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SUMMARY: Occupational exposure to antineoplastic drugs (ADs) handling and administration is
one of the main risks in the healthcare sector. Dermal absorption represents the primary route of
exposure to ADs. Personal preventive equipment, especially medical gloves, is crucial to sateguard
the workers health in ADs handling; thus, chemicals permeating through protective materials is an
essential aspect to estimate and consider. Several studies on permeation through medical gloves
reported that breakthrough time and permeation rate are the values that must be studied, obser-
ving that physical-chemical properties of drugs, PPE materials and thickness, and temperature are
crucial features to estimate them. In the European Union, standardized permeation testing is not
mandatory for gloves used in ADs manipulation, in contrast with the United States, that proposed
stringent requirements in the American Society of Testing and Materials International standard
D6978-05. This review would help identify the main characteristics of the best protective glove
used by employees frequently exposed to ADs: the major aspects implicated in permeation, repor-
ted in the literature, are listed and discussed.

Key words: antineoplastic drugs, medical gloves, occupational monitoring, permeation testing,
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INTRODUCTION al., 2003). Over the life cycle of a drug - from

manufacture to transport and distribution, to use
in healthcare or homecare settings, to waste dis-
posal - workers may be exposed. Over 5.5 milli-
on workers may be exposed to hazardous drugs
(Connor et al., 2016). The International Agency
for Research on Cancer classified ADs as carcino-
genic or probably carcinogenic in humans (group
1 or 2A) (Table 1) (Connor et al., 2016). Therefore,
the ideal situation for safely handling these drugs
would be the absence of direct contact with them;
thus, the permeation of these compounds throu-
gh protective clothing must be minimized. Un-
der these circumstances, the more the guidelines
and/or international standards are restrictive, the
more healthcare workers are safe. Nevertheless,

Occupational exposure to antineoplastic drugs
(ADs) may occur in drug compounding and admi-
nistration, and it is an unpredictable risk (Harris,
1976, Falck et al., 1979, Anderson et al., 1982,
Massoomi et al., 2008). Measurable concentrati-
ons of drug contamination have been documen-
ted, through environmental studies of ADs han-
dling, even in facilities considered following the
recommended handling guidelines (Pethran et
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only in the past three decades, guidelines and re-
commendations have been established to handle
hazardous drugs safely.
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In 1981 was published one of the first articles
addressing the safe handling of ADs (Harrison,
7987). Only in 1985, the practitioners were provi-
ded with guidelines about the safe compounding
and administration of hazardous drugs (American
Society of Hospital Pharmacists, 1985). In 2006,
the American Society of Health-System Pharma-
cists revised these guidelines to raise awareness
of risks associated with handling toxic agents, lin-
ked to the advent of new technologies to mini-
mize occupational exposure (American Society of
Health-System Pharmacists, 2006). Meantime in
2004, the National Institute for Occupational Sa-
fety and Health (NIOSH) published an alert on an-
tineoplastic and other hazardous drugs, indicating
safe handling practices for all healthcare workers.
In 2016, an update of this document reported new
drugs approved by the Food and Drug Admini-
stration (FDA) (Connor et al., 2016): slightly more
than half of these new hazardous drugs are cla-
ssified as antineoplastic/cytotoxic agents. In De-
cember 2019, to minimize risk to all healthcare
workers, new regulations were released, forcing
healthcare organizations to implement the Uni-
ted States Pharmacopeia General Chapter <800>
Hazardous Drugs - Handling in Healthcare Settin-
gs safety standards (United States Pharmacopeia,
20179). In this document, worker safety measures
are reported, including wearing personal protecti-
ve equipment, even in homecare settings.

Table 1. International Agency for Research on Cancer
classification of Ads

Tablica 1. Medunarodna agencija za istraZivanje
klasifikacije raka AD-ova

International Agency
for Research on Cancer
classification group

Antineoplastic drug

Arsenic trioxide,
Busulfan, Chlorambucil,
Cyclophosphamide,
Etoposide, Melphalan,
Tamoxifen, Thiotepa

1 (Carcinogenic to
humans)

Azacitidine, Carmustine,
Cisplatin, Doxorubicin,
Lomustine, Procarbazine,
Teniposide

2A (Probably carcinogenic
to humans)

Amsacrine, Bleomycin,
Daunomycin, Mitomycin,
Mitoxantrone, Streptozotocin

2B (Possibly carcinogenic
to humans)
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Since 2004, the European community has pro-
moted the implementation of both administrative
and engineering controls among the member sta-
tes, to provide the highest protection to healthcare
workers and to guarantee the use of appropriate
and validated procedures for handling hazardous
drugs. In February 2019, modifications to Directi-
ve 2004/37/CE on carcinogens and mutagens and
their healthcare implications were approved by the
European Parliament (European Parliament and of
the council, 2019). More recently, the European
Biosafety Network has published an amendment
where is recommended a surface threshold conta-
mination for ADs of 0.1 ng/cm? (European BioSa-
fety Network, 2019). The dermal absorption is the
primary route of exposure in ADs manipulation
(Connor, 2006). Therefore, the main routes of der-
mal exposure with drugs that should be conside-
red are direct contact (manipulate vials producers
and/or pharmacological solutions in intravenous
bags) or indirect contact (as a result of touching
contaminated surfaces). The potential risk for
dermal contact can be monitored by wipe tests
in the exposed area; the biological monitoring of
workers (urine analysis) for ADs or their metabo-
lites (alpha-fluoro-beta-alanine for 5-fluorouracil)
(Dugheri et al., 2017) could provide valuable in-
formation only in critical exposure situations. In
fact, already in 2016, the recommendations listed
in “Preventing occupational exposure to cytotoxic
and other hazardous drugs. European Policy Re-
commendations” put effort into the adoption of
environmental monitoring procedures to identify
the route of releasing and spreading of the drugs,
to monitor and improve the protective measures
and equipment’s effectiveness (European BioSa-
fety Network, 2016). In addition, in January 2019,
the American Conference of Governmental Indu-
strial Hygienists introduced the Threshold Limit
Value (TLV) — the Surface Level (SL), which is a
new limit value for surface contamination.

Since the ADs handling is a high-risk process
for occupational exposure, the proper use of sa-
fety cabinets, closed-circuit transfer devices and
personal preventive equipment (PPE) are highly
recommended to minimize risks. About the latter,
medical gloves are the most important PPE, be-
cause they are a direct protection for the hands,
which are at a higher risk of exposure to ADs
(Oriyama et al., 2020). When handling cytotoxic
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drugs, they are the first line of protection, so the
choice of safer gloves must be contextualized to
the physical-chemical properties of the used ADs
and the handling time. In Europe, the medical
gloves are legally covered by the European Co-
uncil Directive 93/42/EEC, the European Standard
(EN) 455 (European committee for standardizati-
on, CEN, 2002), and the UNI EN 16523-1:2019
(UNI EN, 20179), which sustains the previous UNI
EN ISO 374-1:2018 (UNI EN, 2019). The EN
455 defines the minimum protective properties
and the quality tests designed to ascertain physi-
cal properties and macroscopic material defects.
The UNI EN 16523-1:2019 defines performance
characteristics of gloves about protection against
chemicals but do not require permeability tests for
chemotherapy drugs. In the United States, gloves
should be tested according to the American So-
ciety of Testing and Materials (ASTM) D 6978-05
(ASTM International, 2005), which is, nowadays,
the more stringent testing method for protective
gloves used in ADs handling.

From 1975 to 1999, different studies about
glove materials permeability to ADs are reported
(Thomsen, Mikklesen, 1975, Slevin et al., 1984,
Colligan, Horstman, 1990, Singleton, Connor,
1999): one of the most complete was conducted
by Connor in 1999, who carried out a permea-
bility study of 18 ADs on various glove materials
(nitrile rubber, latex, polyurethane, and neopre-
ne), identifying in exposition times, ADs physical-
chemical features and gloves thickness the crucial
aspects in ADs safe handling (Connor, 1999). This
article focused on three major themes to describe
the whole risk scenario related to ADs and their
safe handling in healthcare facilities, underlining
the significance of PPE, particularly medical glo-
ves. The main themes are i) ADs manipulation
and exposed population, ii) permeation and ADs
physical-chemical properties, iii) permeation te-
sting to ADs for medical gloves. The aims of the
authors are to detail the contexts in which ADs
are spreadly used, focusing on challenging ADs
types, medical gloves features, and workplaces.
Thus, a literature search has been conducted
considering only sources from 2000 to provide a
comprehensive view of the most recent informati-
on about medical gloves related to ADs manipu-
lation. These information could represent a valua-
ble tool to industrial hygienists and environmental

professionals to assess occupational risk related to
ADs manipulation and minimize it, starting from
the right choice of gloves.

MATERIAL AND METHODS

Due to the newer agents for cancer treatment,
new glove materials, current regulations, and
technology evolution, a computer-based scienti-
fic and non-scientific source research was perfor-
med in March 2021 on the following databases:
PubMed, Web of Science, and Google Scholar.
This research has been integrated with non-scien-
tific sources, such as manufacturer datasheets and
application notes.

RESULTS AND DISCUSSION

ADs manipulation and exposed population

The chemotherapy market is expected to re-
ach a valuation close to 56.5 billion USD by 2024
and exhibit a robust 11.5% Compound Annual
Growth Rate over the forecast period from 2019
to 2024 (Allied Market Research, 2019). More
than 100 ADs are currently used in clinical practi-
ce, among which alkylating agents, alkaloids, ant-
hracyclines, antimetabolites, topoisomerase inhi-
bitors, and aromatase inhibitors (National Cancer
Institute at the National Institutes of Health, 2021).
Moreover, the appropriate use of safety cabinets,
closed-system transfer devices, and PPE is crucial
to safeguard professionals from exposure to ADs
in the manipulation setting.

The exposed population to ADs includes ma-
nufacturing, shipping, and receiving personnel,
pharmacists, nursing and operating room per-
sonnel, home healthcare agencies, environmental
services operators, physicians, research labora-
tories, and veterinary practices (Hamscher et al.,
2010), as listed by NIOSH (Connor et al., 2016).
The handling process of antineoplastic agents
needs to be performed with care to avoid uninten-
ded exposure. For a safe workplace, it is crucial to
evaluate the contamination of indoor and outdoor
work and living environments as well as the exter-
nal surface of the vial and/or the primary packa-
ging containing the drugs. Routes of exposure for
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professionals include contact with contaminated
ampoules during manufacture, preparation, shi-
pping, and administration (especially the mani-
pulation of powdered or lyophilized ADs or con-
centrated liquid forms) (Fransman et al., 2007),
in intraoperative hyperthermic intraperitoneal
chemotherapy in the operating room (Stuart et
al., 2002, Scaringi et al., 2010), decontaminating
and cleaning drug preparation or clinical areas,
transporting infectious, chemical, or hazardous
waste containers, removing and disposing of PPE
after handling hazardous drugs or waste. Mo-
reover, the excretions of patients (urine, feces,
vomit, and sweat) may contain chemotherapy
drugs, leading to remarkable amounts of them in
urine bags, clothes, and bedding (Kromhout et
al., 2000). Patients can carry ADs in domestic
environments (Bohlandt et al., 2017), contami-
nating even soil and superficial water (Kiimmerer
et al., 2016, Dugheri et al., 2018, Mukherjee et
al., 2020).

The ten most prescribed ADs among 111
pharmacies in Germany included 5-fluoroura-
cil (5-FU), cyclophosphamide (CP), etoposide
(ETP), cisplatin, gemcitabine (GEM), carboplatin,
cytarabine, irinotecan, oxaliplatin, and doxo-
rubicin (DXR) (Berufsgenossenschaft fir Ge-
sundheitsdienst und Wohlfahrtspflege (BGW),
2008). Nowadays, about 80% of 331 oncology
wards used centralized preparation units in Italy,
with a mean volume of activity of 20,000 doses
per year, although some units administer over
40,000 (I Sole 24 ORE, 2017).

External vial contamination has been previo-
usly reported (Mason et al., 2003, Hedmer et al.,
2005, Hilliquin, Bussieres, 2020, Mucci et al.,
2020), and it seems to be a significant factor both
for direct - contact with the external surface of the
vial and/or the primary packaging — and/or indi-
rect - on surfaces where vials were placed and
handled - contamination. ADs contamination
can be present in preparation and administrati-
on units in a healthcare environment (Crickman,
Finnell, 2016, Dugheri et al., 2018). Several aut-
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hors (Sessink et al., 1997, Hedmer et al., 2005)
have demonstrated general contamination of the
work environment of persons involved in the
packaging of ADs, therefore, the contamination
of the vials themselves. To our knowledge, only
two articles reported the contamination of the
outer wall of vials (Sessink et al., 1994, Delporte
et al., 1999), showing that one of nine CP vials
was contaminated with 60 ng and one of fifte-
en methotrexate (MTX) vials was contaminated
with 15 pg. As well, in 2003, Mason et al. (2003)
monitoring 30 vials of cisplatin, carboplatin, CP,
iphosphamide (IP), and MTX, found ADs levels
of contamination up to 344 ng/vial. Furthermore,
they revealed a relatively high level of CP con-
tamination on a pair of gloves, used as PPE du-
ring sampling of vials containing IP, and that two
wipes from CP vials showed IP contamination.
These results suggested possible general CP or [P
contamination on the pharmacy shelves or cro-
ss-contamination between vials, as supplied by
the drug manufacturers. Recently, Mucci et al.
(2020) carried out wipe tests from the surface of
25 drug vials, revealing up to 0.044 ng/cm?.

Several combined industrial hygiene control
methods in a specific hierarchy represent the ba-
sic occupational health approach to minimize
exposure risks. Environmental monitoring is one
of these methods, which enables the determina-
tion of contamination trends, identifying correc-
tive measures, and increasing the awareness of
workers. Monitoring ADs surface contamination
usually involves wipe tests as an easy way to
indirectly assess dermal occupational exposure
(Mucci et al., 2020). ADs, due to their carcino-
genicity, must be handled following the As Low
As Reasonably Achievable principle; however,
environmental and equipment contamination
are generally related to their massive use. Thus,
to evaluate the minimal exposure or the reducti-
on of contamination, quantitative proofs are nee-
ded. Many studies show a variety of contaminati-
ons involving both different ADs and healthcare
occupational settings (Table 2).
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Table 2. Occupational exposure studies on environmental ADs contaminations

Tablica 2. Studije profesionalne izloZenosti oneciscenjima okolisa AD-ima

Reference

N° samples

ADs investigated

Outcome

Study findings

Kiffmeyer et al., 2013

1,269 wipe
samples

CP, docetaxel, ETP,
5-FU, GEM, IP, MTX, and
paclitaxel

61%

The four most frequently
detected substances were
CP, GEM, 5-FU, and IP,
mainly on the floor in
front of the safety cabinet,
the worktop, and the
refrigerator door.

Schierl et al., 2009

1,237 wipe
samples

74.4% (above 0.75 pg/
cm2)

In the 102 German
hospital and retail
pharmacies investigated,
the highest levels were
find on storage shelves and
floors.

Bohlandt, Schierl, 2016

3,584 wipe
samples

2,955 samples

5-FU

Cis-, carbo- and oxaliplatin

56% (0.5 pg/cm?)

82% (0.1 pg/cm?)

The highest concentration
was located on a storage
surface, but also the
biological safety cabinets
and the waste disposal
systems were strongly
contaminated.

topotecan, melphalan,
idarubicine, fotemustine,
citarabine, cis-, carbo- and
oxaliplatin

Hedmer and Wohlfar, 447 wipe CP and IP More than 70% (from | The highest surface loads
2012 samples 10 to 95 ng/cm?) were found on the floors.
349 wipe .
85% of the pharmacies i
samples CP, GEM, 5-FU, platinum o p The highest levels of CP,
. L - 5-FU, GEM, and Pt were
Sottani et al., 2017 - compounds, epirubicin, ) ally found on fl
422 wipe and DXR 93 % of outpatient care specially found on tloor
P units surfaces.
samples
CP, 5-FU, dacarbazine,
GEM, MTX, irinotecan,
vincristine, vinblastine, The highest levels were
3 749 wipe epirubicin, DXR, ETP, found on floor, biological
Dugheri et al., 2018 /samplef docetaxel, paclitaxel, 3.9% safety cabinets and syringe

pump surfaces and door
handles.

The ubiquitous contaminations could lead to
the improper exposure of workers who are not di-
rectly involved in ADs administration or prepara-
tion. Mucci et al. (2020) reported the study of 552
wipes on the spaces between the hospital exit and
the preparation, administration, and pharmacy
warehouse units to analyse the CP and IP con-
tamination and to identify the possible migration
routes of these substances: 22 were greater than
or equal to the LOQs (0.6 and 0.5 pg/cm2 for CP
and IP, respectively). Moreover, in recent years,
the chemotherapy treatment has been moved
from oncology wards to outpatient departments,
leading to a presence of the patient of only few
hours. So, patients and workers can carry ADs

contamination by dragging contamination from
hospitals to domestic environments (Thornton et
al., 2016, Huff, 2020). In addition, patients con-
tinued to excrete ADs at low levels for more than
4 days after treatment with urine, feces, and bre-
athing patterns (Yuki et al., 2013, Bohland et al.,
2017). Yuki et al. (2015) detected CP in 8 of the
12 wipe samples obtained from the homes of the
treated patients, founding higher concentration of
CP in the toilets (7.34 ng/cm2), especially on the
toilet seats.

Since 2006, the European legislation imposes
an environmental risk assessment, according to
the European Medicines Agency (EMEA) guide-
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line on environmental risk assessment of human
pharmaceuticals. In comparison, the US FDA gu-
idelines came into force in 1998. Both recommen-
dations reported that data on physical-chemical
properties, fate, and effects of drug substances are
required to evaluate the risk assessment.

Permeation and ADs physical-chemical
properties

Penetration of any compound into the body is
principally prevented by the corneal layer of the
epidermis (Boer et al., 2016). Due to its hydrop-
hobicity, the stratum corneum barrier will allow
lipid-soluble molecules to penetrate more readily
than water-soluble ones. Hydrophilic molecules,
instead, may penetrate through the openings of
sweat glands and hair follicles (Bos, Meinardi,
2000). Generally, drugs with a molecular weight
(MW) lower than 500 Dalton (Connor, 2006) are
the most inclined to dermal absorption. Some
authors have suggested that the permeation of the
compound would be increased by low MW and
high lipophilia (defined by the high logarithm of
octanol-water partition coefficient, Log P) (Oriya-
ma et al., 2020). However, the lipophilia of drugs
could, in some case, mislead estimating their per-
meability: ADs with similar Log P, as carmustine
(CAR) (Log P=1.5) and DXR (Log P=1.3) have no-
tably different permeation rate, that is most likely
due to their MW (214 and 543 Da, respectively)
(Wallemacq et al., 2006). Recently, Nalin et al.
(2020) focused on four parameters): the MW, the
Log P, the topological polar surface area and the
hydrogen bond donor. These parameters are ge-
nerally considered to have the most decisive im-
pact on the extent to which drugs overcome the
blood-brain barrier. They showed that a chemical
is more likely to overcome the blood-brain barrier
if its topological polar surface area is < 70 A?, its
hydrogen bond donor is equal to 0 or 1, its Log
P is between 2 and 4, and its MW is < 450 Da.
Nowadays, considering the introduction on the
market of new drugs, the chemical-physical con-
stants” predictivity could represent valid support
in permeation study and ADs’ risk assessment.

Permeation testing to ADs for medical gloves

The penetration of drugs concerns not only
biological barriers (skin or mucous membrane)

346

but all kinds of material, such as the different
polymers used in the manufacture of medical glo-
ves. The MW and Log P represent crucial featu-
res for ADs permeation through gloves and PPE
(Pieri et al,, 2013). Regarding the liposolubility,
analysis of drugs Log P suggests a trend toward
higher permeation rates for drugs with a high
Log P (e.g., CAR, CP, and thiotepa). In contrast,
drugs characterized by the lowest Log P values
generally have the lowest mean permeation rates
(e.g., MTX, cytarabine, cisplatin). Wallemacq et
al. (2006) reported that ADs with Log P values
> 0.5 tended to exhibit higher permeation rates
through medical gloves than those with Log P va-
lues < 0.5. In 2020, Oriyama et al. (2020) tried to
foresee the risk of permeation of the ADs through
nitrile medical gloves based on their MW and Log
P values by three zones: Zone A - high Log P/low
MW (Log P = — 1 and MW < 500), Zone B - high
Log P/high MW (Log P = — 1 and MW > 500), and
Zone C - low Log P (Log P <-1), where Zones
A, B, and C corresponded to high, moderate, and
low permeation risk, respectively.

Nowadays, the level of ADs personal protecti-
on of medical gloves by permeation testing could
be evaluated according to the American Soci-
ety of Testing and Materials (ASTM) D-6978-05
(ASTM International, 2005) or the European Stan-
dards EN 16523 (UNI EN, 2019), which propose
a permeation breakthrough limit equal to 10 ng/
(min cm?) and 1,000 ng/(min cm?), respectively.
The American requirement is more stringent, re-
flecting the potential hazards presented by ADs;
the permeation limit is set at 100th of the Euro-
pean one. The ASTM assesses the resistance of
medical gloves to permeation by chemotherapy
drugs - the tests are carried out with a minimum
of 9 ADs, 7 of which are mandatory -, while the
European Standards determines the material resi-
stance to permeation by liquid chemicals (no che-
motherapy drugs). Other significant differences lie
in test temperature and the gloves sampling area:
ASTM carries out the test at a temperature like the
body one and, not only on the palm of the glove
but even on the glove cuff, which is the thinnest
part (Cleanroom Technology, 2020). In 2019 has
been approved the US ASTM D6978-05 guideli-
ne, which shows the experimental settings to be
met for the static method but does not refer to test
the material under stress, stretch, or flex.
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Nowadays, newer agents for cancer treatment
have replaced some used previously (Guichard
et al., 2017). Furthermore, new glove materials
have emerged for handling ADs: in part becau-
se there was concern about allergic reactions to
latex-based products (Crepy et al., 2020), while
other materials, as vinyl, are dismissed due to the-
ir high permeability (Landeck et al., 2015). There
are several classes of protective glove materials:
the most common is nitrile (acrylonitrile-butadie-
ne), but also natural rubber latex (NRL), neoprene,
polyvinyl alcohol, polyethylene, polyurethane,
and polyisoprene are used in ADs manipulation.

There are many types of protective gloves
available on the market; the most widely used in
handling ADs with their main characteristics are
listed in Table 3.

In the absence of commercially available
equipment, original “home-made” systems to test
drugs permeation through PPE in static (Dinter-

Heidorn, Carstens, 1992, Connor, 1999, Boccelli-
no et al., 2010) and dynamic (Klein et al., 2003,
Wallemacqg et al., 2006, Orivama et al., 2017)
mode were conceived and designed.

The static ones consist of testing the who-
le glove external surface or specific part of it (as
the middle finger) in permeation cell-like devices
(Figure 1) (Franz, 1978). In the upper chamber,
there is an ADs solution and water in the lower
chamber as receiving solution; the glove could be
stirred and heated. The testing material is located
with an o-ring between the two chambers, and
the receiving solution is sampled and tested at an
established time.

In the dynamic system, the permeation study is
like the static one, but the tests are conducted with
the gloves, or part of them, stretched or flexed to
simulate the thinning of the materials during their
use (Colligan, Horstman, 1990).

-..Tﬂp

" Stiring bar

" Injection and
sampling port
Water out

37°C water in

Figure 1. Permeation cell test

Slika 1. Test permeacijske stanice
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Table 3.

List of commercially available powder-free medical gloves to handle antineoplastic drugs

Tablica 3. Popis komercijalno dostupnih medicinskih rukavica bez pudera za rukovanje antineoplasticnim lijekovima

Thickness
Product Producers Material [mm] Permeability Sterile Elongation at Tensile
name test break strength
Palm | Finger
Ansell
Micro-touch . i ASTM o
Nitra-tex R/chmor?d Nitrile 0.10 0.12 D6978 No 595% >14Mpa
Australia
Covidien
ChemoPlus Dublin Latex or i 0.23 ASTM No nd nd
Gloves Nitrile ’ D6978 o o
Ireland
. Kimberly
Kimtech Clarck N ASTM
Purple . Nitrile 0.14 | 0.16 No 550% 21Mpa
L Irving D6978
Nitrile
Texas
Vasco
; B.Braun Natural
Surgical ASTM
Powder- Melsungen rubber 0.21 - D6978 Yes 750% 29 Mpa
f Germany latex
ree
Cardinal
Health o ASTM o
ESTEEM Dublin Nitrile - 0.18 D6978 Yes 533% 19 Mpa
Ireland
Cypress
Medical ASTM
. - o
Syntrile Wheeling Nitrile 0.05 0.07 D6978 No 500% >18MPa
[llinois
Sterling HALYARD
o health ASTM
Nitrile Nitrile 0.07 0.09 S No 580% 35MPa
Alpharetta D6978
Exam .
Georgia
Aurelia Aurelia
ASTM
Robust Aurora Nitrile 0.10 0.13 S No 500% 14MPa
L D6978
Plus [llinois
Cranberry Int.
ASTM
Cranberry Selangor Nitrile 0.05 | 0.05 No 540-580% | 21-25 MPa
Evolve . D6978
Malaysia
Hartalega
Kual ASTM
COATS vaa Nitrile 0.07 | 0.09 No 500% 18MPa
Lumpur D6978
Malaysia
Mbolnlycke
) HC ) ASTM o
Biogel Norcross Polyisopren 0.10 - D6978 No 650% >17MPa
Georgia
Sempermed
StarMed ASTM
arvie Clearwater Nitrile - | 007 No 550% 19.7MPa
Plus Florida D6978
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As far as we know, only two studies have
compared the difference in gloves’ ADs perme-
ation according to whether they were in static
or dynamic conditions. Colligan and Horstman
(1990) tested the permeation rate of 4 ADs (CP,
DXR, MTX, 5-FU), revealing that CP had a do-
uble rate tested with the dynamic approach,
while the other drugs did not show this trend.
Furthermore, Nalin et al. (2020) revealed a per-
meation rate in dynamic mode for busulfan higher
than the US norm than in static one.

Generally, the permeation rate (P) of the AD
was determined by measuring its concentration in
the acceptor medium as:

p— (CxXV)

(txS)

where, C is ADs concentration in the acceptor
medium, V is volume of acceptor medium, t is
duration of exposure, S is surface area of the glo-
ve exposed to the ADs (Wallemacq et al., 2006).
One of the first studies using the permeation test
cell was carried out by Colligan and Horstman
(1990); they tested surgical latex, exam latex, and
polyvinyl chloride gloves with CP, DXR, MTX, and
5-FU in static and dynamic condition. The latter
was conducted thanks to special upper chamber
tops fitted with a tube connected to a manifold to
pump air on the surface of the gloves and stress it.
In 1992, Dinter-Heidorn and Carstens (7992) te-
sted in static mode latex and vinyl gloves without
a permeation cell: they divided the middle finger
of the gloves, filled with 3.3 mg/mL solution of
CAR, in stirred distilled water at room temperatu-
re and they analysed this receiving solution at 5,
10, 15, 20, 30, 45, 60, 120, 180, 240, 300, 380
minutes. More recently, a static permeation study
of Mitomycin through modern gloves materials
was conducted in two devices, the permeation
cell and a glass chamber (Korinth et al., 2007). To
better simulate a realistic condition, the test in the
glass chamber was carried out with a receiving
solution heated to 40 °C, to recreate the situation
in which surgeons touch the patient’s viscera tre-
ated with ADs solution at 40-41 °C. A new static
approach for routine permeation analysis of ADs
was adopted by Oriyama et al. (2077) and, more
recently, by Krzeminska et al. (2078): medical
gloves were placed in a modified permeation cell
(Figure 2) (Krzemifska et al., 2018), in which the
receptor solution was pumped continuously thro-

(1]

ugh the receptor chamber at a flow rate ranging
from 0,01 mL/min to 175 mL/min. The tests carri-
ed out by Oriyama et al. (2077)in this device with
five drugs (ETP, CP, DXR, paclitaxel, and 5-FU)
at the highest concentrations employed in general
clinical practice showed that for non-chlorinated
gloves, the permeation of CP and 5-FU increased
in a time-dependent manner, while the chlorina-
ted one were less permeable to CP and 5FU. In
contrast, for ETP, DXR, and paclitaxel no permea-
tion was observed through both latex gloves wit-
hin 240 minutes. For nitrile gloves, was not detec-
ted any permeation for any of the five ADs tested
at any test-time point.

Figure 2. Modlified permeation cell

Slika 2. Modificirana permeacijska stanica

Concerning the ADs permeation through pro-
tective gloves in dynamic conditions (stretching,
tension and rubbing), Wallemacq et al. (2006) pro-
posed a device equipped with a motor-driven pla-
te with 20 drilled holes containing polyethylene
tube, coated by the middle finger of a glove, with
a cytotoxic solution in it. This tube coated with the
gloves was pushed by brass shaft in a second lar-
ger tube containing a receptor solution; thus, the
glove permeability could be tested under a tension
of 350 g (Figure 3) (Wallemacq et al., 2006).

The permeability of 13 gloves (made of neopre-
ne, NRL, nitrile, and vinyl) to 13 ADs was tested
with this apparatus, showing that all materials pre-
sented permeability for at least one AD after one
hour of contact. They observed a trend toward gre-
ater permeation over time, increasing by a mean of
5-fold factor between 15 and 60 minutes, with the
more relevant increase after the first 15 minutes.
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Figure 3. Wallemacq dynamic permeation test system

Slika 3. Wallemacq sustav za ispitivanje
dinamicke propusnosti

In 2020, Nalin etal. (2020), using a permeation
system like Wallemacq, tested 27 ADs (including
Busulfan) - prepared at the highest concentrations
usually encountered by hospital personnel — on
15 gloves. They found that 35 of 495 tests did not
meet the requirements of the ASTM D6978-05:
the permeation of CAR, thiotepa, and busulfan
exceed the 10 ng/(min cm?) for several kinds of
gloves (especially nitrile ones) but, in some cases,
also docetaxel and ETP were revealed in the recei-
ving medium. In addition to the previous dynamic
studies, these experiments were carried out at 37
°C and 45 °C to mimic body temperature and pe-
ritoneal dialysis solution, respectively. However,
despite the efforts of the scientific community to
simulate a realistic situation, several parameters
that may influence the permeation process in a
non-assessable manner, such as higher skin tem-
peratures and the lipophilic character of the skin
surface, were difficult to replicate and, subsequ-
ently, to estimate their effect (Nalin et al., 2020).

Other tested factors for permeation through
gloves, apart from material, time of exposure,
temperature, and drugs physical-chemical pro-
perties, are thickness and stress (stretching and
rubbing) condition of the material and the possi-
ble interaction with solvents, as alcohols or acids.
In fact, interactions between solvents and gloves
could cause the degradation of their materials
(Landeck et al., 2015). Polar materials (polyvinyl
alcohol, nitrile) may be degraded by polar che-
micals, while non-polar substances degrade non-
polar ones (NLR, neoprene). Considering the che-
micals’ pH, Boccellino et al. (2070) showed that
DXR could penetrate nitrile gloves treated with
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an acid solution, while neither NLR nor nitrile are
permeable to neutral ones. In 2007, Mékeld et al.
(2007) indicated that 5-minutes alcohol wash did
not significantly increase the permeation of CP
or CAR through vinyl, nitrile, NLR, and chloro-
prene gloves, respect to their breakthrough times.
Differently, Capron et al. (2072) reported incre-
ased permeation of 17 ADs through 6 kinds of
gloves (neoprene, NRL, nitrile, and polyisoprene),
previously treated with an alcohol solution for 15
minutes, tested in dynamic condition. About the
thickness of the material, already in the first half
of the 1980s, several authors have suggested that
thinner gloves were characterized by a higher
compound permeation (Slevin et al., 1984). Mo-
reover, stress the glove material by stretching or
rubbing can change the materials’ properties, cau-
sing thinning and defection (Klein et al., 2003). In
early 2000, Wallemacq et al. (2006) observed the
highest resistance to permeation in gloves with a
thickness of 0.24 mm for NRL and 0.16 for nitrile,
while the neoprene one offered the higher level of
protection to permeation. However, as indicated
above, the permeation does not solely depend on
material thickness: indeed, recently, Capron et al.
(2012) reported different permeation rates for NRL
gloves of similar thickness (0.22 mm).

The permeation of ADs can be limited using
double gloves. Of great interest is the experiment
of Oriyama et al. (20717): even though the total
thickness was equal in both conditions, the use of
double glove (0.1 mm x 2) blocked the permea-
tion of CP more effectively compared to a single
glove 0.2 mm thick. Moreover, double gloves are
recommended as safer practice in handling hazar-
dous drugs (American Society of Health System
Pharmacists, 2014, United States Pharmacopeia,
2019): wearing two pairs of gloves allows the re-
moval of the outer one maintaining covered the
skin of the hand and wrist. Hence, the change
of the outer glove and the retaining of the inner
glove during any AD handling is a work practice
that consent to obtain an added protection aga-
inst skin contacts with ADs. The work phases for
which NIOSH recommends double gloves are:
spill control, cleaning, and disposal of AD wa-
ste and patient waste. It also allows single gloves
use to receive, unpack, and place ADs in storage;
however, any package that does not appear intact
should be handled with 2 pairs of chemotherapy
gloves (Power, Coyne, 2018).
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To detect smaller quantities of ADs in the
acceptor medium, the analytical part arouses
no less interest in the scientific community.
The analytical techniques to reveal the ADs in
the receiving solution are various, with different
sensitivity and selectivity: mutation tests (bacte-
rial mutation assay), conductivity, radioactivity,
Liquid Chromatography (LC), and fluorescence
(Nalin et al., 2020). Because most ADs are mu-
tagenic (Sasaki et al., 2008), their presence in
receptor solution had been detected observing
their activities on strains of Salmonella typhimu-
rium. The mutagenicity assays spot test (Connor
et al., 1984, Connor, 1999, Singleton, Connor,
7999) employed from up to 1999, is the one in-
troduced by Maron and Ames (Maron, Ames,
1983, Levin et al., 1985) with slight modificati-
ons: a paper disc wetted in receiving solution of
permeation test is placed into a plate with Vo-
gel-Bonner minimal medium, then 2.5 mL of soft
agar at 47 °C, containing 0.1 mL of a 16-hour
culture of Salmonella typhimurium, is poured
over the surface of the plate; after the solidifica-
tion, the plates were inverted and incubated (in
the dark at 37 °C for 48 hours), then the colonies
on each plate are manually counted. A dose-res-
ponse curve for AD was generated similarly for
each assay, by adding an appropriate dilution of
the drug directly to the paper. The amount of AD
on each exposed paper disc was calculated from
the number of colonies per plate by applying
linear regression analysis to the dose-response
curve. This spot test allows detecting ADs in the
order of micrograms (Matney et al., 1985).

Nowadays, LC represents an essential analyti-
cal technique to investigate traces of ADs con-
tamination of work environments (Dugheri et
al., 2018). Moreover, the development of new
analytical columns based on different types of
particles, sizes, and stationary phase chemistry
has played a key role in expanding the LC use,
especially coupled with mass spectrometry (MS),
in discerning and quantify ADs in concentrations

equal to ng/mL (Colombo et al., 2017, Dugheri
et al, 2018, Mucci et al., 2020, Dugheri et al.,
20217). Thanks to this technology, the quantifi-
cation of ADs to calculate the permeation rate
reach limits of detection extremely low, allowing
the measurement of permeation rates 90 to
10,000 times lower than the threshold set by the
US standard ASTM D-6978-05. Thus, LC-MS co-
uld represent an optimal technique to conduct
permeation study, in line with the future tighter
regulation about PPE safety (Nalin et al., 2020,
Oriyama et al., 2020).

CONCLUSIONS

In the 21 century, the healthcare sector has
been one of the most significant areas to deve-
lop the theme of chemicals permeation through
PPE, particularly ADs through protective gloves.
Among the various PPEs, the medical gloves
are the ones that come across the highest risk
of exposure to ADs during the handling proce-
ss. Therefore, the choice of appropriate gloves is
of outstanding importance: medical gloves cha-
racterized by low permeability to chemicals are
recommended to prevent healthcare professio-
nals from unintended exposure. Considering the
results of permeation studies, nitrile and chloro-
prene rubber are protective materials more effec-
tive than vinyl and NLR. Moreover, noticeable is
that the breakthrough times of each material are
affected by possible abrasion and flexing, time of
contact, and temperature, resulting in an incre-
ase of permeation. In the European Union, the
permeation test is not required for gloves used in
ADs handling, which constitutes a severe defici-
ency, while in the US, medical gloves must fulfill
the ASTM standard D 6978-05. Thus, to facilita-
te safer chemicals handling and avoid potential
hazards and late sequelae, general guidelines to
evaluate appropriate materials and define quality
standards for PPE must be introduced and stan-
dardized, continuously updating them with the
newest chemicals and PPE materials.
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AZURIRANJE PODATAKA O PROZIMANJU ZASTITNIH
MEDICINSKIH RUKAVICA ANTINEOPLASTICNIM LIJEKOVIMA

SAZETAK: Radna izlozenost rukovanju i primjeni antineoplasti¢nih lijekova (AD) jedan je od
glavnih rizika u zdravstvenom sektoru. Kozna apsorpcija predstavlja primarni put izlaganju AD-
ima. Osobna preventivna oprema, posebno medicinske rukavice, presudna je za zastitu zdravlja
radnika u radu s AD-ima; prema tome, kemikalije koje prodiru kroz zastitne materijale bitan
su aspekt za procjenu i razmatranje. Nekoliko studija o prozimanju kroz medicinske rukavice
izvijestilo je da su vrijeme proboja i brzina prodiranja vrijednosti koje se moraju proucavati,
primjecujuci da su fizicko-kemijska svojstva lijekova, OZO materijali i debljina i temperatura
klju¢ne znacajke za njihovu procjenu. U Europskoj uniji, standardizirano ispitivanje prozimanja
nije obvezno za rukavice koje se koriste u manipulaciji ADs, za razliku od Sjedinjenih Drzava
koje su predlozile stroge zahtjeve u medunarodnom standardu D6978-05 Americkog drustva
za ispitivanje i materijale. Ovaj pregled pomogao bi identificirati glavne karakteristike najbolje
zastitne rukavice koju koriste zaposlenici Cesto izlozeni AD-ima: glavni aspekti ukljuceni u
prozimanje, priopceni u literaturi, navedeni su i raspravljeni.

Klju¢ne rijeci: antineoplasticni lijekovi, medicinske rukavice, nadzor rada, ispitivanje

prozimanja, povrsinska kontaminacija, zdravlje na radu

Pregledni rad
Primljeno: 24.5.2021.
Prihvaceno: 23.8.2022.

357





