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Abstract: Most cytostatic drugs cannot be administered directly to patients in their
marketed presentation, but require previous reconstitution conducted in the Pharmacy
Unit areas for cytostatic preparation.

There are systems that allow drug reconstitution and transfer once it has been diluted,
in order to protect staff from any potential contamination during handling. These are
commonly known as Closed Systems, and generally have a piece for vial attachment
and a syringe adapter with a built-in filter, that replace the traditional needles. Closed
systems feature different characteristics and costs which is necessary to analyze in order
to determine the most efficient one.

KEYWORDS: Closed system, Chemotherapy, Safety, Antineoplastic agents,
Efficiency.

Resumen: La mayorfa de firmacos citostiticos no pueden ser administrados
directamente desde la presentacidn comercial al paciente, sino que requieren de una
reconstitucion previa realizada en las dreas de elaboracién de citostaticos en los Servicios
de Farmacia.

Existen sistemas que permiten reconstituir y extravasar el firmaco una vez diluido, para
evitar la posible contaminacién derivada de su manejo al personal. Estos sistemas se
conocen coménmente como sistemas cerrados, y de manera genérica constan de una
pieza de fijacidn al vial y un adaptador para la jeringa con filtro integrado, que sustituyen
alas tradicionales agujas. Los sistemas cerrados presentan diversas caracteristicas y costes
que son necesarios analizar para conocer cudl es el sistema mds eficiente.

PALABRAS CLAVE: Sistema cerrado, Quimioterapia, Seguridad, Antineoplasicos,
Eficiencia.

Introduction

Occupational safety has become one of the main concerns in hospitals,
and exposure to cytotoxic agents is one of the most relevant issues, as
well as accidental needle-sticks. Since the 70s, it has been well known that
nurses who prepare chemotherapy presented high levels of mutagenic
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agents in their bodies!. Therefore, there have been many guidelines
and agreement documents®!° prepared in order to try to minimize the

exposure of workers to this type of agents3. One of the first advances
in this field was the use of biological safety cabinets in combination

with individual protection equipment, and the use of closed systems for

preparation and transfer of antineoplastic agents4, according to Royal

Decree (RD 665/97) which was subsequently modified (RD 1124/2000
and RD 349/2003)>¢. This Royal Decree regulates closed systems and
therefore encourages their use, and sophisticated systems have been
launched that will replace the use of traditional needles. These complex
devices present heterogeneous costs that require their cost-efficiency

assessment’. The Pharmacy Area is legally responsible for this assessment

(RD 1591/2009)%, which will allow to select the most efficient devices.
In order to conduct this assessment, it will be essential to consider
that the increased safety offered for cytostatic handling by these Closed
Systems (CS) is obtained at the expense of dead space, higher than that
of traditional loading needles, which does not allow the total extraction
of the liquid contents from the vials’. Therefore, in this study we have
analyzed the potential economic impact of incorporating each one of
these systems in a third-level hospital; additionally, a cost-efhiciency study
has been conducted for said devices, based on the most efficient use of the
vials.

Methods

A study was conducted with the objective of measuring the cost-efficiency
of some of the CS available in the market. The following CS were assessed:

BD-Phaseal; Hospira ICU CLAVE CH 70 and CH74; Baxter-
ChemoAI-DE’; Care Fusion Smart Site and VMO04; Fresenius Extra
Spike ; Braun Chemo V Mini Spike..

These systems include, among other features, an awl that allows
to pierce the rubber septum of each vial, remaining affixed through
anchorage. They also allow to access the vial contents through a luer
connector to the syringe, not requiring the use of needles. All these
systems feature 0.2 pm venting filters in all their models, except for BD
Phaseal, which features an airtight expansion chamber.

The calculation of the estimated economic impact for one year
included:

- The cost associated with the loss of the drug that remains in the
system. To this aim, the outcomes from the study were extrapolated with
each vial size and CS model included, shown in Table 1 and Table 1cont,
to the vials used during one year in our hospital, in the Day Hospital areas
for Oncology and Haematology.
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Table 1
Classification of the marketed presentations used in Oncology and Haematology Day Hospitals in 2014
Drug Cost par vial Costpermi iy
RITUKIMAB 100 MG - 10 ML VIALS - INTRAVENOUS h i 33085 2298 13 mmiom
BEVACIZUMAB 25 MG/ML- 4 ML (100 MG] VIAL - INTRAVENOUS 299.93 7498 12 mm/ 10 ml
TEMSIROLIMUS 20 MG VIAL - INTRAVENOUS 840 420 13 mm/10 ml
VINFLUNINE 25 MG/ML - 10 ML {250 MG] VIAL - INTRAVENGUS 786.25 7862 13 mm/10 ml
RALTITREXED 2 MG /5 ML VIAL - INTRAVENOUS 12,71 22.54 13 mm/10 i
VINFLUNINE 25 MG/ML - 2 ML [50 MG} VIAL - INTRAVENOUS 157.25 78.62 13 mm/10 ml
VINCRISTINE 1 MG VIAL - INTRAVENOUS 1.45 0.72 13 mm/10 i
TRASTUZUMAB 150 MG VIAL FOR INTRAVENOUS PERFUSION 551.78 76.63 20 mm/20 ml
BEVACIZUMAB 25 MG/ML- 16 ML [400 MG) VIAL - INTRAVENOUS 1,103.44 48.96 20 mm/20 ml
PAMITUMUMAE 20 MG/ML - 20 ML VIAL FOR INTRAVENCUS PERFUSION | 1,406.02 70.30 20 mm/20 ml
PERTUZUMAB 420 MG VIAL FOR PERFUSION INTRAVENOUS* ME 3,110 222.14 20 mm/20 il
LPOSOMAL DOXORUBICIN 20 MG VIAL - INTRAVENOUS 314.38 31.43 20 mm/20 ml
BENDAMUSTINE 100 MG VIAL FOR INTRAVENOUS PERFUSION 253.28 25.32 20 mm/20 mi
AFLBERCEPT 25 MG/ML- 8 ML [200 MG VIAL 650.52 8131 20 mm/20 mi
IRINOTECAN 100 MG VIAL - INTRAVENOUS 7.25 1.45 20 mm/20 ml
CARBOPLATIN 450 MG VIAL - INTRAVENOUS 19.95 199 20 mm/20 ml
AFLBERCEPT 25 MG/ML- 4 ML (100 MG) VIAL 325.26 81.31 20 mm/20 ml
FOTEMUSTINE 208 MG VIAL - INTRAVENOUS 389.94 18.99 20 min/20 mi
VINORELBINE 50 MG VIAL - INTRAVENOUS 22.05 220 20 mm/20 ml
PANITUMUMAB 20 MG/ML - 20 ML VIAL FOR INTRAYENOUS PERFUSION | 1,406 70.30 20 mm/20 ml
CYCLOPHOSPHAMIDE 1GR VIAL - PARENTERAL 7.6 0.35 20 mm/20 ml
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Table 1 (cont.).
Classification of the marketed presentations used in Oncology and Haematology Day Hospitals in 2014

Brg Cod parvid Coddparml Rt bl
RITUOIMAB 100 MG - 10 ML VIALS - INTRAVEMOUS 232 1160 20 mmg 20 ml
OALPLATIM 50 MG VIAL - INTRAVENCUS 390 019 20 w20 il
PAMITLMUMAR 20 MG/ML S ML VIAL FOR INTRAVENOUS PERFUSION 353 70.60 20 w20 ml
TOPOTECAN 4 MG VIAL- INTRAVENOUS 14 2.80 20 men/20 ml
BLECMYCIM 15 LI VAL - PAREMTERAL 1243 1.26 20 w30 ml
CYCLOPHOERAMIDE 200 MG VIAL - PAREMTERAL &7 0.21 20 men 30 ml
CHUALPLATIMG 100 MG VIAL - BJTRAVEROUS 720 039 20 w20 ml
WIMCRISTIMN 1 845 VIAL - INTRAVEMOUS 1.45 0.7z 20 w0 ml
PEMETREXED 500 MG, VIAL - BATRAVEMOUS L0 55.50 20 w30 ml
CETLOMAR 5 MG /PAL - 20 ML [100 MG) VIAL - INTRAVEROUS 1 7r.ae &4o 20 w30 ml
RITUOMAR SO0 MG - 50 ML VIAL - INTRAVENDUS 115107 23.02 20 w30 ml
TRABECTEDIN 1 MG VIAL FOR INTRAVENOUS PERFUSICN 114 34 11964 20 w30 ml
IPILIBAUMAE 200 MG 40 ML V1AL FOR INTRAVEMICUS FERFLSIOMN 10,709 77 26774 20 wm/ 30 ml
TRABECTEDIN 1 MG VIAL FOR INTRAVENOUS PERFUSICN 11424 2571 20 w30 ml
LPCISORMAL DOXORUBICIM 50 MG VIAL - INTRAVEROUS 404,79 1427 20 w20 ml
CABATTAXEL 60 MG/ 1,5 ML V1AL FOR INTRAVERCLUS PERFUSICHN 375250 75850 20wy 30 ml
TRABECTEDIN 0.25 MG VIAL FOR IMTRAVENOLS PERFUSIOH 508.80 10178 20 w30 ml
PACUTAXELALELIMIN 100 MG VIAL FOR IMTRAVENOUS FERFUSION 273 1.0 20 wen /30 il
INTERFERCIN ALFHAZB 10 MUI VIAL- 5C / INTRAVENOUS 3821 3.82 20 w30 ml
PACLITAXEL 100 MG VIAL - INTRAVENOUS 8 018 20 wen /50 il
GEMCITABINE 1 GR VIAL - BATRAVENOUS 11.50 023 20 /30 il
TRABECTEDIM D.25 MG VIAL FOR IMTRAVENCUS PERFUSION 508.90 1007 20 men /30 il
FLUCROURATIL 5 GR VIAL - IMTRAVERCUS 14.23 028 20 men /30 ml
ORALFLATING 100 MG VIAL - INTRAVENOUS 750 0.39 20 w30 ml
IFOSEAMIDE | GRt VIAL - BTRAVENOUS L6 0.83 20 w30 ml
RITUOIMAB 500 MG - 50 ML VIAL - INTRAVENDUS 1,153.48 23.06 20 w30 ml
DOCETANEL B0 MG VIAL - INTRAVENOUS 21.50 537 20 w30 ml
CHSPLATIN 50 MG VIAL - INTRAVEMOLS 340 017 20 wen /30 ml
DONCRUBICIN 50 MG VIAL - INTRAVEMOUS 554 055 20 w30 ml
AFUBERCEPT 25 MG/ML - 8 ML [200 MG VIAL 633,84 3189 20 w20 ml
LPCSCMAL BOKORUBICIN 20 MG VIAL- INTEAVENOUS 314.38 828 200 w30 ml
PANITLIMLIMAR 20 MG/ML- 5 ML VIAL FOR INTRAVENOUS FERFUSION 157,65 35.26 20 w20 ml
ETCIPCSIDE 100 MG/SML VIAL - BNTRAVEMOUS 394 0.07 20 w20 ml
BENDAMUSTINE 75 MG VIAL FOR INTRAVENOUS PERFUSION 4392 318 20 w30 ml
CACARBAZINE 1000 MG VIAL - INTRAVENOUS 14.48 0.28 20 w20 mi
FOTEMUSTINE 208 MG VIAL - INTRAVEMOUS 389.93 38.99 20 w30 ml
EPIRUBICIN 50 MG VIAL - IMTRAVENOILS 10.56 052 20 w30 mi
DOCETAZEL 20 MG VIAL - INTRAVENOUS 538 010 20 w30 ml
CARBOPLATIM 150 MG VIAL - BTRAVENOUS 550 613 20 men/30 ml
METHOTREKATE 1 GR VIAL . PARENTERAL 2454 124 20 w30 ml
MITOMTCIN 40 MG VIAL - PARENTERAL/IMTRAVESICAL 72.34 1.80 20 w30 ml
IFCISFAMIDE 1 GR VIAL - BJTRAVENOUS 1664 0.83 20 wen/30 ml
VINBLASTINE 10 MG VIAL - INTRAVENOUS 6.80 013 20 w30 ml
ETOROSIDE 100 MG/ SML VIAL - BITRAVEROUS 395 077 20 w30 ml
DONCRUBICIM 50 MG VIAL - INTRAVENOUS 554 027 20 e /30 ml
VINCRELSINE 50 MG VIAL - INTRAVENOUS 22.05 2.20 20 w30 ml
EFIRUBICIN 10 MG VIAL - INTRAVENOUS 2.50 0.50 20 wen /30 ml
VINORELBINE 10 MG VIAL - INTRAVEMOUS a1 0.4% 20 wen /30 ml

- The cost of the syringes for cytostatic preparations (attached to the
CS for handling during preparation).

- The costs of the CS available at the time of conducting the study
(Table 3).

The cost of drug loss was estimated through the weight difference
technique. The procedure was conducted as follows:

Empty 10, 20 and 30 ml vials were weighed.

Vials were filled with an innocuous and coloured solution, with the
respective volumes (10, 20 and 30 mL).

Each CS model was attached, according to size, to the relevant vial.

Liquid extraction was conducted through each one of the CS.
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Each vial was weighed once its liquid contents had been extracted. We
applied the weight difference technique regarding the initial weight of the
empty vial.

This process was conducted three times by three different operators,
with the objective of avoiding any bias caused by the level of skill in
the use of these systems: Operator 1: with high experience in cytostatic
preparation, conducted in his daily practice, wide knowledge of CS;
Operator 2: limited experience, with knowledge of the mechanism and
performance, and occasionally handling these preparation materials; and
Operator 3, without any experience, with knowledge of the mechanism
and performance of CS.

The mean level of the 3 measurements was taken as reference. This
specific value for each vial size and CS model was considered as drug loss
in ml.

The vials of the marketed presentations of drugs used in Oncology and
Haematology were classified into 3 groups, according to their diameter
size and volume: 13 mm/10 mL, 20 mm/20 mL and 20 mm/30 mL
(Table 1); this allowed to extrapolate the loss of the drug discarded in the
vial represented by the use of each CS model, through calculating the cost
per drug ml, using the price reported at the date of the study, on February,
2015.

The number of total preparations was obtained from the Oncowin

computer system, and the use of vials from SAP".
Results

In total, there were 63 tests through difference in weight, with each vial
size and CS model measured three times, and the mean level of drug not
used in each of the three measurements was used as value of reference.

These systems were not available to us; Hospira ICU CLAVE CH 70,

CHY74, or Fresenius Extra Spike® for the 10ml vial size. The outcomes are
stated in Table 2.

Table 2

Volume (ml) of drug lost during the preparation process

i s /e e e T T S M
BD Phaseal®*  Hospiro CHT0®  Hespira CHT4* Rido? -

It Pt e T e SR

13mm/10m | 015220043 Notrelevant* Mot relevont* 0343£0.070 014420019 017210072 Noprocede® 0.61620,205

20 mm/20 ml

0.239+0.093 043020035 030920038 062820250 049320122 022920146 076020756 0.780£0.45%

20 mm/30 ml 018620076 035620166 037820117 07780187 02560044 053320064 071520247 0.687+0.509

*The vial size is not adequate for using this system.

It was observed that the CS with the best eflicient use of the drug in
10ml vials was the system marketed by Care Fusion Smartsite, with a
mean loss of 0.144 + 0.019 mL, followed by BD-Phaseal with 0.152 +
0.433 ml; the system with the highest loss was Braun’s Awl, with 0.661
+ 0.205 mL.
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Chemotherapy

SyTinge

Connector for saline

Total cost without connector

For the 20 mL vial size, the device by Care Fusion model VMO04
allowed the most efficient use of the vial contents (0.229 + 0.146 mL),

followed by BD-Phaseal with a0.239 + 0.093ml loss; the device by Braun’
presented the highest recorded loss (0.780 + 0.459 mL).

For 30 mL vials, the BD-Phaseal system showed the best results (0.186
+0.760 mL), followed by the Care Fusion Smarthsitesystem with 0.256
+ 0.044 mL.

The estimated cost that these losses would represent for the hospital
was calculated based on the preparations conducted during 2014 for
the Oncology and Haematology Units. In total, 71 different commercial
presentations were used, classified by vial size and diameter into 3 groups,
as appears in Table 1 and Table 1cont.

During this period, 34,598 cytostatic preparations were conducted in
total, using 16,788 vials.

In terms of the different CS models used, the detailed cost was the one
available at the time of the study. Table 3 shows the breakdown of these
costs by components: chemotherapy, awl, and adapter to the infusion
system.

Table 3
Breakdown of the costs of CS by components
i e R e
CHg® CH7as Aide? Smartsiie®  without venting Extra Spike®  Chema V®
............................................................................ e S AR SO oty SRR el
2.8 2.8 2.8 0.95 0.95 2.8 2.46
0.34 0.34 0.34 0.34 0.34 0.34 0.34
25 2.5 25 1.98 1.98 25 2.5
5.64 5.94 5.45 4.39 3.59 5.26 5.8
814 8.44 7.95 .37 557 7.76 8.3

Total cost with connector

The economic impact represented by the use of each CS model during
one year in a third level hospital included the cost of the drug loss, the
remains that were not used in each marketed vial, and the cost of CS. The
outcomes of this analysis appear in Table 4: we consider that the most
efficient CS model would be BD-Phaseal , with a cost of 255.668,3 €/ year.

On the other hand, according to our study, the Braun model would be
considered the least efhicient, with an impact of 544,808,9 €/year.

Table 4
Annual economic impact derived of the use of each Closed System
0 R A B 0 8 i B 8 0 B B S0 B B D 9 0RO S0 S S0 R 0 S0 B A S -t ﬁ‘;a:; ||||||||| o .‘I‘ﬂ-&; ........... E;;‘E‘u-ﬁ ...... a‘;;&a;;‘“lf;&:ﬁ;%hﬂa --------- EE ; -------
CHD® CH74*  ChemoAide®  Smorsie®  withoutventng  Spike®  ChemoV®

Differences with BD-Phassal®

155971.5 3268287 482,3017 3507624 2867803 5014206 5448089
100,303,2 71,1605 226,633.4 950941 31,117.0 2457523 289.940.6

Discussion

Closed Systems have been gradually incorporated in Pharmacy Units,
due to the recommendations by our current legislation (RD1591/2009)
One of the main drawbacks for their implementation has been their high
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budgetary impact, as well as the current continuous innovation in this
market. The objective of this study was to present an evaluation method
for the efficiency of closed systems, through a cost-efliciency analysis,
based on the lack of efficient use of the vials shown by these systems.
According to our data, the system with the lowest overall impact on the
budget is, however, the one with the highest cost of purchase: the system

marketed by BD-Phaseal ; the essential reason for this is that it allows a
most efficient use of the drug vials, almost 15% higher than the mean of
the other CS.

It is true that this is not the only characteristic that must be assessed
at the time of incorporating a new healthcare technology. In fact, this is
one of the limitations in our study, which is simply based on cost aspects
derived of the purchase of systems and the efficient use of vials. There
are even studies that have been published, taking into account the time
of preparation of treatments based on the CS used. Besides, currently
there are rules that classify these CS into different levels of safety; among

these, the BD-Phaseal systems meet the most demanding requirements.
However, we have assumed that all systems present the same sealing and

safety data'®, and also that there is an equivalent handling of these systems
by the nursing staff. The study presented is only a tool for calculating the
direct costs derived of the use of different CS. Different hospitals will be
able to incorporate these analyses, if they consider them necessary for their
assessment of these systems.
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