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Executive Summary 

 
Regular occupational exposure to hazardous medicinal products (HMPs) can have significant 

and often life changing health impacts on up to 12.7 million EU healthcare workers, 

including cancer, leukemia and miscarriages. 

 

The 2021 European Commission study identifies nurses as the largest single occupational 

group that is exposed to HMPs at 40%, followed by technicians at 11% and pharmacists at 

9%. 

 

Implementing prevention measures, and in particular prioritising and requiring the use of 

closed systems, reduce and prevent contamination and occupational exposure to HMPs and 

hazards to human health. 

 

HMPs must be clearly identified to prevent occupational exposure and currently the ETUI list 

of HMPs is the best means to do so, pending the EU indicative list of HMPs due by 5 April 

2025. 

 

In March 2022, the European Parliament and the Council confirmed for the first time that 

HMPs are included in the scope of the new Carcinogens, Mutagens and Reprotoxic 

substances Directive (CMRD) 2022. 

 

The European Parliament and the Council defined HMPs as substances which meet the 

criteria for classification as carcinogenic (categories 1A or 1B), mutagenic (categories 1A or 

1B) or reprotoxin (categories 1A or 1B) in accordance the EU Classification, Labelling and 

Packaging Regulation. 

 

This means that, for the first time, all the legal requirements and prevention measures of the 

CMRD 2022 apply to HMPs as known or presumed to have Carcinogen, Mutagenic or 

Reprotoxic (CMR) potential for humans. 

 

All EU Member States are now required to transpose all the legal requirements and 

prevention measures of CMRD 2022 into their national legislation by 5 April 2024. 

 

The specific legal articles and prevention measures contained in the CMRD apply the 

hierarchy of controls to all category 1A or 1B CMR HMPs and specifically closed systems as 

engineering controls before even considering the use of administrative controls or PPE. 

 

Legally, this means that from 5 April 2024 all EU member states and employers must ensure 

that HMPs are manufactured and used in a closed system, following a risk assessment and 

where the HMP cannot be replaced. 

 

In the life cycle of HMPs from manufacture to disposal, as set out in the European 

Commission Guidance for the Safe Management of HMPs at work 2023, a closed system in 

healthcare means the use of biological safety cabinets (BSCs), containment isolators and 

closed system transfer devices (CSTDs).  

 

Isolators and BSCs are effective in preventing contamination and occupational exposure in 

the preparation of HMPs in the pharmacy, whilst CSTDs are effective across the whole life 
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cycle of HMPs and across all therapeutic groups and in particular in the administration of 

HMPs on the wards. 

 

Hospital pharmacists across Europe believe that CSTDs offer the most effective way to 

protect workers from potential exposure to HMPs and when used in combination with BSCs 

and isolators. 

 

CSTDs are proven to reduce exposure to HMPs and should be used in the whole life cycle of 

HMPs. 

 

Employers should apply performance testing to choose the best CSTD to prevent the risk of 

occupational exposure of workers to HMPs. 

 

Automation and robotics in the compounding of HMPs is revolutionising the safety, quality 

and efficiency in handling HMPs and preventing occupational exposure. 
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1  Hazards to human health due to occupational exposure to HMPs 

Hazardous medicinal products (HMPs) are substances or drugs which are hazardous to human health 

due to their classification as potentially carcinogenic (causing cancer), mutagenic (mutating genetic 

material) and reprotoxic (interfering with reproduction). HMPs have a multitude of often overlapping 

therapeutic uses in both humans and animals, including cancer treatment as cytotoxic/cytostatic or 

antineoplastic drugs, as antivirals, hormones, vaccines, antibiotics, immunosuppressants and in organ 

transplantation.  

Carcinogenic, Mutagenic or Reprotoxic (CMR) substances are chemical substances of specific 

concern due to the long term and serious effects that they can and do have on human health and, in 

particular, those workers who are occupationally exposed to them, usually on a regular, long-term 

basis without adequate prevention measures in a hierarchy of control as required under legislation 

governing the risk management of hazardous substances – the Carcinogens, Mutagens and Reprotoxic 

substances Directive (CMRD) 2022. Threshold levels of exposure to HMPs cannot be predicted and it 

is therefore difficult to establish limit values so contact with HMPs should be avoided at all levels.  

HMPs usually require individual manipulation for each patient prior to being administered as 

infusions or bolus injections but others can be administered orally, and some are ready-to-use. This 

manipulation may lead to errors, spillages, sharps injuries, aerosolisation and contamination of the 

workplace environment, which all pose clear health risks to workers, who could be exposed through 

dermal, mucosal, oral absorption and airborne transmission. While patients receive concentrated doses 

of a limited number of HMPs for a defined period of time, workers may be exposed to small doses of 

a broad range of hazardous medicinal products over decades, with some workers being exposed every 

day, year after year (Leso et al. 2022; ETUI 2022).  

Some of the acute health impacts of exposure to HMPs include hair loss, taste disturbances, 

headaches, reproductive disorders, miscarriages, infection and respiratory disease for both female and 

male workers and cancers. Often, the effects of exposure may be subclinical and long term and not be 

evident for years or generations of continuous exposure. As cancer often takes decades to emerge, a 

case of breast cancer or leukemia diagnosed in a nurse or in a pharmacist today might be the result of 

workplace exposure to HMPs starting in the 1980s (Vencovsky et al. 2017; Musu and Vogel 2018). 

Increased genetic damage has been demonstrated in nurses, particularly in day hospital nurses, the 

group handling the highest number of HMPs during the administration process. Studies show that 

hospital workers who handle cytotoxic drugs are three times more likely to develop malignancy 

(Petralia et al. 1999; Polovich and Gieseker 2011; Skov et al. 1992; Martin 2015) and that nurses 

exposed to cytotoxic drugs are twice as likely to miscarry (Lawson et al. 2012). Furthermore, hospital 

workers can develop chromosomal abnormalities as a result of occupational exposure to hazardous 

drugs (Roussel et al. 2017), with an increased risk when handling alkylating drugs (McDiarmid et al 

2010). 

In addition to posing a threat to healthcare professionals and workers, exposure of patients, visitors 

and family members (Yuki et al. 2013) can occur just by coming into contact with contaminated work 

surfaces, clothing items, medical equipment, patient excreta and other surfaces (Viegas et al. 2017). 

Since an increasing number of patients are now treated at home, HMPs can present a threat also to 

family members and those who are working in the home, such as community nurses, carers, cleaners 

and housekeepers. 

Every year more than 12.7 million healthcare workers in Europe are potentially exposed to 

carcinogenic, mutagenic and reprotoxic HMPs (ETUI 2020). Exposure to HMPs could thus cause 

thousands of additional deaths from cancer (breast and haematological being the most prevalent in 

exposed workers in the European Commission study in 2021) and tens of thousands more 
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miscarriages, fertility problems and congenital disabilities each year in healthcare workers, patients 

and their carers (Nyman et al. 2007; Ratner et al. 2010; National Toxicology Programme 2019) if 

workers are exposed without the proper protection.    

The European Commission study on HMPs published in March 2021, estimated that there are almost 

1.8 million workers exposed to HMPs in the EU (European Commission 2021).  However, the study 

also says that such estimates of exposure and the consequent health burden are subject to uncertainty. 

Thus, given the conservative assumptions which the researchers used in narrowly defining those 

exposed and the consequent health impacts, the actual numbers are likely to be much higher and are 

rising. The study identifies nursing professionals as by far the largest single occupational group that is 

exposed (40%), followed by medical and pathology laboratory technicians (11%) and pharmacists 

(9%). 

Awareness of the problem is increasing with greater use of HMPs, the development of new drugs such 

as monoclonal antibodies, with more cancer and other health conditions diagnosed and treated and an 

ageing population, and new and better technology to protect workers from exposure, including the 

increasing use of closed system transfer devices (CSTDs) and compounding automation or robotics. 

Monoclonal antibodies conjugated with a cytotoxin are to be considered as cytotoxic, and it is still 

unclear whether unconjugated forms are hazardous and whether they can present risks for patients 

(Bauters and Vandenbroucke 2019) but the precautionary principle should be applied to them as well. 

Advances have been made in recent years with compounding automation or robotics for HMPs but 

most still rely on needles and syringes to perform the drug transfer steps. As with the use of needle 

and syringes, which should be prohibited in the preparation and administration of HMPs, there is still 

risk of contamination inside the robotic enclosure and on the final preparation that is handled by 

healthcare workers. Studies have confirmed that contamination is present on doses prepared in the 

robotic devices and on the gloves of the operators (Schierl et al. 2016; Krämer et al. 2018). 
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2  Identification of HMPs – the ETUI’s list of HMPs 

In order to apply the necessary prevention measures in the workplace to HMPs - and comply with the 

legal obligations in the CMRD 2022 as transposed into national law in each member state of the EU 

by 5 April 2024 - HMPs should be identified by the manufacturer and labelled using a recognised 

symbol with the provision of a safety data sheet (SDS) but this does not happen consistently. Thus, 

the only way to ensure the proper and consistent identification of HMPs, especially where they are not 

identified by labels on product packaging or in SDSs, is for employers to consult and utilise existing 

national, regional or local lists and databases of HMPs in order to protect workers from occupational 

exposure. 

In October 2022, the European Trade Union Institute (ETUI) published a report entitled ‘The ETUI’s 

list of hazardous medicinal products (HMPs)’ (ETUI 2022). This ETUI list is currently the only one in 

Europe that identifies which HMPs fall under the legislative scope of the CMRD in Europe, so that 

employers and workers know which specific HMPs the EU and national law and EU guidance now 

apply to and require the use of closed systems, one year ahead of the Commission’s indicative list, to 

be published by April 2025. 

The ETUI list of HMPs is based on the new definition of HMPs in the CMRD 2022, which is 

replicated in the European Guidance (European Commission 2023), meaning HMPs (with a 

harmonised classification or a self-classification) containing one or more substances that meet the 

criteria for classification as category 1A or 1B CMRs set out in Annex VI to the EU 

Classification, Labelling and Packaging (CLP) Regulation (Regulation (EC) No 1272/2008), all 

available in the Classification & Labelling Inventory of the European Chemical Agency (ECHA).1 

121 HMPs are included in Annex I of the ETUI list that fall strictly within the scope and definition of 

HMPs in the CMRD and the EU Guidance 2023. The ETUI list identifies a further 47 HMPs in Annex 

II that meet the criteria for classification as category 2 CMRs which do not fall strictly under the 

scope of the CMRD 2022 but should be treated in the same way as HMPs listed in Annex I to prevent 

occupational exposure of workers. All the HMPs listed in the ETUI list are authorised medicines in at 

least one Member State of the EU, according to the EMA national registers of authorised medicines, 

accessed on 22 July 2022.  

The revised EU legislation (CMRD 2022) in Article 18a published in March 2022 also requires the 

European Commission to develop a formal definition for HMPs and establish an indicative a list of 

HMPs for Europe that are Carcinogens, Mutagens or Reprotoxic substances (CMRs) based on their 

classification as categories 1A or 1B no later than 5 April 2025. This work is underway under the 

auspices of the Advisory Committee of Safety and Health and its chemicals working group and should 

be completed by the deadline which is one year away currently. It is highly unlikely that the final 

definition will vary from that published in March 2022, above, and also the work on the new 

indicative list of HMPs will be based on the European Trade Union Institute (ETUI) list of HMPs 

published in October 2022, probably with some additional new substances. 

In the meantime, over the next year, the application of the European Guidance 2023 and definition of 

HMPs and hierarchy of controls in the CMRD 2022 to the drugs identified in the ETUI list will help 

prevent future occupational exposure in millions of workers across the EU. 

 

 

 
1 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008R1272     

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008R1272
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3  EU Guidance for the safe management of HMPs at work 2023 
 
The EU legislation published in March 2022 also required the European Commission to prepare 

guidelines for the preparation, administration, and disposal of HMPs no later than 31 December 

2022.2 ‘Guidance for the safe management of hazardous medicinal products at work’ was published 

on 28 April 2023 (European Commission 2023).   

The new EU Guidance 2023 is broader and more holistic than its EU, national or local predecessors 

and innovative in that it recommends prevention measures which are extended to all types of 

organisation and at all stages throughout the life cycle of HMPs, from manufacture to disposal, 

including the administration on wards as well as preparation in the pharmacy, but also in social care 

and home care and veterinary settings. The enhanced focus on the use and administration of a broader 

range of HMPs (not just in oncology) mainly by nurses is important as the EU Study 2021 identified 

nurses as the largest single occupational group exposed to HMPs (40%), followed by medical and 

pathology laboratory technicians (11%) and pharmacists (9%).  

Life cycle of HMPs (EU Guidance 2023) 

 

The European Commission Guidance 2023 provides practical examples for reducing workers’ 

exposure to hazardous medicinal products (HMPs) across all lifecycle stages: production, transport 

and storage, preparation, administration to human patients and animal patients as well as waste 

management. 

 
2 https://osha.europa.eu/en/publications/guidance-safe-management-hazardous-medicinal-products-work  

https://osha.europa.eu/en/publications/guidance-safe-management-hazardous-medicinal-products-work


 

8 

 

The Guidance explains how to create a safe working environment, through risk assessment, exposure 

assessment, education and training and health surveillance and then divides the guidance up into the 

life cycle stages of HMPs. 

Responsibility for the risk assessment lies with the employer for all activities where workers are likely 

to be exposed to HMPs including measuring exposure levels. The risk management plan must be in 

line with the hierarchy of controls in the CMRD 2022. In hospitals and pharmacies, dermal uptake is 

the key route of exposure so workplace monitoring of HMPs is mostly performed by surface wipe 

sampling. 

The Guidance includes key prevention measures which reduce surface and environmental 

contamination, and this can only be achieved by ensuring effective surface decontamination and 

monitoring based on the requirement for the use of closed systems. Measuring surface contamination, 

before and after cleaning and decontamination, and the levels of uptake of hazardous drugs, is a good 

thing. The MEWIP (Kiffmeyer) study shows that increased monitoring results in decreased 

contamination, but existing protocols only usually require that it is done once a year which is not 

enough and is only usually in pharmacies not the wards.   

Preparation should be centralised within pharmacies; spiking should only be performed in the 

pharmacy for the administration of parenteral HMPs in non-surgical settings and the use of syringes 

with needles should be avoided. Preparation does sometimes occur in administration areas by nurses 

and others so should only occur after a risk assessment has been carried out. 
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4  Inclusion of HMPs in Carcinogens, Mutagens or Reprotoxic 

substances Directive (CMRD) 2022 

On 16 March 2022, in the Official Journal (OJ) of the European Union L 88/2, the European 

Parliament and the Council published Directive (EU) 2022/431 of the European Parliament and of the 

Council of 9 March 2022, which is known as the Carcinogens, Mutagens or Reprotoxic substances 

Directive (CMRD), amending Directive 2004/37/EC on the protection of workers from the risks 

related to exposure to carcinogens or mutagens at work.3 In the OJ of 16 March 2022, the European 

Parliament and Council in a joint statement confirmed that: 

Thus, for the first time, hazardous medicinal products (HMPs) are not only included in the scope of 

the new Carcinogens, Mutagens or Reprotoxic substances Directive (CMRD 2022) but this Directive 

also includes a clear definition of HMPs that contain hazardous substances which are classified as 

category 1A or 1B carcinogens, mutagens or reprotoxins (CMRs).   

This new EU definition of HMPs is much broader than that traditionally used in older EU and national 

legislation and guidance which tended to focus mainly on cytotoxic drugs, rather than all CMR 

HMPs. The new definition is also used in the European ‘Guidance for the safe management of 

hazardous medicinal products at work’ (European Commission 2023).   

This new definition of HMPs is also repeated in new Clause 18a of the Directive (CMRD 2022) as 

part of the requirement on the European Commission to develop an indicative list of HMPs.    

Article 18a is replaced by the following: 

New Clause 11 of the Directive (CMRD 2022) also includes a new requirement for mandatory 

training for all workers who are likely to be exposed to HMPs and other CMRs, periodically in 

healthcare settings, and in particular for new or multiple HMPs, CMR substances and risks.   

 

 
3 https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC  

“hazardous medicinal products which contain substances which meet the criteria 

for classification as carcinogenic (categories 1A or 1B), mutagenic (categories 1A 

or 1B) or reprotoxin (categories 1A or 1B) in accordance with Regulation (EC) No 

1272/2008 fall under the scope of Directive 2004/37/EC. All requirements of 

Directive 2004/37/EC apply to hazardous medicinal products accordingly.” 

“Where appropriate and no later than 5 April 2025, taking into account the latest 

developments in scientific knowledge and after appropriate consultation of relevant 

stakeholders, the Commission shall develop a definition and establish an indicative 

list of hazardous medicinal products or the substances contained therein, which 

meet the criteria for classification as a category 1A or 1B carcinogen set out in 

Annex I to Regulation (EC) No 1272/2008, a mutagen or a reprotoxic 

substance. No later than 31 December 2022, the Commission shall, after 

appropriate consultation of relevant stakeholders, prepare Union guidelines for the 

preparation, administration, and disposal of hazardous medicinal products at the 

place of work. Those guidelines shall be published on the website of EU-OSHA 

and shall be disseminated in all Member States by the relevant competent 

authorities.” 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC
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Article 11 is amended as follows, in paragraph 1, the second subparagraph is replaced by the 

following: 

In the US, the National Institute for Occupational Safety and Health (NIOSH) defines and considers a 

drug to be hazardous to human health if it exhibits “one or more of the following toxicity criteria in 

humans or animal models, or in in vitro systems: carcinogenicity; developmental toxicity (including 

teratogenicity); reproductive toxicity; genotoxicity; organ toxicity at low doses, or a structure and 

toxicity profile that mimic existing drugs determined hazardous by exhibiting one of the previous five 

toxicity types, unless the drug also exhibits a molecular property that may limit the potential for 

adverse effects in healthcare workers from exposure to the drug.” (NIOSH 2023). This essentially 

means that the US defines substances as hazardous to human health if they are carcinogens, mutagens 

or reprotoxins (CMRs), in a similar definition to the one that the EU now includes in the CMRD 2022 

and EU Guidance 2023. 

 
Globally the gold standard for best practice in reducing occupational exposure to HMPs in oncology 

pharmacy has been the International Society of Oncology Pharmacy Practitioners (ISOPP) Standards 

since 2007, and these have been updated in 2022 as the ISOPP Standards for the Safe Handling of 

Cytotoxics (ISOPP 2022). 

 

Safe handling practices have been refined and new hazardous agents have been discovered and 

developed for treatment to pose new challenges for workers caring for their patients. ISOPP has added 

eight new standards to focus on additional areas of practice both for workers and patients. These cover 

monoclonal antibodies, automation (including robotics), oral chemotherapy, investigational drugs, 

medical surveillance, electronic prescribing, dispensing and administration systems, dose banding, 

and safe handling in research facilities. 

 

ISOPP emphasises the importance of applying their standards but also compliance with legislation at 

the local, national and international level, which now includes the legal requirements and prevention 

controls set out in the CMRD 2022. 

“The training shall be: 

— adapted to take account of new or changed risk, in particular when workers are 

or are likely to be exposed to new carcinogens, mutagens or reprotoxic substances 

or to a number of different carcinogens, mutagens or reprotoxic substances, 

including those contained in hazardous medicinal products, or in case of changing 

circumstances related to work, 

— provided periodically in healthcare settings to all workers who are exposed to 

carcinogens, mutagens or reprotoxic substances, in particular where new hazardous 

medicinal products containing those substances are used, and 

— repeated periodically in other settings if necessary.” 

“These standards provide general guidance to assist with the development of 

processes and procedures to facilitate safe work systems when dealing with 

cytotoxic drugs. The importance of complying with state, national, and 

international laws and regulations that cover the workplace cannot be overstated. 

These standards may provide an advocacy tool for changing laws or provide extra 

safety through increased measures for workers. 

 

It is still clear there are improvements to be made worldwide in handling hazardous 

and cytotoxic drugs. These standards represent an international consensus on steps 

to reduce occupational exposure to cytotoxic drugs in healthcare settings.” 
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5  Classification of HMPs 
 
In Europe, the CLP (Classification, Labelling and Packaging) Regulation 1272/2008 implements the 

international globally harmonised system for classification and labelling of chemicals.4   

Classification of Carcinogens, Mutagens or Reprotoxins (CMRs) in the EU is based on the strength of 

evidence showing that they present one of the CMR types of hazards to human health.  

The EU CLP Regulation 1272/2008 uses the hazard categories in the table below for substances and 

for mixtures that contain CMRs. 

 

EU classification of CMR substances 

Category Criteria 

Cat. 1A Known to have CMR potential for humans, based largely on human evidence 

Cat. 1B Presumed to have CMR potential for humans, based largely on experimental 

animal data 

Cat. 2 Suspected to have CMR potential for humans 

 

Most of these substances are authorised at EU level and have either a harmonised or self-classification 

under the CLP (available in the ECHA C&L inventory). The majority of substances are not 

harmonised but are self-classified by suppliers based on the evidence as 1A or 1B CMRs according to 

the CLP principles set out above, notified to the European Chemicals Agency and should be labelled 

accordingly.  

 

 
4 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008R1272  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32008R1272
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6  Hierarchy of Controls and prevention Measures in the CMRD 

In its latest explanatory online publication about the new Directive (CMRD 2022), EU-OSHA said5 

on 20 October 2023 about risk assessment that:  

All EU Member States are required to bring into force the laws, regulations and administrative 

provisions necessary to comply with the Carcinogens, Mutagens or Reprotoxic substances Directive 

(CMRD 2022) by 5 April 2024. The specific legal articles and prevention measures contained in the 

CMRD replicate the universal hierarchy of controls (in the image below) and must now be applied by 

employers to all category 1A or 1B CMR HMPs for the first time.   

Legally this means that now, following a risk assessment, HMPs - which cannot usually be 

eliminated, replaced or substituted because of their vital therapeutic use for human health - must be 

manufactured and used in a closed system. 

Hierarchy of Controls (NIOSH) 

As can be seen in the image, engineering controls (closed systems in Article 5 of the CMRD – 

Prevention and Reduction of Exposure) take priority and precedence over administrative controls 

 
5 https://osha.europa.eu/en/legislation/directive/directive-200437ec-carcinogens-or-mutagens-work  

“The employer shall assess and manage the risk of exposure to carcinogens, 

mutagens or reprotoxic substances. This process shall be renewed regularly and 

data shall be supplied to the authorities upon request. Special attention should be 

paid to investigate and take account of all possible ways of exposure (including all 

skin-related possibilities), and to persons at particular risk.” 

https://osha.europa.eu/en/legislation/directive/directive-200437ec-carcinogens-or-mutagens-work
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(work systems and policies) and in turn over the use of Personal Protective Equipment (PPE). The 

application of closed systems needs to follow a risk assessment set out in Article 3 of the CMRD and 

replacement or substitution where possible in Article 4. From 5 April 2024, employers are required by 

law to ensure that HMPs are manufactured and use in a closed system before they apply 

administrative controls or provide PPE and to justify if they are not doing so to national regulators and 

stakeholders representing workers and ultimately to the Courts. 
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7  Prevention Measures in the CMRD 2022 
 

7.1  Closed Systems 
 
In its latest explanatory publication about the new Directive (CMRD 2022) EU-OSHA said on 20 

October 2023 about prevention measures that: 

Article 5.1 of the Carcinogens, Mutagens or Reprotoxic substances Directive (CMRD 2022) states 

that where the results of the risk assessment in Article 3 reveal a risk to workers' health or safety, 

workers' exposure must be prevented. Article 5.2 then goes on to say6 that: 

 

7.2  Isolators, Biological Safety Cabinets (BSCs) and Closed System Transfer 

Devices (CSTDs) 

HMPs falling under the scope of the CMRD 2022 have to be compounded, prepared, administered, 

transported and disposed of in a closed system, which in practice means the use of biological safety 

cabinets (BSCs), containment isolators and closed system transfer devices (CSTDs). 

EU Guidance (European Commission 2023) defines CSTDs as: 

The US Pharmacopeia (USP) is an independent, scientific nonprofit organisation focused on building 

trust in the supply of safe, quality medicines. It published the USP General Chapter <800> originally 

in 2016 which provides standards for safe handling of hazardous drugs to minimise the risk of 

exposure to healthcare personnel, patients and the environment. ‘Hazardous Drugs - Handling in 

Healthcare Settings’ (USP General Chapter <800> 2023). 

USP General Chapter <800> describes requirements including responsibilities of personnel handling 

hazardous drugs; facility and engineering controls; procedures for deactivating, decontaminating and 

cleaning; spill control; and documentation. These standards apply to all healthcare personnel who 

 
6 https://eur-lex.europa.eu/legal-

content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC  

“Workers' exposure must be prevented. If replacement is not possible, the 

employer shall use a closed technological system.” 

“Where it is not technically possible to replace the carcinogen, mutagen or 

reprotoxic substance by a substance, mixture or process which, under its conditions 

of use, is not dangerous or is less dangerous to health or safety, the employer shall 

ensure that the carcinogen, mutagen or reprotoxic substance is, in so far as is 

technically possible, manufactured and used in a closed system.” 

“A medicine transfer device that mechanically prohibits the transfer of 

environmental contaminants into the system and the escape of the HMP or vapour 

concentrations outside the system.” 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2022.088.01.0001.01.ENG&toc=OJ%3AL%3A2022%3A088%3ATOC
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receive, prepare, administer, transport or otherwise come in contact with hazardous drugs and all the 

environments in which they are handled. The USP General Chapter <800> standard says: 

• Containment supplemental engineering controls, such as CSTDs, provide adjunct controls to 

offer an additional level of protection during compounding or administration. 

• CSTDs should be used when compounding hazardous drugs when the dosage form allows. 

• CSTDs must be used when administering antineoplastic hazardous drugs when the dosage 

form allows. 

• CSTDs known to be physically or chemically incompatible with a specific HD must not be 

used for that HD. 

Isolators and BSCs are principally designed as an engineering control to protect the HMPs from 

contamination and they also protect workers against HMPs and infectious agents.  Needles, syringes, 

spikes, vials and bags are not designed to isolate the HMPs they manipulate and are thus less safe 

when manipulating HMPs.   

CSTDs are uniquely effective in preventing occupational exposure for workers in administration and 

the whole life cycle of HMPs, whereas the use of isolators and BSCs (and CSTDs) are most relevant 

and effective in the preparation of HMPs in the pharmacy. 

Greater focus should therefore be given to the protection of nurses who administer HMPs on the 

wards and other workers who are exposed to HMPs in their life cycle as well as the traditional focus 

on preparation in the pharmacy. Nurses are more than four times more likely to be exposed to HMPs 

at 40% than pharmacists at 9%, according to the European Commission study on HMPs published in 

March 2021.  

Isolators and BSCs are mainly prevention measures that can be used in preparation areas to reduce 

exposure for pharmacists and lab technicians whereas the use of CSTDs can reduce the exposure of 

all workers to hazardous medicinal products across all life cycle stages from manufacture to disposal. 

CSTDs include either a physical barrier, air-cleaning technology or a physical barrier with a closed-

backed syringe and the fluid pathway is either metal needle or needle free. CSTDs that utilise physical 

barrier technology with a closed back syringe can cover most routes of potential exposure since 

studies have shown syringe contamination after handling hazardous drug (Smith et al. 2014; Barta et 

al. 2024). Contamination on the syringe barrel or plunger can occur when drugs are transferred 

between vials, syringes  and IV Bags, leading to potential exposure to healthcare workers (Smith et al. 

2014; Barta et al. 2024). In a study on containment testing in section 10 below, barrier-based devices 

are associated with significantly less hazardous drug contamination than filter-based devices 

(Arminger et al. 2018). 

CSTDs are not a new technology and have been shown to reduce contamination from 

cyclophosphamide, one of the most common HMPs in use today as chemotherapy and as an 

immunosuppressant (Sessink et al. 2013 and 2011, Nyman et al. 2007; Miyake et al. 2013). CSTDs do 

not have universal support in the healthcare sector as some prefer to use older and more familiar 

technology such as spikes or syringes and needles, which may be cheaper but have a lower level of 

protection and higher risk of exposure to healthcare workers, particularly outside of the pharmacy. As 

set out in section 9 below, the best and only way currently to assess the performance of CSTDs is to 

apply the NIOSH Performance Test Protocol for Closed System Transfer Devices Used During Pharmacy 

Compounding and Administration of Hazardous Drugs. 

Employers have an absolute legal duty of care to ensure the health and safety of workers and, while 

there are potential additional costs to compliance with the requirement to use closed systems in the 

CMRD 2022, there are also benefits in terms of reduced costs and risks; lower absence and turnover 

rates; lessened threat of legal action; and increased productivity, because workers are healthier, 
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happier and better motivated. Costs should not be a consideration when employers are implementing 

and maintaining a safe working environment and especially where their workers are potentially 

exposed to the risk of life changing health impacts such as cancer and miscarriages through regular 

handling of HMPs. 
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8  EAHP Special Interest Group Final Report on Hazardous 

Medicinal Products 2022 

The European Association of Hospital Pharmacists (EAHP) published in 2022 a final report based on 

a survey conducted in autumn 2021 with responses from 545 chief pharmacists across Europe and 26 

responses of its 35 member associations (EAHP 2022). This looked at the most effective way to 

protect workers from potential exposure to HMPs in relation to the use of Biological Safety Cabinets 

(BSCs) and Isolators in combinations with CSTDs, spikes and needles but also all five options 

individually. The report included the following three figures and text (italicised) in its survey of 545 

chief pharmacists across Europe: 

 

 

 

 

 

Looking at respondents that selected BSCs in combination with one or multiple of 

the other options it was observed that 45% (N=131/292) deem BSCs together with 

CSTDs the most effective way to protect workers followed by 15% (N=44/292) 

that thought the combination of BSCs and spikes is the most effective. 9% 

(N=26/292) believed that BSCs used with spikes and CSTDs would offer the best 

protection from potential exposure to HMPs. 
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Isolators were considered effective in combination with CSTDs by 35% 

(N=103/292) of the respondents. 9% (26/292) of respondents deemed spikes when 

used with an isolator as a good option for offering protection against the potential 

exposure to HMPs. A small group (5% | N=16/292) also considered isolators in 

combination with both CSTDs and spikes effective. 
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Thus, 545 individual chief pharmacists across Europe believe that CSTDs offer the most effective 

way to protect workers from potential exposure to HMPs when used in combination with BSCs at 

45% and in combination with isolators at 35%, considerably more than the option of the use of 

needles or spikes. For the five options individually given in the question, the most effective way to 

protect workers from potential exposure to HMPs again was CSTDs at 14% over isolators at 10% and 

BSCs at 5% with much lower figures for needles at more than 1% and for spikes at less than 1%. 

It is also demonstrated in other studies that CSTDs reduce isolator contamination. CSTDs 

significantly decrease the chemical contamination of barrier isolators compared to standard 

compounding devices (needles, vented needle free devices and microspikes) (Simon et al. 2016). 

Surface hazardous drug contamination from cytotoxic infusion preparation in a pharmaceutical 

isolator was significant on work and compounded product surfaces and the use of CSTDs 

significantly reduced contamination often below the limit of detection making a strong case for CSTD 

use within isolators (Vyas et al. 2016). 

 

 

 

 

 

 

 

When assessing the responses to the five options for this question individually, it 

could be deduced that 14% (N=41/292) of respondents believe that CSTDs offer 

the best protection against the exposure to HMPs, followed by 10% (N=28/292) 

selecting isolator and 5% (N=15/292) opting for BSC. 
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9  Considerations for Employers choosing a CSTD 
 
CSTDs are proven to reduce exposure to HMPs during compounding, preparation and administration 

and should also be used in other areas of the life cycle of HMPs. Employers should choose the CSTD 

which best suits their needs to prevent the risk of occupational exposure to HMPs and to ensure the 

safety of their workers. 

In order to help employers choose a CSTD to reduce occupational exposure, US pharmacist Joseph 

Coyne (Coyne J. 2018) listed a series of points to consider when choosing a CSTD to test in-house, 

which included: 

• How well does the CSTD prevent HD contamination? 

• Should a filter-based or vapor-containment system be chosen? 

• How easy is the CSTD to use? 

• How many components/manipulations are required to use the CTSD? 

• What is the cost of the device?  

• How does the cost correlate with the device’s design, components, and quality? 

He goes on to suggest that the National Institute for Occupational Safety and Health (NIOSH) CSTD 

testing protocol 2015 draft, published in 2016, should be consulted by employers to help understand 

the difference between filter-based units and vapor-containment devices.  

This is the only standard method for evaluating airtightness of CSTDs and to quantitatively evaluate 

combined liquid, aerosol, and vapor containment performance of commercially available closed-

system drug-transfer devices (CSTDs) that claim to be effective for gas/vapour containment within a 

controlled test environment.   

A Performance Test Protocol for Closed System Transfer Devices Used During Pharmacy Compounding and 

Administration of Hazardous Drugs. NIOSH7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
7 https://www.cdc.gov/niosh/docket/review/docket288a/pdfs/aperformancetestprotocolforclosedsystemtransferdevices.pdf  

https://www.cdc.gov/niosh/docket/review/docket288a/pdfs/aperformancetestprotocolforclosedsystemtransferdevices.pdf
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10  Performance testing of CSTDs used during preparation and 

administration of HMPs 
 
A study published in 2018 evaluated the potential for contamination between four different CSTDs 

with multiple hazardous drugs that are commonly compounded including ifosphamide, methotrexate, 

and etoposide (Arminger et al. 2018) 

 

The conclusion of the study was that: 

 

A further study published in in 2019, used the NIOSH 2016 draft protocol to assess the containment 

performance of CSTDs when used for drug preparation and administration (Forshay et al. 2019). The 

objective of this study was to determine the containment performance of six commercially available 

CSTDs under a robust vapor challenge. The study concluded that: 

                                              

In a study published in 2021 (Piccardo et al. 2021), the effectiveness of two CSTDs in reducing 

leakage during antineoplastic drug compounding was analysed in a centralised compounding unit as 

follows.  

The study concluded that CSTDs are important supplemental engineering controls for containing the 

exposure of healthcare professionals and GEM dispersion was found after compounding with the 

TexiumTM/SmartSiteTM, while the Equashield® appeared to be completely tight and able to 

eliminate exposure to GEM.   

 

 
  

 “Barrier-based devices are associated with significantly less HD contamination 

than filter-based devices.” 

“There was significant contamination when using PhaSeal™ with ifosphamide 

manipulations.” 

“Potentially, there are unstudied chemical characteristics of HDs that affect the 

performance of CSTDs.”  

“Compared to all other CSTDs, Equashield® had significantly lower 

contamination than all other CSTDs tested.” 

 

“Wipe/pad samplings inside and outside the preparation area were taken during 

surveillance programs from 2016 to 2021. All samples were analysed for 

gemcitabine (GEM) contamination. In 2016, the presence of GEM in some 

samples and the contamination of the operators’ gloves in the absence of apparent 

drug spilling suggested unsealed preparation systems. In subsequent monitoring, 

GEM was also evaluated in the vial access device and in the access port system to 

the intravenous therapy bag of TexiumTM/SmartSiteTM and Equashield® II 

devices after the reconstitution and preparation steps of the drug. The next checks 

highlighted GEM dispersion after compounding using TexiumTM/SmartSiteTM, 

with positive samples ranging from 9 to 23%. In contrast, gemcitabine was not 

present at detectable levels in the Equashield® II system in all of the evaluated 

samples.” 
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                                                                           PhaSealTM CSTD 
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11  Automation and Robotics in Compounding  
 
Automation and robotics in compounding of hazardous medicinal products is a revolution in the 

making of safety, quality and efficiency in the handling of HMPs, to prevent and minimise the risk of 

contamination, exposure of healthcare workers and medication errors. 

Currently, endemic shortages of resources and staff in European healthcare, together with unremitting 

work pressure, increasing demand and increasing numbers of patients being treated with HMPs, 

means that reliable automation in compounding is one of the only ways to deal with the workforce 

crisis. There is a massive backlog of patients waiting for treatment, particularly in cancer care, owing 

to workforce shortages, better diagnostics and treatments with new drugs appearing all the time and 

longer life spans.    

Workforce levels are not keeping up with the increasing demand for healthcare and more needs to be 

done to address workforce planning, pay, training and staff wellbeing as well as applying new 

technology. Hans Kluge, regional director for Europe for the World Health Organization, said in 

September 2023:  “We could face a crippling shortage of nearly 1.8 million healthcare workers, and 

the numbers are climbing….In some countries there are just 2.4 doctors for every 1000 people. That’s 

not a gap. It’s a gulf.”  (Looi, 2024) 

The workforce crisis is associated with increasing levels of stress, fatigue and burnout amongst 

healthcare staff, along with poor mental health and wellbeing. Workforce shortages can also lead to a 

reduction in the quality and safety of care, for example medication errors, but also higher costs. 

Manual compounding is associated with a 9% rate of error attributed to label mix-up, calculation 

error, wrong drug and compounding error threatening patient safety, and 30% of hospitals have 

experienced a patient event involving a compounding error in the past 5 years, according to the 

Institute for Safe Medication Practices (ISMP) which is the only nonprofit organisation devoted 

entirely to preventing medication errors (ISMP 2016).  

The ISMP Guidelines for Safe Preparation of Compounded Sterile Preparations, published in 2013, 

and revised in 2016 said: 

Robotic IV compounding technology can increase the quality, safety and efficiency of IV 

compounding to minimise the risks associated with manual compounding for label mix-up, using the 

wrong drug, calculation and compounding errors. As well as, addressing the growing pharmacy 

technicians labour shortages and staffing issues.  

In 2019, a ‘Multicenter study to evaluate the benefits of technology-assisted workflow on I.V. room 

efficiency, costs, and safety.’ was published (Eckel et al. 2019). The purpose was to look at the 

benefits of technology-assisted workflow (TAWF) compared with manual workflow (non-TAWF) on 

I.V.. room efficiency, costs, and safety at hospitals with more than 200 beds are evaluated. The 

conclusion of the study was that the use of TAWF in the I.V. room was associated with the detection 

“Errors during pharmacy preparation of parenteral products and admixtures have 

frequently been reported to the ISMP National Medication Errors Reporting 

Program (ISMP MERP) and have also been a topic of discussion in the ISMP 

Medication Safety Alert! In addition, a five-hospital observational study on the 

accuracy of preparing small- and large-volume injectables, chemotherapy 

solutions, and parenteral nutrition (PN) showed a mean error rate of 9%, meaning 

almost 1 in 10 products was pre- pared incorrectly prior to dispensing. Error rates 

for complex solutions such as PN were especially high—37% for manual 

preparation and 22% for preparations that were partly automated. A 2009 State of 

Pharmacy Compounding Survey showed that 30% of hospitals have experienced a 

patient event involving a compounding error in the past 5 years.” 
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of 14 times more errors than the use of non-TAWF, demonstrating different frequency of error in the 

results. TAWF also led to a faster preparation time that had a lower cost for preparation. 

A study on the ‘Impact of technology-assisted versus manual sterile compounding on safety and 

efficiency in a Canadian community hospital.’ was published in 2022 (Fan M et al. 2022). The 

purpose of the study was to look at interventions to improve the safety and efficiency of manual 

sterile compounding are needed. It evaluated the impact of a technology-assisted workflow system 

(TAWS) on sterile compounding safety (checks, traceability, and error detection), and efficiency (task 

time). 

The study concluded that in comparison to manual sterile compounding, use of the TAWS improved 

safety through more frequent and rigorous checks, improved traceability (via superior 

documentation), and enhanced error detection. Results related to efficiency were mixed. 

 

                                                      Apoteca Chemo Automation System  

 

                                  Automated Compounding of HMPS, Mundus Mini HD by Equashield  
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