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ABSTRACT

Aim: To evaluate the financial impact of three different preparation and conservation scenarios for cytotoxic drugs.
Method: In scenario one we discarded the residual fraction of the drug after each preparation. In scenario two we used 
the residual fraction of the vial until the end of the day. In scenario three we used the residual fraction of the vial until the 
chemical/physical expiry date.
To analyse the economic impact of the three scenarios, we looked at 3,086 preparations during July and August 2006.
Results and discussion: A major difference in cost was found between the three scenarios, namely:
Euros 872,413, Euros 807,309 and Euros 754,442 for scenarios one, two and three respectively. Savings varied between 
a minimum of Euros 52,867 (7%) and a maximum of Euros 117,971 (15%) for the observation period of two months, or 
an average of Euros 17 to Euros 38 per preparation.
Conclusion: When cytotoxic medicines are prepared under rigorous conditions, pharmacists can contribute to substan-
tial economic savings.

INTRODUCTION

The central pharmacy of Ghent University Hospital pre-
pares approximately 28,500 cytotoxic drugs per year in 
a centralised preparation unit. This unit is equipped with 
biological safety cabinets placed in a controlled work zone 
(which includes, for example, negative pressure, high 
efficiency particulate air (HEPA), filtered air and limited 
access). The unit and procedures comply with ISO 9001 
of the International Organization for Standardization, as 
part of the hospital pharmacy certification.

For the protection of the employees and the product, 
we use the closed-transfer device, PhaSeal (complying 
with the International Society of Oncology Pharmacy 
Practitioners standards definition of being airtight and 
leak-proof), during the preparation of all our cytotoxic 
drugs. In another study (Microbiological challenge of 
protective devices for the reconstitution of cytotoxic 
agents – submitted for publication in Letters in Applied 
Microbiology), we demonstrated the advantage of 
the PhaSeal system over other transfer devices by a 
microbiological challenge test. 

In daily practice, in order to define the expiry date for 
the reconstituted products, we must consider several 
factors:
1. The expiry date of the product itself regarding its physi-

cal and chemical properties.
2. The internal procedures of the hospital and hospital 

pharmacy.
3. The level of safety for the sterility of the product 

because of the “hardware” such as the location, 
equipment, air quality of the clean room and use of 
special devices.

4. The level of safety for sterility of the product because of 
the “software” such as the training, education and skills 
of personnel.

5. National laws or guidelines.

After assessing the outcome of risk analysis of the above 
parameters, the pharmacist can decide either to:
1. Discard the rest of the vial after each single preparation.
2. Discard the rest of the vial at the end of the day.
3. Use the vials until the expiry date of the product with 

regard to its physical and chemical properties.
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The goal was to estimate the financial impact 
of these three scenarios by considering the 
cost of the cytotoxic products and other 
costs such as that of the closed-transfer 
device (PhaSeal).

METHODS

For the study we analysed the preparation 
data in July and August 2006 and simulated 
for each day the theoretical use of drug vials 
belonging to each scenario as follows:

Scenario one
We used the drug vials available in the Bel-
gian market and calculated for each prepara-
tion the optimum number of vials needed to 
prepare each dose individually.

Scenario two
We calculated the number of different vials 
needed to prepare the prescribed dose, for all 
patients attending the oncology unit that day.

Scenario three
We calculated the number of vials needed, 
based on the highest volume and/or con-
centration available on the market for the total 
period, paying attention to the time that the 
next preparation was required and the maxi-
mum time before expiry found in the litera-
ture. When the internal expiry date set by the 
department was shorter than the interval 
between two consecutive preparations of 
that product, the remaining volume of the vial 
was discarded and a new vial was used to 
start the second preparation. 

At the end of the observation period, we 
counted up all the used vials in the different 
scenarios and multiplied them with the tariff 
price of each vial to obtain the total cost of 
the products.

For each vial, one specific transfer device 
(PhaSeal Protector), adapted to the size of 
the vial and the diameter of the aluminium 
cap, was used. We have included the cost 
of only the different protector devices used, 
because the use of the connector and injec-
tor (two other parts of the PhaSeal system) 
are comparable for each scenario.
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Appendix 1:  Maximum expiry date vial of reconstituted stock solution

Generic product Brand name Maximum 
expiry date

Reference

Amsacrine Amsidine RTU

Bevacizumab Avastin RTU

Bleomycin Non-proprietary 28 D 1

Bortezomib Velcade 8 H

Carboplatin Carbosin RTU

Cetuximab Erbitux RTU

Cisplatin Platosin RTU

Cyclophosphamide Endoxan 7 D 5

Cytarabine Non-proprietary RTU

Dacarbazine Non-proprietary 4 D 6

Dactinomycin Cosmegen Lyovac 8 H

Daunorubicin Cerubidine 7 D 1

Docetaxel Taxotere 28 D 7, 8

Doxorubicin RTU

Liposomal doxorubicin Caelyx RTU

Epirubicin Farmorubicine RTU

Etoposide Eposin RTU

Fludarabine Fludara 14 D 1

Fluorouracil Fluracedyl RTU

Gemcitabine Gemzar 36 D 9

Idarubicin Zavedos 1 D

Ifosfamide Holoxan 7 D 1

Irinotecan Campto RTU

Melphalan Alkeran 1 H

Methotrexate low dose RTU

Methotrexate high dose RTU

Mitomycin 14 D 2

Mitoxantrone Xantrosin RTU

Oxaliplatin Eloxatin 28 D 10

Paclitaxel Taxol RTU

Pemetrexed Alimta 3 D 11

Teniposide Vumon AMP

Topotecan Hycamtin 17 D 12

Trastuzumab Herceptin 2 D 13

Vinblastine 7 D 14

Vincristine RTU

Vindesine Eldesine 7 D 14

Vinorelbine Navelbine RTU

Key: RTU: ready to use, D: days, H: hours, AMP: ampoule for immediate use
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We calculated the number of the different protectors used 
in the different scenarios, multiplied them with their unit 
cost and added this sum to the products cost.

Various books, journals and electronic databases [1-4], as 
well as the injectable medication administration guidelines for 
adults used at the MD Anderson Cancer Center, University 
of Texas, USA, were consulted to establish the physical and 
chemical expiry dates of the products. For each drug, the 
maximum stability was defined and is listed in Appendix 1.

RESULTS

During the study period, 3,086 preparations were evalu-
ated. These were prepared from 39 different products; the 
top 10 most-used products are shown in Table 1.

The details of the number of vials and protectors used in 
the three scenarios are presented in Appendix 2 that sum-
marises: the product, number of preparations and total 
amount prescribed (dose administered during the obser-
vation period). For each scenario, the total number of vials 
used (expressed in mg), the percentage compared with the 
administered dose, the number of vials and specific dosages 
used, and the number of protectors used are also shown.

Details of the cost for each drug in the three scenarios are 
presented in Appendix 3.

The differences for the top 10 drugs, in terms of losses 
in scenario one compared with scenario three, are pre-
sented in Table 2.

The differences for the top 10 drugs, in terms of losses in 
scenario two compared with scenario three are presented 
in Table 3.

The total cost and difference between the three scenarios 
are presented in Table 4.

We also calculated the number and cost of the closed-
transfer devices we used during the preparation of the 
cytotoxic drug (Table 5).

The overall cost was calculated and is shown in Table 6.

DISCUSSION

In recent years, more and more research has been done on 
the chemical and physical stability of cytotoxic drugs after 
dissolving and in dilution [1-14]. Given conflicting interests, 
this type of research is mostly done by, for example, aca-
demics or hospital pharmacists rather than the pharma-
ceutical industry. Most often, the expiry time is limited to 
24 hours, arguing that sterility cannot be guaranteed over 
a longer period. It cannot be emphasised enough that 
strict sterile procedures must be implemented in order to 
conserve the product over a longer period, which will then 
result in substantial savings.

Different scenarios for preparation and conservation can 
lead to a minimum saving of 7% and a maximum of 15% on 
the total accumulated cost of drug and transfer device.

The contribution of the use of closed-transfer devices to 
savings is limited and represents, depending on the sce-
nario, only 2.2% to 4.3%  of the cost of the drugs.

CONCLUSION

The use of multi-dose vials until the end of their physical 
and chemical expiry dates can save a substantial amount 
of money in the range of Euros 300,000 to Euros 700,000 
per year for our hospital.

On average, the overall cost of cytotoxic preparation can 
be decreased by 7% to 15% depending on the applied 
scenario.

The challenges in using this beneficial scenario are the 
availability of devices, the necessary setting (apparatus 
and environment), methods and procedures that are vali-
dated to ensure that the contents of the vials remain sterile 
and that sterility can be guaranteed until the expiry date.

The possible savings can be a supplementary argument 
for investing in a better work-setting (such as a clean room 
and flow cabinets) and devices to ensure the safe and 
sterile handling of cytotoxic drugs.

Table 1: The top 10 most-used cytotoxic preparations

Product Number of preparations

Fluorouracil 718

Cyclophosphamide 229

Etoposide 182

Cisplatin 178

Doxorubicin 177

Cytarabine 166

Gemcitabine 151

Vincristine 133

Oxaliplatin 116

Irinotecan 103
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Appendix 3:  The cost of used drug vials for 
each scenario (in Euros)

Product Scenario 
1

Scenario 
2

Scenario 
3

Amsacrine 1,771 1,771 1,453

Bevacizumab 
(study product)

0 0 0

Bleomycin 1,085 1,085 968

Bortezomib 76,777 70,684 70,684

Carboplatin 36,647 33,791 31,418

Cetuximab (Erbitux) 25,730 21,151 18,970

Cisplatin 12,645 10,983 10,137

Cyclophosphamide 2,207 2,076 2,061

Cytarabine 5,851 5,807 3,723

Dacarbazine 1,594 1,594 1,341

Dactinomycin 28 28 28

Daunorubicin 587 587 543

Docetaxel 84,337 81,043 78,878

Doxorubicin 14,139 12,191 10,420

Liposomal 
doxorubicin

34,575 33,214 31,920

Epirubicin 33,255 30,153 28,662

Etoposide 4,681 4,864 5,196

Fludarabine 3,237 3,237 2,534

Fluorouracil 11,498 8,942 8,728

Gemcitabine 40,766 38,052 36,955

Idarubicin 12,866 12,330 10,186

Ifosfamide 2,747 2,198 1,872

Irinotecan 65,332 62,640 61,412

Melphalan 386 386 386

Methotrexate low 
dose

531 531 465

Methotrexate high 
dose

20,491 20,469 19,902

Mitomycin 365 359 327

Mitoxantrone 1,696 1,696 1,588

Oxaliplatin 97,121 87,787 84,868

Paclitaxel 34,717 34,437 32,640

Pemtrexed 66,123 66,123 55,359

Teniposide 203 203 203

Topotecan 2,771 2,771 2,217

Trastuzumab 134,853 127,473 118,080

Vinblastine 410 410 410

Vincristine 1,934 1,796 1,648

Vindesine 851 851 851

Vinorelbine 1,390 1,365 1,296
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Table 2:  The top 10 drugs and the differences in cost (in 
Euros), in scenario 1 compared with scenario 3

Product Loss in scenario 1

Trastuzumab 16,773

Oxaliplatin 12,253

Pemtrexed 10,764

Cetuximab 6,760

Bortezomib 6,093

Docetaxel 5,460

Carboplatin 5,228

Epirubicin 4,593

Irinotecan 3,919

Gemcitabine 3,810

Table 3:  The top 10 drugs and the differences in cost (in 
Euros), in scenario 2 compared with scenario 3

Product Loss in scenario 2

Pemtrexed 10,764

Trastuzumab 9,393

Oxaliplatin 2,919

Carboplatin 2,372

Cetuximab 2,181

Docetaxel 2,165

Idarubicine 2,144

Cytarabine 2,084

Paclitaxel (Taxol) 1,798

Doxorubicin 1,770

Table 6:  Total cost (in Euros)

Scenario 1 Scenario 2 Scenario 3

Product 836,198 785,079 738,329

Protector 36,214 22,230 16,113

Total 872,412 807,309 754,442

Difference with 
scenario 3

117,970 52,867

Difference in % 
with scenario 3

+15.6% +7.0%

Table 5:  Number and cost (in Euros) of the closed-transfer 
devices used in cytotoxic preparation

Scenario 1 Scenario 2 Scenario 3

Protector 
type

Number Cost Number Cost Number Cost

Total p14 272 1,523 258 1,445 211 1,181

Total p21 4,119 20,183 2,632 12,897 1,695 8,306

Total p50 2,459 14,508 1,337 7,888 1,123 6,626

Total 6,850 36,214 4,227 22,230 3,029 16,113

Per cent +125% +40%

REFERENCES

1. Wood MJ, Allwood MC, Oakes JM, et al. Chemotherapeutic agents. In: 
Allwood M, Stanley A, Wright P, editors. The cytotoxic handbook. 4th ed. 
Oxford: Radcliffe Medical Press; 2002.

2. Trissel LA. Handbook on injectable drugs. 8th ed. Bethesda: American 
Society of Health-System Pharmacists; 1994.

3. B Braun container compatibility database [homepage on the internet]. 
Melsungen: [cited 2008 April 22]. Available from: www.concomp-partner.
com/index.php

4. Stabilis international database [homepage on the internet]. Nancy: 
[cited 2008 April 22]. Available from: www.stabilis.org/Monographie.
php?Liste&codeLangue=UK

5. Brooke D, Bequette RJ, Davis RE. Chemical stability of cyclophospha-
mide in parenteral solutions. Am J Hosp Pharm. 1973;30(2):134-7.

6. El Aatmani M, Poujol S, Astre C, et al. Stability of dacarbazine in amber 
glass vials and polyvinyl chloride bags. Am J Health-Syst Pharm. 
2002;59(14):1351-6.

7. Cytostatica monographies from the oncology workgroup of ADKA. 
Krankenhauspharmazie. 1999;20(3):97-102.

8. Thiesen J, Krämer I. Physico-chemical stability of docetaxel premix solu-
tion and docetaxel infusion solutions in PVC bags and polyolefinecontain-
ers. Pharm World Sci. 1999;21(3):137-41.

9. Xu Q, Zhang Y, Trissel LA. Physical and chemical stability of gemcitabine 
hydrochloride solutions. J Am Pharm Assoc. 1999;39(4):509-13.

10. Trittler R, Heni J, Strehl E. Studies on stability of oxaliplatin. Krankenhaus-
pharmazie. 2000;21(7):375-6.

11. Zhang Y, Trissel LA. Physical and chemical stability of pemetrexed in infu-
sion solutions. Ann Pharmacother. 2006;40:1082-5.

12. Krämer I, Thiesen J. Stability of topotecan infusion solutions in polyvi-
nylchloride bags and elastomeric portable infusion devices. J Onc Pharm 
Pract.1999;5(2):75-82.

13. ABPI Medicines Compendium. Summary of product characteristics for 
Herceptin. Roche Products Limited. Electronic Medicines Compendium. 
[cited 2008 April 22]. Available from: www.emc.medicines.org.uk

14. Dine T, Luyckx M, Cazin JC, et al. Stability and compatibility studies of 
vinblastine, vincristine, vindesine and vinorelbine with PVC infusion bags. 
Int J Pharmaceutics. 1991;77(2-3):279-85. 

Table 4:  Total drug cost (in Euros) and difference for 
each scenario

Scenario 1 Scenario 2 Scenario 3
Financial value of 
used drug vials

836,198 785,079 738,329

Difference compared 
with scenario 3

97,869 46,750

Per cent +13% +6%
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