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ABSTRACT

Health professionals who handle antineoplastic agere exposed to several chemical hazards. Thexetbeir
occupational exposure must be carefully monitored @revented. The use of closed-system devicesum d
preparation has been recommended by several intiemal guidelines for the handling of cytotoxic geu To
compare the contamination of work surfaces with ghine following closed-system preparation verstamdard
needle techniques, using high-performance liquistatography-ultraviolet (HPLC-UV). Wipe test sapmplvere
collected from a drug handling facility, then exirad and analyzed by HPLC-UV. Readings were tak&6& nm.
Of the 303 samples collected, 31 were obtained firgact vials, while 272 were used to compare gébaie
contamination levels following conventional verstissed-system preparation. Approximately 50% of ptas
obtained following each procedure tested positive the contaminant. The amount of contaminationvéis,
sterile fields and syringes was lower when clogesiesn devices were used for drug manipulation.t#l tf 16.1%
of the intact vials removed from their original f@aging were also contaminated. The method uselerptesent
study was effective in detecting gemcitabine indéeices and individual protective equipment ingdhn drug
manipulation. These findings demonstrate the expossk of health professionals who handle thedes&ances,
and the importance of closed-system devices incirdwaerosol formation and contamination during tmg.

Key words: antineoplastic agents, closed-system drug trangkevice, gemcitabine, high-pressure liquid
chromatography (HPLC), and surface contamination

INTRODUCTION

The use of antineoplastic drugs has increased denadily in recent years due to the growing prewedesf cancer
and the need for new treatment strategies withtgrelerapeutic potential and more significant ignhéor patient
quality of life [1]. Improvements in antineoplastieatments and the development of new interventimcedures
and medications have resulted in a significantégase in the number of treatable patients and ssfttesitcome
expectations.

Antineoplastic drugs are very active, and have Ipigtential toxicity. In addition to being carcinate, these drugs
are also genotoxic, teratogenic and mutagenic,candhave toxic effects on both animals and humaes after
low-dose exposure [2-4]. Therefore, antineoplaatients, immunosuppressants, and antivirals mayspecally
deleterious to health professionals, and must bdlbd with great care [3].

686



Edison Cappet al J. Chem. Pharm. Res,, 2016, 8(8):686-694

In light of the occupational risk associated wittiatoxic materials, these medications must be hrehbdased on the
guidelines developed by international organizatisnsh as the Occupational Safety and Health ActH@®Sthe
American society of Hospital Pharmacists (ASHP)tidd®l Institute for Occupational Safety and HegRMhOSH),
International Agency for Research on Cancer (IAR&)d and Drug Administration (FDA), and the Wokldalth
Organization (WHO). Since antineoplastic drugs iateavenous and must be prepared under aseptidtors]
they are manufactured according to United StatemrRacopeia (USP) and Brazilian Society of Contationa
Control (SBCC) guidelines. These organizations hdeeeloped recommendations for policies and prassdu
related to the physical facilities, equipment arefspnnel practices associated with anticancer dsaegss to
minimize the risk of occupational exposure to thegdestances.

According to current guidelines and legislationfi@ancer drugs must be manufactured in centralizedities
designed specifically for this purpose, with the w$ collective (CPE) and individual protection gmuent (IPE)
[2,5-6].

These considerations warrant further investigatitio the safety of the work conditions of healttagiitioners
exposed to chemical risks, especially those whasd& imvolves handling anticancer drugs, since thad&iduals
often fail to receive adequate information regagdiecupational health hazards.

Exposure can occur at any stage of the preparagidministration and disposal of chemotherapeutigsli7].

These medications can be released into the workament in powder form or, more frequently, indid or

aerosolized form, since all drugs which are notpsisd in liquid form must be reconstituted prioruse [8]. Skin
absorption is the most common route of exposur@ntwancer drugs. Absorption is facilitated by gresence of
wounds on the skin [1]. Contamination can also obguthe inhalation of the aerosolized drug prodaod contact
with contaminated medication, chewing gum or ciges[7].

The following populations are at risk of exposusestich contaminants: patients, their relatives eamtakers,
pharmaceutical workers, pharmacists, nurses, dmctfamitorial staff, and researchers [9]. Environtaé
monitoring, health screening through periodic madexaminations, personnel education and trairang, the use
of IPE and CPE are some of the recommended metbodsducing occupational exposure to such chemiaatl
related health risks [1].

A recent study of genotoxicity and oxidative str@sgpharmacists and nurses who handled antineaplagéents
reported increased DNA damage and oxidative streggers in these individuals as compared to costubjects
[10]. The short-term effects of exposure to antieardrugs include headaches, vertigo, skin hypereigation and
vomiting, while long-term effects may include adtéons in fertility, sexual function and the endoersystem,
early menopause, musculoskeletal alterations, inentlysfunctions, foetal or menstrual abnormalitsgmntaneous
abortions and DNA damage [6,11].

Therefore, the production of anticancer drugs nfalkiw strict safety protocols. Additional care magso be taken
by workers involved in the preparation, administratand disposal of chemotherapeutic agents, artiéfacilities
in which these processes are carried out [7].

The risk of exposure is present from the momensdheedications are received, persisting throughr the
preparation, administration, and the disposal obgge and bodily excretions [12]. The risk depemashe toxicity
of the substance, individual differences in drugs#évity, and the degree of exposure [13].

Therefore, the manipulation of anticancer drugsughde under the care of a stable and well-traitezan, who
should receive frequent training courses, and rateractivities to avoid fatigue and decrease igleaf accidents
and exposure to the drugs. The norms and proceéturédsndling antineoplastic drugs should also eaaglically
reviewed and updated.

Occupational exposure to antineoplastic drugs eaevaluated using several methods, the most conohaich

is theWipe Testused to detect drug residue on surfaces or objecta the locations where the drugs are prepared
or administered. Surface analyses are useful,t8ensind reproducible, in addition to having a lowst and being
relatively accessible. Standardized procedurestsanbe used to test for contamination in glovesmaasks [1,14].
Contaminants can also be present in the air, oncaigeh vials, and on other materials involvedhe preparation

or administration of chemotherapeutic agents [Bilidies using mass spectrometry to detect contaimmby 10
different drugs including gemcitabine detected abersible levels of these contaminants on glovesoéiner objects
located far from the laminar flow area, such as paters, mice and steel surfaces in drug preparddiditities, in
addition to the floors of medical and administratoffices, and toilets in oncology units [16-17].

687



Edison Cappet al J. Chem. Pharm. Res., 2016, 8(8):686-694

Ultraviolet high-performance liquid chromatograpfiyPLC-UV) is among the most commonly used methadds o
detecting environmental cytotoxic contamination-[I9. HPLC has been used to detect surface contdioimby
cytotoxic agents such as cyclophosphamide, mettetgefluorouracil, ifosfamide and doxorubicin ahttas been
identified as a reliable, precise, and linear metttodetect simultaneous surface contaminatiornbgéd five drugs
[9,20]. HPLC has also revealed varying degreesooftamination by fluorouracil, cytarabine and gemdgite in
various surfaces in departmental pharmacies ofloggaunits [20].

Closed-system drug-transfer devices mechanicallgvemt aerosol formation, puncture accidents and
chemotherapeutic drug leakage during preparatidves@ devices consist of a syringe, a vial and &eldeok
connector [21]Figure 1 shows the structure of ChemoClave®. Tyssesn aims to reduce contamination in class I,
typo B2 biological safety cabinets and surroundangas, decreasing occupational exposure to toxiticekons
[22].

Figure 1

Figure 1: Closed Systems Transfer Devices, Chemo®E®, ICU Medical

Cyclophosphamide and fluorouracil levels on thefesig of biological safety cabinets and nearby #oand
countertops were compared in three oncologicalmphay units following standard preparaties. closed-system
methods (PhaSeal®) [23]. 90% of samples were peditir cyclophosphamide, and 8% for fluororacithaligh the
use of closed-system devices led to significarlydr contamination levels.

Currently, in most developed countries, the releafedrugs into the environment during preparatiamd a

administration is prevented by the use of closestesy drug transfer devices, whose sealed expantiambers
maintain a neutral pressure and prevent the foomadind release of aerosol particles. These deviage been
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evaluated by several studies, which have found thenmave varying levels of efficacy in reducing faoe
contamination following manipulation using diffetéachniques [1, 21,14].

Gemcitabine (2,2difluorodeoxycytidine; dFdC) is a cytarabine (csitee-arabinoside; Ara-C) analogue and a potent
antimetabolite, with high therapeutic efficacy agi several solid tumours, such as small-cell l@agcer,
metastatic pancreatic cancer, and breast, oveséaminal vesicle, oesophageal, and head and neckrcdrhe drug
has been shown to be effective both alone andnmbamation with other antineoplastic agents suchigglatin and
paclitaxel [24].

The aim of the present study was to use HPLC-U¥dgess gemcitabine contamination on IPE (glovesswanmk
surfaces used for the preparation of antineoplagtents after standard manipulaties the use of closed-system
drug transfer devices.

EXPERIMENTAL SECTION

A cross-sectional study was performed.

The present study was approved by the Ethics Caeenitf Hospital de Clinicas de Porto Alegre, profg20400.
Samples were collected on random dates in the €émtrintravenous Drug Preparation (CIDP), in thepBrtment
of Pharmacy of the Clinical Hospital of Porto AleHCPA).

Of the 303 samples, 272 were collected after thig dvas manipulated, and 31 from intact vials befmadling.
The 272 samples were collected from syringes,lstieilds, gloves, vials and agitators. One hundned thirty-four
of these were collected after manipulation using $handard syringe/needle method, and the remaib@&j
following handling using closed-system safety desic

Samples were collected using 42.5-mm diameter ¥4490 cm) Whatman filter paper (Maidstone, Kent, JUK
Standard solutions were made using 1 g generic iggnmee chlorohydrate (Accord Pharmaceutical Latmga
Ltd.) lyophilised into powder.

Wipe test samples were collected by immersingrfifi@per discs in 10QL water and using them to wipe objects or
surfaces. The following surfaces and objects waetyaed: 20 cm x 20 cm sterile fields used to malate the drug

in the biological safety cabinet (BSC), used geafiite flasks, the outside of surgical gloves usesanipulate the
drugs, 50 mL syringes, agitators used to dilute nietlications in the laboratory outside the BSC, ardct
gemcitabine vials removed from their original pagdsin the stocking area.

Samples were collected using two procedures: stdnpi@paration with a 40x12" needle, or with closgdtem
devices produced by ICU Medical, Inc.

Samples were collected from gloves, sterile fiels®,mL syringes and gemcitabine vials in a ClassT{ipe B
Biological Safety Cabinet on random days at the @ndrug manipulation. Wipe samples were also takem an
agitator outside the BSC, in the manipulation raminthe Centre for Intravenous Drug Preparationhef Clinical
Hospital of Porto Alegre (CMIV/HCPA). Five expermed pharmacists manipulated the drug using theedlos
system devices. Data was randomly collected throutall shifts.

Samples from intact medication vials were colledtethe storage area of the CMIV/HCPA. Vials weeenbved
from their original packaging on different days alpts, none of which had any signs of breakagekadga or
humidity.

After collection, each sample was stored in a seBMC tube, and kept at room temperature for ug8tdn before
being sent for analysis to the Clinical Biochenyistmit at the Department of Clinical Pathology b&tClinical
Hospital of Porto Alegre.

Samples were extracted by elution with 1.0 mL reageater for 24 hours, and were then centrifuged iajected
into a Shimadzu chromatograph. HPLC-UV was perfarmih a LiChrospher RP-18 column (end capped, AQO
250 mm x 4.6mm, 1), a mobile phase of 40 mM ammonium phosphate (fht+&cetonitril (80:20 v/v), manual
injection of 20ul and a flow rate of 1.0 mL/min. Absorbance wasdraa268 nm. This method was validated based
on its linearity, precision, stability, and limib$ detection and quantitation.

Data were entered into an SPSS spread sheet (BtdtRackage for Social Sciences, version 18)alatre not
normally distributed and variance was not homogagse®esults are expressed as median and intetquartige.
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The percentage of positive samples was comparedebatconditions using Fisher's exact test, andatheunt of
contamination following manipulation with each b&ttwo techniques was compared using Mann-Whitnégsts.
Results were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Of the 272 samples collected, 134 were extractéldwimg manipulation with conventional methods, ah88
following preparation with closed-system safetyides. Following conventional preparation, the meantaminant
concentration was 117g/mL and the median was 0.0 (P25 0.0 — P75 B@ihL). In closed system preparation,
mean contaminant levels were pi@mL, while the median was 0.0 (P25 0.0 - P7qug/mL).

A total of 49.3% of the samples prepared using eatienal methods were contaminated with a mean308 2
pg/mL gemcitabine and a median of 4@/mL (P25 1.35ug/mL - P75 19.35ug/mL). Samples prepared using
closed-system drug transfer devices had a contdiminaate of 44.9%. The mean contaminant level Wasy
pg/mL, and the median, 3.4g/mL (P25 0.64pug/mL - P75 6.7ug/mL). Contamination rates did not differ
significantly between groups (p = 0.544).

As shown in table 1, contamination levels differgdnificantly between samples collected from glovesls,
syringes, sterile fields and agitators in both goof samples. The contamination levels in eacth@de locations
did not differ significantly between groups.

Five of the 31 samples collected from intact geatiite vials showed traces of external contaminatianging

from 0.2 to 0.4ug/mL As can be seen in Table 1, the contaminataie in gemcitabine vials was 16.1%, with a
95% CI of 5.4% to 33.7%.

The linearity of the method used to detect contation with gemcitabine was confirmed using a stathdarve.
Figure 2 shows the linear equation and correlatmefficients between results{R

120000

y = 3930 4% + 365 94
100000 4 RE = 09984

80000 -
L 50000 -

40000

1%

20000 +

I:I T T T T T
0 ] 10 15 20 25 30

Concentration (ug/ml)
Figure 2: Calibration curve for the detection of gencitabine. Linearity was assessed using six poin8.5 to 25u/mL)

The accuracy of the test was analysed by repeateglsg from a solution with a constant concentratiThe mean
and variation coefficient of five samples drawntbree consecutive days is shown in Table 2.

The retention time of the samples was 3.6 minated,the limit of quantitation (LOQ) was determin®dthe serial
dilution of samples containing known amounts of geatrine, with a detection limit of 0y&/mL.

Figure 3 shows the background of experimental d¢amd, and the chromatography of filter sampleskedan 1
mL water. Figure 4 shows the chromatography of ad/énL gemcitabine sample.

The National Cancer Institute (INCA) has reportadrecrease in the incidence of cancer over rececades, which
has led to an increase in the use of antineopldstigs. Although these drugs preferentially targsgplastic cells,
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they are relatively nonspecific and also affectnmalr cells, producing adverse effects in treatedeptt and
individuals occupationally exposed to these medtioat
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Figure 3 - Chromatography of filter paper soaked in1 mL water: background of experimental conditions
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Figure 4 - Chromatography of a 10ug/ml gemcitabine sample
Table 1: Gemcitabine contamination in samples
Median Variation %
Sample Type Amount Mean (25 — p75) mg/mL positive
Vial Needle 70 16 13(0.0-6.3) 0.2-2495 67.1
Safety devices 73 5.7 0.4(0.0-39) 03-1416 56.2
Intact 31 0.05 0.0 02-04 16.1
Sterile Fields Needle 17 6 0.0(0.0-6.7) 0.2-46.2 35.3
Safety devices 16 052 0.0(0.0-0.14) 00.6-4.1 25
Syringe Needle 14 16.3 0.0(0.0-4.3) 0.8-1928 357
Safety devices 22 040 0.0(.0-0.2) 0.2-4.0 27.3
Glove Needle 22 484 0.0(0.0-05) 0.2-537 27.3
Safety devices 20 13.83 0.0(0.0-3.1) 0.4-244.0 40
Agitator Needle 11 1.2 0.0(0.0-0.0) 0.2-13.1 18.2

Safety devices 7 1.9 0.0(0.0-3.3) 0.3-9.8 42.9

Antineoplastic drugs carry a significant chemicekrdue to their carcinogenic, teratogenic, mutégemd
genotoxic properties. As such, workers involvedheir transportation, storage, preparation and atsnation, or

in the disposal of drug residue, patient excretimmgd secretions, should be especially careful aaletre strictly to
the safety recommendations issued by internatiendities such as OSHA, NIOSH, IARC, OPAS, who have
guidelines for the preparation and administratiboybotoxic drugs.
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Table 2: Results of between- and within-trial stability levés

Parameters Gemcitabine
Low Medium High

Within-trial precision

Number of samples (3)

Concentrationi{g/mL) 1 10 50
CV (%) 14.8 1.3 35
Between-trial precision

Number of samples (10)

Concentration{g/mL) 1 10 50
CV (%) 18.2 1.3 7.0

Aseptic manipulation using a standard syringe agedte often results in contamination through drsplieakage
from the rubber stopper after multiple punctured aerosol formation due to the high pressure inicagidn flasks
[21]. To minimize exposure to cytotoxic drugs, mm&tional organizations and legislation recommerel use of
closed-system devices when manipulating and adtaiimg these drugs [6,2,25].

Several studies have been performed in differestititions around the world using different techrdq to detect
contamination with several antineoplastic drugsniaterials, IPE, air and work surfaces, in additiorbiological
monitoring techniques to detect contamination ie Hood and urine of pharmacists and nurses odounadily
exposed to antineoplastic drugs [17,16,10,26-30].

A study performed over the course of five yeard(2R005) in 22 hospitals in the United States cawgaurface
contamination with cyclophosphamide, ifosfamide #adrouracil following conventional manipulatiomqredures
vs.closed-system preparation (PhaSeal®). A total df Wipe Test samples were collect€yclophosphamide and
ifosfamide contamination were analyzed by gas chtography and mass spectrometry, and fluorourauil$
were examined by reversed-phase HPLC-UV. Medianacoimation with each of the three drugs decreased b
95%, 90% and 65%, respectively, after the implewt#on of closed-system devices [22].

Spivey and Connor used fluorescein as a markeurfdce contamination to compare the results ofdatedhversus
closed-system (PhaSeal®) preparation. Each stagleeoéxperiment was photographed with UV illumioatio

visualize leaks and spills. Leakage was observiiowimg all 75 manipulations using traditional metts, but was
not reported in any phase of manipulation using3elaé® devices [31].

HPLC has also been used to determine the plasmzewctation of gemcitabine and its metabolites, hasl been
successfully used in pharmacokinetic studies oh€e patients receiving chemotherapy [24].

The present study focused on contamination withajg@rine, an antimetabolic agent, which is widebgd in the
treatment of several types of cancer. In additibding easily detectable, gemcitabine is alsdatively new drug,
whose surface contamination and occupational expassks have only been sparsely investigated. &smpere
collected from materials and IPE used inside tinginar-flow area in a BSC, such as syringes, vigtistile fields
and gloves, and from an agitator outside the lamfioav region, to ensure the identification of @ifént possible
sources of contamination. All materials were cdéecby wipe sampling, by the same researcher ubi@game
technique on random non-consecutive days, afteenatd were manipulated by all five pharmacistsolagd in

drug preparation.

HPLC is a sensitive and cost-effective techniquetie monitoring of occupational exposure to déferchemicals.
In the present study, gemcitabine levels were detexd by HPLC-UV with a reversed-phase LiChrospGé&s

column, a mobile phase of 80% 40 mm/l ammonium phate acidified to pH = 5.5 and 20% acetonitriled @

flow rate of 1.0mL/min. Readings were taken at 2868 For comparison, a previous study determinedsémam
concentration of gemcitabine and its metabolitésgudiode-array HPLC, with a flow rate of 0.8 mLimHowever,
in the study in question, the mobile phase conth®&5% 40mm/L ammonium phosphate acidified to psiahd
2.5% acetonitrile. Gemcitabine was read at 268amd,its metabolite at 253 nm. This method was sngdficient,

sensitive, accurate and precise for the detecficomtamination [18].

The use of closed-system drug transfer in the padjpa and administration of antineoplastic drugs libeen
strongly recommended by several international dinde for the preparation of cytostatic medicatioasd by
Resolution 32 (NR-32), of the Brazilian Ministry @fccupation [25]. The use of these devices has fmerd to
reduce aerosol formation and contamination [22-43,According to NR-32, safety devices should minimize
aerosolization, facilitate drug transfer in a cthsystem, and decrease the likelihood of acciddating drug
manipulation, administration, transportation argpdsal [5].
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In the present study, 272 samples were evaluatbalviog manipulation with two techniques, and thseuof
closed-system devices led to lower mean contamileuats, although median and 75th percentile valwese
similar in the two groups. Despite the similarity gontamination rates between groups, when onlyaconated
samples were analysed, mean and median contanimaeis were lower following manipulation with clase
system devices than with conventional techniqueswever, this difference was not statistically siigpaint.
Although both preparation methods resulted in amimation, closed-system drug transfer devices tedotwer
contaminant levels and reduced aerosol formationfitning the importance of this method. Howevegrethough
closed-system devices do reduce contaminant letredsuse of the IPE and CPE recommended by internaht
guidelines and resolutions is indispensable, ggertodic personnel training and the use of adegpegparation
techniques.

When the locations from which samples were takerevemalysed separately, the mean contaminant dointen
vials, syringes and sterile fields were found toltmer when safety devices were used. However,rapnto
expectations, these techniques led to higher cantarh levels in gloves and agitator samples. Median
contamination was 0 in all groups, although 75thcestile values were lower in samples preparedgusafety
devices. It is important to note that the faciitievaluated were also used for the preparationhafr anedications,
which may also have contaminated the samples. ddtetat drugs other than gemcitabine were alsdpukated in

the facility is a limitation of the present studyhe use of the agitator to dilute other medicatidhs collection of
data at the end of each shift, and the small nurnbsamples may have also limited our findings. &t&heless,
despite this limitation, we were able to identifyntamination even in locations far from the lamifiaw area, such

as the dilution device.

The contamination of the external surface of intaals, reported by this and other studies, suggtstt protection
may be required at all stages of handling [20,188RIn our study, 5/31 intact vials were contaminatgdi® to
0.4 pg/mL gemcitabine, resulting in a contaminatrate of 16.1%. This finding reinforces the impada of
NIOSH guidelines regarding the use of EPI (glovessdgear, safety glasses and waterproof apron) wingacking
cytotoxic drugs [6].

The locations in which different studies are parfed, together with their specific features and pdares, must
also be considered, since the results obtainec@rtain location may not necessarily reflect tbeupational risk in
other facilities, where personnel characteristiosl ghe nature of occupational exposure may be fiignily
different. Although there are several internatiogizidelines and regulations for the manipulatioytbtoxic drugs,
these are not always followed by pharmacists osesjrmany of whom do not use adequate protectioipregnt,
either as a result of their working conditionspecause they are unaware of the risks to whichdhegxposed.
The method used to monitor occupational exposugetacitabine in the present study was effectivéeitecting the
contamination of material surfaces and IPE insidé autside the laminar flow. Additionally, the usgclosed-
system drug transfer devices in the preparatiothefmedication led to reduced contaminant levels,did not
entirely prevent contamination. These findings dieahow that, even when safety devices are udethase who
work with antineoplastic drugs must take speciaé @@hen handling cytotoxic medication. Individuablecollective
protective equipment should always be utilized, oy in the manipulation room, but also during tirgpacking
and handling of intact vials, since contaminatiesidue was also detected in vials upon removal fitweroriginal
packaging.
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