic analysis of a 0.72 mg/mL solution of docetaxel.

Premix sol. Dilution Final concentration Time from dilution Peak area

Day 0 Day 16 0.72 mg/mL 0 13,500
Day 0 Day 16 0.72 mg/mL 1 d 13,600
Day 0 Day 16 0.72 mg/mL 5 d 13,400
Day 0 Day 16 0.72 mg/mL 6 d 12,400
Day 0 Day 16 0.72 mg/mL 7 d* 6035
*Presence of precipitate.
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tion. The value of the peak area at the sixth
day from dilution shifts from the 5% boundary
to ca. 8%, which could be considered not par-
ticularly significant if the following sample
after 24 hours didn’t get a halved peak area
value, accompanied by the precipitation
process. It is likely that the precipitate consists
in pure docetaxel, as no other parameters dif-
fer from the other analytical concentrations,
but there is still no scientific evidences about
it. The stability of the 10 mg/mL docetaxel pre-
mix solution was also tested by ESI+/MS analy-
sis. Determinations were performed with an
Agilent 1100 Series LCMSD trap System VL
workstation (HP6890-5973 MSD mass spec-
trometer)  within a period of three days. The
spectra registered in the daily experiments
showed significant m/z peaks for the parent
molecule, having comparable percentages of
relative intensity. To support our findings,
recent studies11,12 reported a much higher sta-
bility, for docetaxel solutions at any concentra-
tion value in similar experimental conditions
(till 28 days). 

Irinotecan solutions
The linearity of the method was validated

through the elaboration of a standard curve,
reporting chromatographic peak areas as a
function of standard concentrations of the
drug in the useful range of  0.804-0.201
mg/mL. The curve presents a medium weight-
ed r2=0.9998. The analyzed solutions (0.804-
0.402-0.201 mg/mL), stored at 4°C and light
protected, were chemically and physically sta-
ble for at least 5 days. This result is in contrast
with the producer’s warnings according to
which all drug solutions at any concentration
are stable till 24 hours after dilution when
stored at 4°C. The chromatographic profile
with a retention time of ca. 3 minutes is
reported in Figure 1B. Variations of the peak
areas with respect to its starting value
occurred in the error range of 10%, which rep-
resents the experimental error consequent to
successive dilutions of little quantities of drug
in little volumes of solution (Table 3).

In conclusion, the physico-chemical stability
of irinotecan solutions in our experimental
conditions are much higher than the data offi-
cially reported by the producer. Longer times of
analysis, useless to our intents, demonstrated
a low tendency of the molecule to degradation.
After 14 days, for any concentration of the drug
solution, the peak area underwent a ca. 22%
reduction, even if no empirical evidence (pre-
cipitate or colour variation) let us understand
which chemical transformation may occur.
Our results confirmed analogous studies on
analogous molecules reported in literature,13

in which camptothecins showed a long chemi-
cal stability above all thanks to the lack of reac-
tive chemical groups that can cause intramole-
cular or intermolecular rearrangements. 

Economic perspectives
Much longer times for the storage of anti-

cancer drug vials after extemporary drawings,
translate into concrete perspectives in favour
of the hospital economy.

In order to get an idea of the possible eco-

nomic earning deriving from re-utilizing drug
mother solutions after the deadline suggested
by producers, a simple comparison was made
between real and hypothetic consumptions of
Taxotere vials within a tree-month period, by
considering oncologists’ prescriptions in their
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Figure 1. A) Chromatographic peak of docetaxel in solution. Inverse phase HPLC analy-
sis. mobile phase: water/methanol/acetonitrile in 42/32/26 volumetric ratio; flow: 1
mL/min; λ=232 nm; Volume of analysis: 10 µL. B) Chromatographic peak of irinotecan
in solution. Inverse phase HPLC analysis. Mobile phase gradient: t0 20% ammonium
acetate 10 mM and 80% methanol; t=5 min, 80% ammonium acetate 10 mM and 20%
methanol; flow: 0.35 mL/min; λ=380 nm; Volume of analysis: 10 µL.

Table 3. Chromatographic analysis of halving concentration solutions of irinotecan.

Final concentration Time from dilution Peak area

0.805 mg/mL 0 31,561
0.402 mg/mL 0 16,354
0.201 mg/mL 0 8851
0.805 mg/mL 1 d 30,439
0.402 mg/mL 1 d 16,349
0.201 mg/mL 1 d n.a.
0.805 mg/mL 2 d 29,832
0.402 mg/mL 2 d 15,942
0.201 mg/mL 2 d 8025
0.805 mg/mL 5 d 29,536
0.402 mg/mL 5 d 14,552
0.201 mg/mL 5 d 8157
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order of arriving at the pharmacy and admit-
ting to store the vial of residual drug for the
following working day in appropriate condi-
tions. Within each month and day by day,  the
number of really consumed Taxotere vials, as
collected in the management software of phar-
macy, was compared to the hypothetical num-
ber of consumable vials, calculated on the base
of daily prescribed doses and of sold off vials at
the end of the about 20 monthly working days.
Moreover, as Taxotere is commercially avail-
able in 20 mg and 80 mg vials, we have admit-
ted that 80 mg vials were more frequently used
also for lower doses, because it is more con-
venient, in terms of safety during work and in
terms of reconstitution medical devices costs,
to handle one 80 mg vial rather than three 20
mg vials to collect, for instance, a 60 mg dose.   

The difference between the real and the
hypothetical number of Taxotere vials gives a
monthly gain of about 21 Taxotere 80 mg vials,
that correspond to about 15% of  plus usable
drug. It is quite surprising that a mean quanti-
ty of one 80 mg drug vial a day can be spared.
This result springs from both the high fre-
quency of docetaxel prescriptions and its wide
range of doses (30-100 mg/m2), so that a resid-
ual drug vial is consumed within 24 hours at
most and the frequent low doses can be easily
recovered. As far as diluted solutions for
administration are concerned, the possibility
to anticipate galenic preparations could be
translated into a minor economic burden for
the hospital, thanks to the spared remunera-
tion for pharmacists and operators out of their
regular working time.

The gain in number of spared vials is even
much higher if we consider that the single
Unit for Centralized Anticancer Drug Handling
is substituting a variable number of centres of
preparation within a single hospital, each of
which was likely to sell off the last drug vial of
the working day.

On the basis of this data collection, the sci-
entific impact of our experimental results

could be closely linked to a concrete economic
advantage for the hospital and to a better dis-
tribution of resources.

Conclusions
During the last five years, the shift from dif-

ferent centres of preparation within the same
hospital to a single Unit for Centralized
Anticancer Drug Handling gave rise to a sys-
tem of quality and risk reduction, which con-
signs in the pharmacists’ hands the responsi-
bility mainly for the safety and quality of the
patients’ intravenous therapy, but also for the
best management of the economic resources
destined to drug purchase.

The experimental analyses via HPLC Inverse
phase method on docetaxel and irino tecan pre-
diluted and diluted solutions deserve a particular
attention for different points of view.

In more general terms, HPLC analyses could
be carried out, employing validate protocols, i)
to restore drug fractions; ii) to collect a specif-
ic database in terms of time-dependently sta-
bility of each drug; iii) to perform before
beginning pharmacological therapy, a random
quality control on packaging of drug. 
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