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The occupational health and safety risks 
associated with exposure to cytotoxic agents 
are well established (Guillemette et al, 2014). 

In response to these risks, pharmaceutical companies 
began to develop special devices in the 1990s for the 
safe preparation and administration of cytotoxic and 
hazardous drugs. These include closed-system drug 
transfer devices (CSTDs).

The International Society of Oncology Pharmacy 
Practitioners (ISOPP) (2007) stresses the importance of 
clearly defi ning CSTDs, with a clear distinction between 
a CSTD used to prevent microbiological contamination 
and one used to prevent chemical contamination. With 
regard to microbiological contamination, the concern is 
purely the introduction of microorganisms into a sterile 
product, whereas chemical contamination is concerned 
with environmental contamination by the hazardous 
drug. In cytotoxic chemotherapy reconstitution, both 
microbiological contamination and hazardous drug 
containment are paramount (ISOPP, 2007).  

Abstract
There is a lack of research and consensus on 
the long-term risks of occupational exposure to 
monoclonal antibodies. There is, however, some 
risk to health professionals who are involved in 
their preparation and administration. This article 
discusses the use of closed-system drug transfer 
devices to minimise exposure, and touches on the 
importance of aseptic techniques, personal protective 
equipment, and appropriate education and training 
for health professionals

The National Institute for Occupational Safety and 
Health (NIOSH) (2004) defi nes a CSTD as one that 
mechanically prohibits the transfer of environmental 
contaminants into the system and the escape of 
hazardous drugs, including vapours, from the system, 
protecting both the product and health professional 
(King et al, 2014). 

A CSTD is a medical device, which is a healthcare-
agency regulated device that has been tested to 
predefi ned operating standards. It minimises the risk 
of leaks and spills when preparing and administering 
hazardous drugs by incorporating a number of safety 
features to protect the operator from exposure to 
hazardous drugs, maintain the sterility of the product 
being handled and prevent contamination of the 
nearby environment (Power and Polovich, 2011). CSTDs 
allow for the containment of aerosolised or vaporised 
drugs while limiting the potential for direct skin 
contact or inhalation from inadvertent release of the 
drug into the environment (Figure 1). 

The use of CSTDs during the preparation of cytotoxic 
drugs has been shown to be highly effective in reducing 
surface contamination within pharmacy aseptic 
manufacturing areas (Siderov et al, 2010). This, in turn, 
has led to reduced contamination on the outer surface 
of the infusion bags, resulting in less occupational 
exposure for nurses administering these hazardous 
drugs (Vyas et al, 2014). According to Kopp et al (2013), 
signifi cantly less surface contamination was detected 
in the therapy room if administration of cytotoxic 
drugs was carried out using a CSTD. Use of a CSTD 
also resulted in a reduction in leaks, disconnection and 
needle-stick injuries (Wick et al, 2003; Kopp et al, 2013). 
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Preparation and handling 
of monoclonal antibodies
There is a dearth of information on the potential risks 
of exposure from monoclonal antibodies (MABs), as 
they do not fulfi l hazardous drug criteria by NIOSH 
(2014) (Table 1) and are not required to be evaluated for 
carcinogenicity or genotoxicity (Langford et al, 2008; 
Alexander et al, 2014a; King et al, 2014). As a result 
of this classifi cation, MABs are no longer considered 
hazardous, except those conjugated to cytotoxic agents 
or radioisotopes (NIOSH, 2014).

MABs differ from traditional cytotoxic drugs in their 
physiochemical, pharmaceutical and pharmacological 
properties (King et al, 2014). Their development and 
use in oncology and other diseases and conditions, 
including rheumatoid arthritis, multiple sclerosis, 
Crohn’s disease, and also in the prevention and 
treatment of organ transplantation rejection has 
exploded over the past decade, with more than 100 new 
MABs now in development or undergoing regulatory 
review (King et al, 2014). 

However, there is uncertainty among health 
professionals regarding the risk of exposure to these 

drugs and a lack of consensus in the standards and 
guidelines, resulting in wide variation in safe handling 
practices (Brydon, 2010; Pan Birmingham NHS Cancer 
Network, 2012; Clinical Oncology Society of Australia, 
2013; Alexander et al, 2014a). Exposure to a hazardous 
drug can occur through dermal absorption, inhalation, 
oral absorption and injection. This has implications for 
health professionals involved in the preparation and 
administration of these drugs (Table 2).

According to King et al (2014), the risk associated with 
dermal absorption of MABs is generally regarded as low, 
owing to the molecular size of the drugs. The molecular 
size limit of drugs for transdermal delivery is typically 
less than 500 daltons (Da) and the molecular size of 
MABs is in excess of 140 kilodaltons (kDa). However, 
health professionals with damaged skin may be at 
increased risk (King et al, 2014). 

Local and systemic absorption of MABs via inhalation 
of aerosolised formulation has been demonstrated in 
animal models. However, the likelihood of producing an 
aerosol with the required physical characteristics in a 
healthcare setting is limited. Inhalation of aerosolised 
MABs may be considered to be a potentially viable route 
of internalisation, with unquantifi ed and indeterminate 
effects (Halsen and Krämer, 2011). 

Oral exposure may occur in the workplace setting, with 
hand-to-mouth contamination being the most likely 
scenario, although it is generally agreed that the risk is 
low as MABs are broken down in the gut with resultant 
poor absorption (Halsen and Krämer, 2011). 

Figure 1: CareFusion closed system device Table 1: De� nitions of hazards
Carcinogenicity Can cause cancer in animals 

or humans

Genotoxicity Ability to cause genetic changes 
or mutations

Teratogenicity Fetal defects or malformation

Reproductive toxicity Fertility impairment

Organ toxicity Serious organ toxicity at low doses

Source: NIOSH, 2014

Table 2: Routes of exposure
 › Inhalation
 › Dermal absorption
 › Ingestion
 › Injection 

Source: NIOSH, 2004
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In their literature review on occupational exposure to 
MABs, King et al (2014) discovered a limited number 
of published papers and eight guidelines on the 
handling of MABs. They concluded that there are 
risks associated with occupational exposure to MABs 
that need to be considered during preparation and 
administration, as no maximum acceptable levels for 
internal exposure are known. Langford et al (2008) 
noted that MABs have the potential to cause allergic 
and immunogenic reactions.  

Health professionals involved in the preparation of MABs 
have the highest risk of occupational exposure (King et 
al, 2014). There is a theoretical risk of internalisation 
with exposure to any formulations (i.e. powder, liquid 
or lyophilised products) via mucosal, inhalation and 
oral routes. However, some MABs require complex 
manipulations by experienced staff with suffi cient 
training in aseptic techniques, product knowledge 
and specifi c instructions regarding reconstitution 
and mixing, thereby reducing levels of microbial 
contamination in aseptically prepared parenteral 
medications (Alexander et al, 2014a). 

The implication in many studies is that complex or 
numerous manipulations in the preparation of MABs 
may increase error and exposure risks to health 
professionals, as well as the risk of contaminating the 
product itself (King et al, 2014). MABs vary in complexity, 
from ready-to-use formulations to those requiring more 
than 20 manipulations. A number of these drugs have 
special instructions that need to be followed, including 
not to shake, and directing the diluents into or away 
from the powder. In busy oncology units, nurses may 
not have the time or training to perform these complex 
procedures correctly (Alexander et al, 2014a). Complex 
preparations infrequently performed or performed by 
inadequately trained personnel may present risks to 
health professionals (King et al, 2014).

Recommendations for the preparation 
and administration of MABs
MABs vary in biological activity, structure and 
formulation; therefore, it is recommended that 
guidelines are in place for their preparation and 
administration, with each drug looked at individually 
and a risk assessment undertaken (Langford et al, 2008; 
South East London Cancer Network NHS, 2011; Pan 
Birmingham Cancer Network NHS, 2012; Alexander et al, 
2014b). Based on this assessment, MABs are classifi ed 
as having either a low-level or high-level risk, which will 
guide health professionals in the precautions required 
for their safe preparation and administration. Safe 

handling procedures should also be stratifi ed according 
to the health professional’s role (i.e. preparation, 
administration, transportation and disposal) and any 
specifi c healthcare consideration (e.g. pregnancy) 
(Alexander et al, 2014b). 

All staff involved in the preparation and administration 
of MABs should be competent in aseptic transfer 
techniques and should have the required training on the 
specifi c manipulations involved in the reconstitution 
of MABs. Health professionals’ competence should be 
assessed annually and adherence to recommended 
guidelines monitored. In a survey of 2069 health 
professionals involved in the administration of 
antineoplastic drugs, Boiano et al (2014) found that 
many oncology nurses were not following safety 
guidelines, thereby increasing their short- and long-term 
health risks. Guidelines recommend the use of gloves, 
respirator masks and eyewear during the preparation 
and administration of MABs to reduce exposure 
(Langford et al, 2008; Alexander et al, 2014b). Any 
MABs conjugated to a cytotoxic agent are considered 
hazardous and must be prepared and administered 
using strict cytotoxic guidelines (Health and Safety 
Executive (HSE), 2013a; Alexander et al, 2014b). 

Several steps in the preparation of anti-cancer drugs 
create conditions that may allow the escape of the drug 
into the compounding room, as well as onto the work 
surfaces of the biological safety cabinets (BSCs) (Table 3). 
In the UK, positive and sometimes negative pressure 
isolators are used. A common source of contamination 
is the formulation of aerosols resulting from pressure 
differentials between the inside of the drug vial and the 
room (ambient air pressure). An aerosol forms when the 
vial membrane is punctured and the air pressure within 
the vial quickly equalises with ambient air pressure. The 
resultant aerosol settles on work surfaces and in the 
immediate environment (Miyake et al, 2013). 

Numerous published studies have shown CSTDs to 
reduce this environmental contamination (Wick et al, 
2003; Harrison et al, 2006; Sessink et al, 2013; Clarke and 
Sessink, 2013; Kopp et al, 2013; Vyas et al, 2014). Isolator 
cabinets are not required, but strict aseptic techniques 
should be used during preparation. In traditional 
compounding with needles and syringes, leakage was 
evident around the drug vial septum, the disengaged 
needle and the point of injection into the intravenous 
(IV) bag (Power, 2013) (Figure 2). The HSE (2013b) 
recommends the use of needle-free equipment, if it is 
available, in order to minimise the risk of accidental 
injury to health professionals. 
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The Australian guidelines do not require the use of 
CSTDs for the preparation and administration of 
MABs, but they do acknowledge that these devices can 
reduce operator exposure and product contamination 
(Alexander et al, 2014b). Some UK guidelines, however, 
recommend the use of CSTD during preparation (Pan 
Birmingham Cancer Network, 2012). The practice of 
preparing MABs using full cytotoxic precautions is not 
supported by major occupational health and safety 
organisations, owing to the low risk of internalisation 
(Alexander et al, 2014a). In a survey of health 
professionals across Australia involved in the handling 
and administration of MABs, Alexander et al (2014a) 
found that most MABs were handled according to 
cytotoxic drugs standards and often in the absence of 
formal guidelines. Despite the limited evidence and lack 
of consensus in the guidelines on the safe handling and 
administration of MABs, many authors recommend 
that health professionals have appropriate training 
and education, adhere to safe handling procedures 
using appropriate personal protective equipment (PPE) 
and CSTDs, in order to reduce their risk of exposure 
(South East London Cancer Network NHS, 2011; Pan 
Birmingham Cancer Network NHS, 2012; King et al, 2014; 
Alexander et al, 2014b).

In many healthcare systems, CSTDs are playing an 
increasing role in drug administration in an effort to 
reduce potential occupational exposure to hazardous 
drugs, particularly the reduction of aerosol production, 
which is a major cause of occupational exposure to 
MABs. CSTDs are needle-free systems that provide 
secure connections, thereby reducing the risk of needle-
stick injury during the administration of hazardous 
drugs. They have also been shown to decrease leakage 

and reduce the risk of disconnection associated with 
traditional methods of administration (needles, syringes 
and unprotected intravenous (IV) ports) (Power, 2013; 
Vyas et al, 2014). Every effort should be made to reduce 
exposure in the workplace environment; this includes 
the use of CSTDs as well as other safe handling 
precautions for MABs deemed to be of high risk (Halsen 
and Krämer, 2011; Vyas et al, 2014).

Advantages of CSTDs
The major advantage of CSTDs is the reduction 
of aerosols during the preparation process, which 
is generally considered to be the major cause of 
occupational exposure to MABs (King et al, 2014). 
Since the introduction of the CSTD, a body of evidence 
has surfaced on their effi cacy, particularly with 
regards to the preparation and administration of 
traditional cytotoxic drugs. Numerous published 
reports have described the effectiveness of CSTDs in 
decreasing surface contamination and exposure to 
health professionals following their introduction into 
clinical practice. These devices reduce work surface 
contamination, aerosol production and occupational 
exposure to staff handling hazardous drugs (Wick et 
al, 2003; Harrison et al, 2006; Sessink et al, 2013; Clarke 
and Sessink, 2013; Kopp et al, 2013; Vyas et al, 2014). 
NIOSH (2004) and the American Society of Health-

Figure o1 Figure p

Figure p1

Figure q1

Figure q

Figure 2: Fluorescence demonstrating contamination 
by hazardous drugs during preparation 

Table 3: Activities that increase the risk 
of exposure to hazardous drugs
 › Reconstituting powdered or lyophilised drugs
 › Withdrawal of needle from drug vial
 › Drug transfer using syringes
 › Breaking open vials
 › Expulsion of air from a drug-� lled syringe
 › Generating aerosols during administration, either 
by direct intravenous (IV) push or IV infusion

 › Priming the IV set with a drug-containing solution
 › Handling bodily � uids or contaminated clothing, linen, 
dressings and other materials

 › Coming into contact with measurable concentrations 
of hazardous drugs

 › Decontaminating and cleaning drug preparation 
and clinical areas

 › Transporting infectious, chemical or hazardous 
waste containers

 › Handling contaminated waste generated during 
preparation or administration

 › Removing and disposing of PPE after handling hazardous 
drugs or waste 

Source: NIOSH, 2004; Power, 2013
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Systems Pharmacists (ASHP) (2006) recommend the use 
of CSTDs when preparing and administering cytotoxic 
drugs, in addition to the use of PPE, in order to reduce 
occupational exposure to hazardous drugs.

Sánchez-Rubio et al (2012) demonstrated that CSTDs 
protect against occupational exposure and save time in 
the processing of chemotherapy. Edwards et al (2013) 
demonstrated the advantage of cost savings as a result 
of reduced drug waste when CSTDs were used, as 
these systems can maintain sterility for 7 days, thereby 
allowing for unused portions of vials to be salvaged. 

In the UK, however, the use of a device to retain partial 
vials for longer than a session is not recommended.

Types of CSTDs
Several CSTDs are marketed for use with cytotoxic 
agents (Power, 2013). Examples include:

 › PhaSeal (BD Medical)
 › Texium (Carefusion)
 › OnGuard (B Braun Medical)
 › Equashield (Equashield Medical)
 › ChemoClave Genie and Spiros (ICU Medical).

In a comprehensive review of available CSTDs, Power 
(2013) concluded that CSTDs provide better protection 
from hazardous drug exposure than traditional 
techniques. However, exposure is not completely 
eliminated. Therefore, these should be used in 
conjunction with, rather than as substitutes for, other 
safe handling measures, including PPE and BSCs.

The BD PhaSeal CSTD has been validated by 30 
independent published studies (Rudd and Rushworth, 
2012). Wick et al (2003) and Favier et al (2012) described 

the use of PhaSeal, which is a closed double-membrane 
system with four basic components. It consists of an 
infusion adapter, which is the connection between the IV 
bag and dedicated IV set, allowing for sealed transfer of 
medication to the bag. 

A connector Luer lock provides a sealed connection 
between the injector and the IV administration set. 
An injector Luer lock is an encapsulated, specially cut 
cannula that is permanently attached to the syringe 
and allows sealed transfer of medication by means of a 
double elastomeric membrane, as well as a protector unit 
pressure-equalising device that permanently attaches 
to the medication vial and prevents overpressure 
and vacuum. The use of this CSTD reduced surface 
contamination and exposure of health professionals to 
cytotoxic drugs (Wick et al 2003; Zock et al, 2010; Favier 
et al, 2012).

Rudd and Rushworth (2012) described the introduction 
of the CSTD Tevadaptor, which was later withdrawn from 
the market due to unspecifi ed commercial reasons, and 
the BD PhaSeal system at NHS Highland, and found that 
introduction of the BD PhaSeal improved patient care, 
reduced costs and minimised occupational exposure. The 
ChemoClave oncology preparation and delivery system 
includes the Genie closed vial access device, Spiros 
closed male connector and the access device, IV bag 
and Clave connector (Zock et al, 2010). The CareFusion 
Chemo Safety System is an end-to-end CSTD that 
allows for the safe administration of cytotoxic drugs. It 
is designed to prevent the escape of hazardous drugs 
from vials, bags, tubing and syringes during preparation 
and administration. It includes Texium, a needle-free 
closed male Luer that attaches to SmartSite needle-free 
connectors to form a CSTD (Figures 3 and 4).

The EquaShield system uses a double membrane for 
drug transfers to ensure dry connections. The unique 
syringe is airtight and contains two chambers—the distal 
chamber for air and the proximal for liquid. Likewise, 
the connector has two needles to allow for air and liquid 
exchange. The air contained behind the plunger of the 
syringe (distal) is transferred into the drug vial when 
liquid drug is withdrawn into the syringe (proximal). The 
use of this system eliminated surface contamination 
(Clarke and Sessink, 2013). When evaluating CSTDs, 
clinicians and healthcare facilities need to take into 
consideration several factors to determine which system 
is right for them (Table 4). 

Some studies have demonstrated equivalent levels 
of protection among CSTDs when operated properly 

Figure 3: CareFusion closed-system device
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(Zock et al, 2010). Therefore, other attributes should 
be assessed, including ease of use, safety and cost. 
It is important that the device manufacturer clearly 
indicates whether its device covers all steps in the 
preparation and administration process, demonstrates 
studies that show the reduction and/or elimination of 
environmental contamination and specifi es whether 
the device retains its closed characteristics when more 
than one vial is used (ISOPP, 2007). CSTDs should be 
regulatory-approved and compatible with hazardous 
drugs (Easty et al, 2013).

Conclusion
The preparation and administration of MABs should 
only be performed by health professionals who have 
been appropriately educated and trained, and deemed 
competent in their use. There is a lack of research 
and consensus on the long-term risks associated 
with occupational exposure to MABs. However, most 
of the published research alludes to a theoretical 
risk of exposure, particularly for staff involved in 
their preparation. 

The use of CSTDs, as well as the adherence with strict 
aseptic techniques and use of PPE, will help to reduce 
occupational exposure for health professionals.

Table 4: Choosing a CSTD
Factors to consider when choosing a CSTD
 › Containment—how does the device work?
 › Storage location and space requirements—how many 
components does the device have?

 › Ease of use
 › Ergonomics—consider the device’s potential impact 
on increasing the risk of repetitive strain injury

 › Amount and cost of waste—minimal waste will have a 
bene� cial impact on operational costs

 › Product cost
 › Compatibility—make certain the device is compatible 
with other technologies, e.g. infusion pumps and the 
hazardous drugs used

 › Work� ow—how does the product � t into the work� ow 
of pharmacists and nurses?

Source: Szlaczky and Smith, 2014

Figure g1

Figure h

Figure h1

Figure 4: CareFusion closed-system device device 
with Texium closed male leur

Good practice points
 › MABs are rapidly emerging in clinical practice
 › The risks associated with long-term exposure 
to health professionals handling MABs have not 
been established

 › Comprehensive and ongoing education and 
training for all staff involved in the preparation 
and administration of MABs is recommended and 
precautionary principles must be followed

 › A risk assessment should be performed on each 
MAB, with guidelines in place recommending 
minimum safe handling requirements to protect 
health professionals

 › Use of a closed-system drug transfer device (CSTD) 
has been shown to reduce exposure and provide 
better protection than traditional techniques using 
needles and syringes
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