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HAZARDOUS DRUGS AND OCCUPATIONAL RISK

KEY POINTS*

* The existence of the risk of long-term and short-term loxicily (onset of neoplasia, reproductive and developmental
toxicity) for staff preparing and administering different classes of drugs.

* The exposure of healthcare operators may occur via inhalation, contact, absorption through the skin, ingestion or
injection. It can be increased by handling operations such as the reconstitution of lyophilised drugs (when aerosols
are often generated) or dilutions, and through contact with contaminated surfaces or vials.

* Withregard to the risk of exposure described above, EU regulations on health and safety in the workplace implemen-
ted in [talian law require employers to assess the risk and to put into effect all the necessary safety measures.

* Considering their undisputed level of innovation, there is an ever increasing use of so-called CSTDs (Closed System
Drug Transfer Devices) for the transfer of hazardous drugs in the preparation and administration phases. To these sys-
tems refers the recent definition of NIOSH, “drug transfer device that mechanically prohibits the transfer of environ-
mental conlaminants into a system and the escape of hazardous drug or vapour concentrations outside the system”

* The adoption of closed systems (CSTDs and equipment defined as “isolators”) still seems dishomogeneous in Italy.

* This document of consent aims to highlight the added value (in terms of protection) that these devices offer to health-
care facilities in which hazardous drugs are handled.

“ The consensus document “Gestione Del Rischio Di Esposizione del personale sanitario nella manipolazione dei farmaci antineoplastici iniettabili: gli aspetti di
prevenzione e la caratterizzazione delle misure di sicurezza” (Management of the exposure risk of healthcare workers in the handling of injectable antineoplastic
drugs: prevention aspects and characterisation of safety measures) was published in 2017.

This new document supplements the analysis by discussing all those drugs that are not classified as antineoplastic drugs.

An excerpt from the principles of the 2017 consensus document, identified in key points, which also apply to non-antineoplastic drugs, is provided here.

Hazardous drugs and occupational risk: the unknown siblings of antineoplastic drugs




HAZARDOUS DRUGS AND OCCUPATIONAL RISK

1. INTRODUCTION

The earliest evidence of the health risk to health profession-
als associaled with the handling of drugs (antiblastics) dates
back to the 1970s. Since then, scientific evidence document-
ing this risk has grown exponentially and led to the publica-
tion of numerous guidelines and recommendations on occu-
pational health prevention and protection practices. Despite
the good degree of awareness achieved, international studies
show that the risk of occupational exposure to hazardous
drugs has not yet been adequately reduced and that there
are still organisational and cultural barriers to the adoption
of appropriate protection measures . Data published by the
European Biosafety Nelwork (EBN) in 2019 shows that safe-
ty protocols on the management of hazardous drugs are still
implemented inconsistently in healthcare facilities in the
European Community (EC) and that many hazardous prac-
tices take place outside hospital pharmacies, significantly
exposing hospital wards to risk.

Thanks to the considerable technological progress made, to-
day there are systems available that ensure the highest level
of protection, but their adoption throughout Europe as well
asin taly is still rather slow .

Current [talian legislation, i.e., Legislative Decree 81/2008 as
amended, implementing the European Union Directives on
health and safety at work, requires a risk assessment and the
implementation, by the employer, of all the resulting safety
measures.

The occupational risk assessment on the handling of hazard-
ous drugs is very complex and depends on several factors,
the first of which is certainly the intrinsic toxicity of the sub-
stance.

While the intrinsic toxicity of antiblastic drugs has long been
established and new knowledge is beginning to emerge on
the long-term toxicity of new non-genotoxic antineoplas-
tic drugs, for which an epigenetic toxiciy mechanism is as-
sumed, for most drugs used in other specialist areas of med-
icine, and which may endanger the health of professionals
exposed to these, there is still little literature available .
Data collected by the U.S. National Cancer Institute (NCI),
referring to the years 1973-2000, indicate that cancer pa-
tients treated with antiblastic drugs that are able to bind and
damage DNA, are 14% more likely to develop a second tu-
mour than the general population . For some of these, use
is increasing, and they are used in a larger number of work-
ing environments, as they are increasingly indicated in the
treatment of non-malignant immunological and rheumato-
logical diseases. For instance, antineoplastic drugs such as
cyclophosphamide and methotrexate have been shown to be
effective in the treatment of rheumatoid arthritis and multi-
ple sclerosis.

Some non-oncological drugs have toxic properties simi-
lar to those of antineoplastic drugs. Documents from the
U.S. National Institute for Occupational Safety and Health
(NIOSH) and the Occupational Safety and Health Adminis-

tration (OSHA), as well as numerous international studies
indicate that, in addition to various antineoplastic drugs,
some antiviral agents (e.g., ganciclovir), biotechnological
drugs and antibiotics (e.g., chloramphenicol) may also in-
terfere with the cell cycle or DNA synthesis. For some other
drugs, toxic effects on reproduction are the main occupa-
tional hazard ©.

Hazardous non-oncological drugs are commonly used for
a variety of clinical indications, from rheumatic diseases to
the prevention of transplant rejection. An Australian prev-
alence study has shown that about 60% of hospitalised pa-
lients are prescribed drugs considered hazardous and that,
often, the prescribed drug is not related to the reason for
admission 7.

In accordance with the definition formulated by the Amer-
ican Society of Health-System Pharmacists (ASHP), and
modified by NIOSH, a drug is considered hazardous if it has
one or more of the following characteristics:

* carcinogenicily - i.e., the ability to cause or promote the de-
velopment of cancer;

* leratogenicily - i.e., the ability to cause congenital foetal
malformations;

* tloxicily to the reproductive system - i.e., the ability to impair
fertility (causing miscarriage, foetal death, infertility);

¢ genoloxicily - i.e., the ability to damage DNA, causing mu-
tations;

* organ loxicily - i.e., the ability to cause significant toxic ef-
fects on organs at low doses;

* chemical structure and toxicological profile similar to those
of a drug recognised as hazardous according to the above
criteria 7,

Bearing in mind the conceptual distinction between the
terms “antineoplastic” and “cytotoxic”, the former being
any agenl used in cancer (e.g., cyloloxic drugs, hormones,
immunomodulants, biotechnological drugs), and the latter,
any agent capable of interrupting cell growth and function
of both healthy and diseased cells ®, hazardous drugs were
classified by NIOSH, for the first time in 2014, into three
groups:

* antineoplastic drugs

* non-antineoplastic drugs that meet at least one hazard
criterion

¢ drugs that pose a risk to reproductive health in men and
women trying to conceive a child and in pregnant or
breastfeeding women, but which pose no risk to the rest
of the population .

In the new NIOSH list, which is currently being published, 16

drugsare likely to be added and 5 will be removed. The update

has taken into account drugs that were recently approved, or

received new FDA safety alerts, between January 2014 and

December 2015.

Hazardous drugs and occupational risk: the unknown siblings of antineoplastic drugs
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NIOSH has also changed the classification of hazardous
drugs, which are now divided into two groups:

* drugs that meet the NIOSH definition of a hazardous drug
and contain instructions for safe handling in the package
leaflet and/or are classified by the National Toxicology
Program (NTP) as “known to be carcinogenic to humans”
and/or classified by the International Agency for Research
on Cancer (IARC) as “carcinogenic” or “probably carcino-
genic”;

* drugsthatmeetone ormore NIOSH criteria, butdo not con-
tain instructions for safe handling in the package leaflet or
are nol classified by the NTP as “known to be carcinogenic
to humans” or classified by the IARC as “carcinogenic” or
“probably carcinogenic”.

The concept of hazardous drug provided by NIOSH, how-
ever, is not intuitively transferable to the toxicity character-
istics associated with some new-generation drugs, such as
biotechnological drugs. New biologicals act at the molecu-
lar level and their interaction with cellular targets and the
resulting consequences at the nuclear level are not clearly
understood, so the effects of possible prolonged exposure
are not fully predictable. However, in the absence of reliable
scienlific evidence allowing a thorough risk assessment,
current [talian legislation (i.e., Legislative Decree 81/2008 as
amended) requires the adoption of the precautionary princi-
ple by the employer, by virtue of the priority that is given to
workers” health. Therefore, despite their increasing use, oc-
cupational exposure to biological drugs should be avoided,
even in the absence of scientific evidence of the exact type of
damage to health .

In any case, in the occupational risk assessment, the qualita-
tive information relating to the intrinsic toxicity of the drug
must be supplemented by the identification of the exposure
risk, i.e., the quantitative estimate of exposure related to the
activity performed by the professional.

Therefore, in order to characterise the exposure scenarios
and stratify occupational risk, the following are to be taken
into account:

¢ the type of formulation and consequent method of han-
dling (tablels/capsules, oral solution, solution for injec-
tion, etc.)

¢ administration route
* potential route of absorption
¢ frequency of exposure (directly related to the extentof use)

* salely measures already in place and those to be imple-
mented.

Oral formulations of hazardous drugs require additional pre-
cautions to be taken. These drugs may not pose a real risk of
occupational exposure by virtue of their solid pharmaceuti-
cal form, as in the case of coated tablets or capsules, as long
as it is not altered. For clinical needs, however, drugs are of-
ten handled, and the formulation is altered by crushing and

solubilisation of the tablets or opening the capsules (e.g., in
neurology, psychiatry, oncology departments). These prac-
tices can lead to the release of dust, which constitules a real
risk of exposure to the operator, either by contact or inhala-
tion, and should be avoided, with liquid formulations being
preferable where available “. Although outside the scope of
this document, it should also be taken into account that oral
formulations are widely used in the patient’s home, posing a
risk, often unknowningly, to family members, who should be
given clear instructions and guidance.

Despite the efforts made in recent decades to ensure the safe
handling of hazardous drugs, the recommendations of most
guidelines are limited to antineoplastic drugs and there are
currently no globally standardised prevention criteria '’. In
this regard, it is worth noting the chapter “Hazardous Drugs
Handling in Healthcare Settings” of the US Pharmacopoe-
ia", which requires health services to carry out a risk assess-
ment for each drug in use.

Any healthcare organisation that fosters compliance with
guidelines or recommendations aimed at drastically re-du-
cing occupational exposure to hazardous drugs, which is a
legislative obligation for employers, is faced with the chal-
lenge of identifying a complete list of hazardous drugs that
can be made available to healthcare professionals. Currently,
also at European level, reference is made to the list of medi-
cines drawn up and periodically updated by NIOSH. At the
same time, however, NIOSH also suggests the adoption of per-
sonalised lists, which are better adapted to individual situa-
tions and which, thanks to greater flexibility, can more quick-
ly include newly marketed medicines that should be a cause
for concern in some way, unlil we have adequate information
for their exclusion.

The periodic update of the NIOSH list is on average 4 years
behind the marketing of new drugs, as the review process in-
volves several steps, which take a long time.

Thanks to the EBN initiative, in February 2019 the Europe-
an Parliament unanimously approved some amendments
aimed atincluding hazardous drugs in Directive 2004/37/EC
on the protection of workers from the risks related to occupa-
tional exposure to carcinogens or mutagens.

This is an important step, as the availability of Community
legislation with clear provisions on the subject could result
in standardised prevention strategies based on recommen-
dations beller adapted lo the operational reality of the EC,
thanks to specific European guidelines and a European list
of hazardous drugs .

An initial [talian Consensus Document on the management
of the risk of exposure of healthcare personnel in hazardous
drug handling was published in 2017, under the patronage of
SIFO (Ttalian Society of Hospital Pharmacies and Healthcare
System Pharmaceutical Services), regarding injeclable anti-
neoplastic drugs ©.

This new publication aims to improve the management of
hazardous drugs used in specialist non-oncological areas
as well, identifying occasions of risk, providing alerts for the

Hazardous drugs and occupational risk: the unknown siblings of antineoplastic drugs
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safety of health workers and recalling the aforementioned
Consensus Document with regard to legislative aspects con-
cerning prevention and protection strategies, as well as re-
sponsibility profiles.

The main objective of this document is to provide health pro-
fessionals with a practical and easy-to-use tool for finding
information on the hazard and toxicity properties of non-on-
cological drugs.

To this end, a final table is proposed here which comprises a
list of hazardous drugs, obtained by cross-referencing sev-
eralinternational databases, with the hope thatit will be im-
proved and adapted in the future thanks to the contribution
of experts from the various Member States. For each active
substance, reported in alphabetical order, the following is
specified: pharmaceutical category, formulations currently
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2. SCENARIOS OF EXPOSURE TO HAZARDOUS
NON-ONCOLOGICAL DRUGS

Since the legislative requirements (Legislative Decree 81/2008
as amended) that require the substitution, where possible, or
use in the minimum possible quantities (ALARA, As Low As
Reasonably Achievable) of the hazardous substance are not
fully applicable in health settings, the prevention and protec-
tion measures adopted, which it would be desirable for them
to be as uniform as possible at supranational level, play an
even more crucial role. To this end, it is important to have up-
lo-date information on the consumption of hazardous drugs
in [talian hospitals, in order to quantify the occupational ex-
posure resulting from the volumes used and to focus on the
areas that require the utmost attention and represent pri-
orities for action.

The actual conditions of exposure to a hazardous drug, and
therefore the potential occupational exposure, are the result
of a combination of organisational methods and the volume
of work with the drug.

An overview of the use of hazardous drugs in non-oncolog-
ical settings in Italy will be provided below, with particular
reference to public health facilities, reporting consumption
data relating to the various therapeutic areas and the indica-
tions of the main hazardous drugs. The text will refer to the
data collected by OsMed (Italian National Observatory on
the Use of Medicines), contained in the latest version of the
National Report on the Use of Medicines in Italy, published
annually by AIFA (Italian Medicines Agency) and referring to
2018.

The analysis of the consumption of drugs purchased by
healthcare facilities was conducted using the Drug Trace-
ability Flow and the amount of drugs prescribed is expressed
by the indicator DDD/1,000 inhabitants (inh.)/day, i.e., in
terms of the average number of doses of drug consumed dai-
ly by 1,000 inhabitants, where DDD (Defined Daily Dose) is a
standard reference unit representing the daily maintenance
dose for an adult subject, relative to a substance’s main ther-
apeutic indication, and therefore does not mean the recom-
mended dose for the individual patient.

2.1 Immunomodulatory Drugs

In 2018, immunomodulatory drugs, together with antineo-
plastic drugs, were the number one therapeutic category in
terms of public expenditure, mainly determined by the pur-
chase by public healthcare facilities, while the contribution
related to pharmaceutical assistance under the agreement
was much lower. The comparative analysis versus 2017 shows
an increase in hospital spending (+9.7%) and consumption
(equal to 9.5 DDD/1,000 inh./day in 2018; +4.1%) for these
drugs.

The use of cylotoxic drugs in indications other than cancer
diseases, such as autoimmune pathogenesis diseases and
prevention of organ transplant rejection, has grown over
time thanks to the recognition of the important immuno-

suppressive and immunomodulating properties that some
of them have. Overall, consumption increases with age, with
a marked increase in the prevalence of use among women
compared to men aged 35 and over, in line with the higher
gender prevalence of autoimmune diseases in this age group.
Above the age of 75, on the other hand, there is once again an
increase in prevalence of use in the male population (4.6% in
men compared to 3.4% in women).

Inrecentyears the prescription of drugs for multiple sclerosis
(MS) has increased by 28% (from 2 in 2013 to 2.6 DDD/1,000
inh./day in 2018), with an increase in the use of immuno-
suppressants and, in particular, methotrexate, an antineo-
plastic drug with anti-inflammatory and immunosuppres-
sive action, which alone accounts for more than half of the
consumplion of the entire category (from 0.7 DDD in 2013 to
1.3 DDD/1,000 inh./day in 2018). In addition to oncological
indications (acute lymphatic leukemia, non-Hodgkin’s lym-
phomas, choriocarcinoma in women), this drug is prescribed
as a second-line therapy in rheumatoid arthritis (RA), adult
psoriatic arthritis, active polyarticular juvenile rheumatoid
arthritis in children, severe relapsing and disabling psoriasis
and mild to moderate Crohn’s disease.

Cyclophosphamide is a nilrogen mustard analogue and its
cytotoxic action is based on the interaction between its al-
kylating metabolites and DNA. It is mainly an antineoplastic
drug, indicated in the treatment of various solid and haema-
tological tumors but due lo its powerful immunosuppressive
action itis also used in the treatment of autoimmune diseas-
es such as MS, RA, systemic lupus erythematosus and some
forms of vasculitis affecting the nervous system (Behget’s
disease, isolated vasculitis of the central nervous system) or
secondary to RA.

Among immunosuppressants, cyclosporine is a calcineurin
inhibitor indicated in the prevention of solid organ trans-
plant rejection, in the treatment of transplant cell rejection
in non-responders to other immunosuppressive therapies,
in the prevention of allogeneic bone marrow and stem cell
transplant rejection and in the prophylaxis or treatment of
Graft Versus Host Disease (GVHD). Indications other than
transplantation include endogenous uveilis (of non-infec-
tious origin) and Behget’s disease, some forms of nephrotic
syndrome due to primary glomerulopathies, severe active
phase RA, severe psoriasis refractory to conventional thera-
py and severe atopic dermatitis requiring systemic therapy.
The macrolide tacrolimus also belongs lo the class of calci-
neurin inhibitors and has an action similar to that of cyclo-
sporine. Administered orally or intravenously, it is indicat-
ed in the prophylaxis of allogeneic transplant rejection of
the liver, kidney or heart and in the treatment of allogeneic
transplant rejection resistant to treatment with other immu-
nosuppressants.

Abatacept is a chimeric protein produced by recombinant
DNA technology, consisting of the extracellular domain of the
antigen4associated with the human cytotoxic T cell (CTLA-4)
bound to the modified Fc portion of human immunoglobulin
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G1 (IgG1). Abatacept selectively modulates a key co-stimula-
tion signal necessary for the full activation of T cells express-
ing CD28, reducing their proliferation and the production of
inflammatory cytokines. In combination with methotrexate,
itis indicated for the treatment of moderate to severe non-re-
sponsive active RA and very active and progressive RA not
previously treated with methotrexate. Abatacept is also used
in the second line therapy of active psoriatic arthritis (PsA)
and moderate to severe juvenile polyarticular idiopathic ar-
thritis in pediatric patients aged 6 years and older.
Plerixafor, which belongs to the category of immunostim-
ulants, is a derivative of bicyclam, a selective reversible re-
ceptor antagonist for CXCR4 chemokines, which is able to
block the binding of its related ligand, stromal cell-derived
factor 1a (SDF-1a), also called CXCL12, which has a leukocy-
totic effect and increases circulating levels of haematopoietic
progenitor cells. Administered by subcutaneous injection,
plerixafor is indicated in combination with granulocyte col-
ony stimulating factor (G-CSF) to increase the mobilisation
of hematopoietic stem cells to peripheral blood, for collection
and subsequent autologous transplantation, in adult patients
with lymphoma and multiple myeloma.

In the purchases of antineoplastic and immunomodulatory
drugs made by public facilities in 2018, monoclonal anti-
bodies are the number one category in terms of per capita
expenditure, an increase of 18.4% compared to the previous
year. Similarly, hospital consumption of these drugs, at 1.1
DDD/inh./day in 2018, increased by 6.8% compared to 2017.
Tumour necrosis factoralpha (TNFo) antagonists are the cat-
egory with the highest spending, with a consumption of 1.2
DDD/inh./day, up 6% compared to 2017.

Infliximab is a human monoclonal chimeric IgG1 antibody
produced in murine hybridoma cells with recombinant DNA
technology, which exerts an antagonistic action against
TNFa., a proinflammatory cytokine with a key role in chronic
inflammation processes and autoimmune reactions. Inflix-
imab, in association with methotrexate, is indicated in adult
patients with non-responsive active phase RA and naive pa-
tients with severe, active and progressive disease. Infliximab
is also used in the treatment of adult patients with moder-
ale lo severe aclive Crohn’s disease and paedialric patients
with severe forms that are either intolerant or refractory to
first-line therapy. Also as second line in conventional ther-
apy, infliximabh can be used in moderate to severe ulcerative
colitis in the active phase, severe paediatric ulcerative colitis,
severe ankylosing spondylitis in the active phase, active and
progressive psoriatic arthritis and moderate to severe plaque
psoriasis.

Rituximab is a murine-human monoclonal chimeric anti-
body consisting of a glycosylated immunoglobulin obtained
by combining the constant IgG1 regions of human origin
with the sequences of the variable region of the light and
heavy chain of murine origin with genetic engineering tech-
niques, using a culture of suspended mammalian cells. The
mechanism of action involves selective binding to the CD20

surface transmembrane antigen on pre-B lymphocytes and
mature B lymphocytes, present on normal B cells (but not on
hematopoietic stem cells, pro-B cells, normal plasma cells or
other normal tissues) and neoplastic B cells (on more than
95 % of all non-Hodgkin’s B-cell lymphomas), causing cell
death through three possible mechanisms such as comple-
ment-dependent cytotoxicity (CDC), Clq binding, cell-me-
diated antibody-dependent cellular cytotoxicity (ADCC) (Fcy
receptors on the surface of granulocytes, macrophages and
NK cells) and apoplosis.

In addition to oncological indications such as non-Hodgkin’s
lymphoma and chronic lymphatic leukemia, rituximab is in-
dicated for the treatment of adult patients with severe active
RA not responsive or intolerant to other DMARDs, in asso-
ciation with methotrexate, those with granulomatosis with
polyangitis (Wegener’s) and severe active microscopic poly-
angitis in association with glucocorticoids, and those with
moderate or severe pemphigus vulgaris.

An example of exposure to biological risk is the BCG vac-
cine, consisting of a lyophilised suspension of live Bacillus
Calmette-Guérin bacteria with low infectious potential (at-
tenuated) derived from Mycobacterium bovis, whose endove-
sical instillation has an immunostimulating action with an-
ti-tumour effect in the treatment of non-invasive urothelial
carcinoma. The BCG vaccine was recently removed from the
NIOSH 2020 list because it was not classified as a drug by the
FDA.

2.2 General Antimicrobials for Systemic Use

General antimicrobials for systemic use are the number
three therapeutic category with highest public expenditure
in 2018, after cardiovascular drugs, largely determined by
purchases by public healthcare facilities.

The highest consumption of antimicrobials is found in the
extreme age groups, i.e., in the first four years of life (17.9 in
males and 16.2 DDD/1,000 inh./day in females) and after 75
years (277 DDD/1,000 inh./day), while in the intermediate
age groups the highest use concerns females.

In 2018, the most significant share of consumption concerned
the purchase of antivirals for the treatment of Human Immu-
nodeficiency Virus (HIV) infection in association.
Zidovudine is a nucleoside analogue with antiviral action
against retroviruses, including HIV, which acts as an inhibi-
tor for viral reverse transcriptase after transformation to the
aclive substance zidovudine triphosphate (TP), following
three steps of kinase-dependent phosphorylation. Zidovu-
dine for infusion is indicated, only when oral treatment is not
possible, for the short-term treatment of severe clinical man-
ifestations of HIV infection in patients with acquired immu-
nodeficiency syndrome (AIDS), possibly in combination with
other drugs, for the prevention of maternal-foetal transmis-
sion of HIV in HIV-positive pregnant women (over 14 weeks
of pregnancy) and for the primary prophylaxis of HIV infec-
tion in infants. Among the drugs indicated in combination
therapy for the treatment of HIV patients, nevirapine and
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efavirenz are non-compelitive inhibitors of HIV-1 reverse
transcriptase. Abacavir is a selective inhibitor of HIV-1 and
HIV-2, metabolised intracellularly in the active form carbo-
vir 5’-triphosphate (TP).

Among antivirals for systemic use, cidofovir belongs to the
nucleoside and nucleotide category; it is a cytidine analogue
capable of suppressing the replication of the pathogenic cy-
tomegalovirus in humans (HCMV) by selective inhibition of
viral DNA synthesis. It is indicated for the treatment of cyto-
megalovirus (CMV) retinitis in adults with AIDS without re-
nal dysfunction unsuitable for other therapies.

Ganciclovir is a synthetic analogue of 2’-deoxyguanosine,
which inhibits the replication of several herpes viruses both
in vitro and in vivo. Clinical studies have been limiled to the
evaluation of patients with CMV infection, which is its main
indication, both for the treatment of the disease in immuno-
compromised adults and adolescents aged 12 years and older,
and for prevention in patients with pharmacological immu-
nosuppression (e.g., afler organ transplantation or chemo-
therapy). In particular, ganciclovir inhibils the synthesis of
cytomegalovirus DNA, blocking its growth and replication
and is indicated for induction and maintenance treatment of
cytomegalovirus (CMV) retinitis in adult patients with AIDS.
Valganciclovir is a ganciclovir prodrug.

Fluconazole is a triazole antifungal agent indicated for the
treatment of cryplococcal meningitis (and for the prophylax-
isof relapses in immunocompromised patients) in adulthood
and paediatric age, coccidioidomycosis, chronic atrophic
oral candidiasis, invasive candidiasis, mucosal candidiasis,
including candiduria, chronic mucocutaneous candidiasis
and oropharyngeal or oesophageal candidiasis (for which
it is also used for prophylaxis of relapses in immunocom-
promised patients) in adulthood and paediatric age, and for
prophylaxis of candidemias in patients with prolonged neu-
tropenia.

Voriconazole is a broad-spectrum triazole antifungal agent
indicated in adults and children 2 years of age and older
for the treatment of invasive aspergillosis, candidaemia in
non-neutropenic patients, severe and invasive Candida in-
fections resistant to fluconazole (including C. kruseti), severe
fungalinfections caused by Scedosporium spp. and Fusarium
spp. and for the prophylaxis of invasive fungal infections in
high-risk patients undergoing allogeneic haematopoietic
stem cell transplantation (HSCT).

Chloramphenicol is a broad-spectrum antibiotic, mainly
bacteriostatic, but with bactericidal activity at high concen-
trations, and is able lo inhibit the protein synthesis of bacte-
ria. Chloramphenicol for intravenous use is indicated when
oral administration is not possible due to vomiting, diarrhoea
or severe septic states and when other less toxic drugs have
been found to be ineffective or contraindicated. Chloram-
phenicol is indicated in the treatment of various infections
such as typhoid fever and salmonellosis (Salmonella typhi),
baclerial meningilis (Haemophilus influenzae, Neisseria
meningitidis), rickettiosis (Rickettsia), brucellosis (Brucella),

psittacosis (Chlamydophila psittaci), venereal lymphogran-
uloma (Lymphogranuloma-psittacosis), urinary infections
by Gram-negative bacteria, infections by anaerobic bacteria
(gram-positive cocci, Clostridium).

Pentamidine, aromalic diamidine, is an antiprotozoal agent
that acts by interfering with DNA and folate transformation
and inhibiting RNA and protein synthesis. It is indicated in
the treatment of Pneumocystis carinii pneumonia in debil-
itated or immunodepressed patients, such as AIDS, leish-
maniasis (visceral and culaneous) including cases resistant
to treatment with pentavalent compounds of antimony, and
African trypanosomiasis (early-stage sleeping sickness due
to Trypanosoma gambiense).

Entecavir is a chemical analogue of nucleoside guanosine. It
isavirustatic of the nucleoside group of reverse transcriptase
inhibitors (NRTI) and is used for the treatment of hepatitis B.
Ribavirin is a synthetic nucleoside analogue and is indicated
for the treatment of chronic hepatitis C virus (HCV) infection.

2.3 Gastrointestinal Tract and Metabolism

The consumption of drugs of the gastrointestinal tract and
metabolism shows an increasing trend with age in both gen-
ders, with the exception of a drop between 5 and 14 years of
age and a more marked increase between 45 and 74 years of
age.

This therapeutic category occupies fourth place among the
items with highest public expenditure in 2018, mainly due to
the provision of pharmaceutical care under specific agree-
ments. The spending associated with the purchase of these
drugs by public health facilities is lower. The most significant
increases in spending were recorded for some subcatego-
ries, such as the lalest diabetes treatments, including glu-
cagon-like-peptide-1 (GLP-1) analogues (+17%), which also
recorded a significantincrease in consumption (+26%), equal
to 1.6 DDD/1,000 inh./day in 2018.

Liraglutide is an agonist of the GLP-1 receptor, an endog-
enous incretin hormone that potentiates the secretion of
glucose-dependent insulin by beta cells of the pancreas. Ad-
ministered subcutaneously, it is indicated for the treatment
of type 2 diabetes mellitus, as an alternative to metformin, in
patients with intolerance or contraindications to it or in addi-
tion to other medicines.

Exenatide is another GLP-1analogue that has shown in vitro
a mechanism of action mediated by cyclic adenosine mono-
phosphate (AMP) and/or other intracellular signaling path-
ways, with the effect of activating the human GLP-1receptor.
[tis indicated in adult patients with type 2 diabetes mellitus
in addition to other hypoglycemic drugs, including basal in-
sulin, in the absence of adequate glycemic control.

2.4 Blood and Hematopoietic Organs

Drugs affecting blood and hematopoietic organ account
for the fifth largest public spending therapeutic category in
2018, the largest share of which is determined by the pur-
chase by public health facilities.

Hazardous drugs and occupational risk: the unknown siblings of antineoplastic drugs
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Icatibant is a selective and competitive bradykinin type 2
(B2) receptor antagonist, included in the pharmacotherapeu-
lic subcategory “other haematological agents”. Adminislered
by subcutaneous injection, it is indicated for the symptomat-
ic therapy of acute attacks of hereditary angioedema (HAE)
in adults, adolescents and children from 2 years of age with
deficiency of Cl esterase inhibitor.

The subcategoryof antianaemic preparationsrecorded a con-
sumption of 3.3 DDD/1,000 inh./day, up from 2017 (+3.8%).

2.5 Central Nervous System

The category of central nervous system drugs ranked sixth
among the highest public spending items in 2018. Although
the largest share relates to the purchase of assistance under
special agreements, consumption increased compared to
2017 (+5.2%), equal to 29.1 DDD/1,000 inh./day for the entire
category.

The analysis of the drug utilisation profile reveals a constant
increase in consumption with age in both genders, although
there is a greater prevalence of use in women from the age of
35 years, in relation to the greater frequency of neuropsychi-
atric diseases in women than in men. Considering the drugs
purchased by public healthcare facilities, antipsychotics are
among those with the highest consumption (2.3 DDD/1,000
inh./day), an increase compared to 2017 (+5%). Paliperidone
isthe medicinal product with the highest per capita spending
and shows the greatestincrease in consumption compared to
the previous year (+17.1%), equal to 0.7 DDD/1,000 inh./day in
2018, while risperidone is the active ingredient with the most
significant reduction in consumption (-5%).

Paliperidone and risperidone are two selective monoamin-
ergic antagonists with high affinity for serotonergic 5-HT2
and dopaminergic D2 eceptors. The formulation for injec-
tion of these drugs is indicaled for maintenance therapy in
schizophrenia in adult patients clinically stabilised with oral
antipsychotics. Based on data from studies provided by man-
ufacturers, NIOSH has determined that paliperidone and
risperidone are unlikely to pose a carcinogenic, reproductive
or developmental risk to healthcare workers and are there-
fore no longer on the NIOSH list of hazardous drugs.

With regard to epilepsy therapy, valproic acid is the most
widely used substance in paediatric age (52.4 prescriplions
per 1,000 children, prevalence of 0.3%), especially in the age
group between 2 and 11 years, although slightly reduced
(-1.0%) compared to 2017.

Valproic acid is a broad-spectrum antiepileptic, belonging to
fatty acid derivatives, whose mechanism of action boosts the
gabaergic pathway. It is indicated in the treatment of gener-
alised epilepsy in the form of absences, myoclonic and ton-
ic-clonic seizures, partial (focal) and secondary generalised
seizures and specific syndromes (West, Lennox-Gastaut).
Phenytoin is an anticonvulsant drug derived from hydanto-
in. Parenteral phenytoin is indicated for the control of ton-
ic-clonic seizures (grand mal) and for the prevention and
treatment of seizures that appear during or after neurosur-

gery and/or severe head trauma. It is also used in the treat-
ment of cardiac arrhythmias such as life-threatening ven-
tricular arrhythmias or secondary arrhythmias caused by
digoxin poisoning, in cases of non-response or intolerance to
other anti-arrhythmic treatments.

The consumption of antiparkinson drugs has increased over
the last six yearson average (Compound Annual Growth Rate,
CAGR) by around 2% a year, reaching 5.2 DDD/1,000 inh./
day in 2018; dopa-derivative agonists, with a consumption of
2.3DDD/1,000 inh./day, are among the most prescribed sub-
categories, up from 2017 (+1.1%).

Apomorphine is a potent synthetic D1 and D2 dopaminergic
agonist, very similar to dopamine, administered subcuta-
neously by infusion in patients with advanced Parkinson’s
disease, for the treatment of severe motor fluctuations, oc-
curring several times, and resistant to therapy with levodopa
and oral dopamine agonists.

The benzodiazepines are widely used and have sedative,
hypnotic, anxiolytic, anticonvulsant, myorelaxant and am-
nestic properties, which are useful in a variety of indications,
such as alcohol addiction, convulsions, anxiety, insomnia
and agitation.

Clonazepam isindicated for most clinical forms of epilepsy in
infants and children. Clobazam is indicated in the treatment
of anxiety, stress and other somatic or psychiatric manifesta-
tions associated with anxiety syndrome and in the treatment
of insomnia.

2.6 Musculoskeletal System

In 2018, musculoskeletal system drugs ranked eighth among
public spending items. Expenditure on purchases by public
healthcare facilities is lower, butitis up sharply yoy (+103.7%),
as is consumption (4.6 DDD/1,000 inh./day; +8% compared
t0 2017).

The consumption of drugs in this category increases with
age in both genders, with the highest values in the over-75
age group, but with a higher per-capita expenditure in wom-
en (29.6 euros) versus men (15.9 euros) in relation lo the in-
creased use of bisphosphonates in women for the treatment
of osteoporosis.

Zoledronic acid is a bisphosphonate and acts as an inhib-
itor of osteoclastic bone resorption. For intravenous use, it
is indicated for the treatment of osteoporosis, osteoporosis
associated with chronic systemic glucocorticoid therapy in
post-menopausal women and adult men in the presence of
increased risk of fractures, tumour-induced hypercalcemia
(TIH) and prevention of skeletal damage (pathological frac-
tures, vertebral compression fractures, etc.) in adult patients
with advanced malignant tumors affecting bones.

Disodium pamidronate also belongs to bisphosphonates
and is used by infusion in the treatment of tumour-induced
hypercalcaemia (TIH) and osteolytic lesions in patients
with bone metastases associated with breast cancer, in ad-
dition to specific tumour treatment, or with stage III multi-
ple myeloma.
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Biohazard are present also among myorelaxants.

An AIFA note of 14/03/2019 reported that the preclinical re-
sults showed a risk of genotoxicity associated with the sys-
temic use of thiocolchicoside, a semi-synthetic sulphurous
derivative of colchicoside with myorelaxant pharmacologi-
cal activily and used in the treatment of painful muscle con-
tractures in acute spinal diseases.

2.7 Systemic Hormonal Preparations, Excluding Sex Hormones

In 2018, this therapeutic category is the ninth largest pub-
lic expenditure item, largely linked to purchases by public
health facilities. Consumption of these drugs decreased by
4.3% compared to 2017 to 5.2 DDD/1,000 inh./day.

The subcategory with the highest impact on expenditure is
that of somatostatin and its analogues, which account for
32.1% of the expenditure of the whole class.

This subcategory includes pasireotide, a cyclic hexapeptide
that exerts its pharmacological action by binding to soma-
tostatin receptors and is used for subcutaneous or intramus-
cular administration in the treatment of adult patients with
acromegaly for whom surgery is not indicated or has not
been resolved or adequately controlled with other therapies,
and in thatof adult patients with Cushing’s disease for whom
surgery is not indicated or has proven ineffective.

Among the hormones of the posterior lobe of the pituitary
gland, oxytocin is a cyclic nonapeptide obtained by chemical
synthesis and identical to the natural hormone produced by
the hypothalamus and stored in the posterior pituitary gland,
from where it is released into circulation in response to suck-
ing and labour. Due to its action in stimulating the smooth
muscles of the uterus, the drug is used in the medical induc-
tion of labour (in cases of pregnancy beyond term, premature
rupture of membranes, pre-eclampsia), in selected cases of
primary or secondary uterine inertia and in post-partum
haemorrhages not responsive to methylergometrine.

2.8 Genito-urinary System and Sex Hormones

In 2018, drugs for the genito-urinary system and sex hor-
mones are the tenth largest public expenditure item. The
share referred to the purchase by public healthcare facili-
ties is modest and has recorded a reduction in consumption
(-2.2%) compared to 2017.

Consumption of this category is almost exclusive to women in
the 15-to-54 age group, with a peak between 25 and 44 years
of age in relation to the use of hormonal preparations, while
there is a sharp shift in the use of these medicinal products
lowards men, from the age of 55, mainly for the treatment of
prostatic hypertrophy, up to a prevalence of use of 40% in men
over75.

With regard to medicines purchased by public health facili-
ties, gonadotropins for the treatment of infertility are the cat-
egory with the highestincidence on expenditure,accounting
for 7% of consumption of the entire category.

Human chorionic gonadotropin (hCG) is obtained from the
urine of pregnant women, collected between 60 and 90 days

of pregnancy, and subjected to a purification process. It has
a biological action similar to that of the luteinising hormone
(LH), secreted in the pituitary gland, which is expressed in
men with the stimulation of Leydig cells (development of sec-
ondary sexual characteristics, descent of the testicles) and
in women with the maturation of the ovarian follicle and the
induction of ovulation. In males, it is used in paediatric age
for the treatment of cryptorchidism, hypogonadism and hy-
pogonadotropic eunuchoidism and in adults with azoosper-
mia, oligoasthenospermia, or asthenospermia, when due to
a condition of hypogonadotropic hypogonadism, in associa-
tion with FSH. In women, it is indicated in cases of primary
and secondary amenorrhea, ovarian hypoplasia, menomet-
rorrhagia, recurrent abortion, threatened abortion, anovula-
tory infertility, or infertility from deficient oogenesis.

Alpha choriogonadotropin is recombinant human cho-
riogonadotropin (r-hCG) produced using recombinant DNA
technology in Chinese hamster ovarian cells (CHO) and, like
physiological choriogonadotropin, simulates the action of
LH. It is used in the treatment of adult women undergoing
superovulation in preparation for medically assisted repro-
duction and anovulatory or oligo-ovulatory techniques.
Cetrorelix is an antagonist of the luteinising hormone re-
lease hormone (LHRH), which prevents it from binding to
the membrane receptors of pituitary cells by controlling the
secretion of gonadotropins (LH and FSH). The drug is used
as part of assisted reproduction techniques to prevent pre-
mature ovulation in patients undergoing controlled ovarian
stimulation for oocyte collection.

Ganirelix is a GnRH antagonist that modulates the hypotha-
lamic-pituitary-gonadal axis by competitive bonding with
GnRH receptors in the pituitary gland, causing a rapid and
intense reversible suppression of endogenous gonadotropin
release without the initial stimulation observed with GnRH
agonists. It is used to prevent the early peak of LH in women
undergoing controlled ovarian hyperstimulation (COH) in
assisted reproduction techniques (ART).

Urofollitropin is a hormone with follicle-stimulating activi-
ty only (FSH), highly purified from post-menopausal human
gonadotropin (hMG). The main effect of parenteral adminis-
tration in women is the development of mature Graaf follicles
and ovulation induction. It is indicated for the treatment of
infertility, in combination with chorionic gonadotropin, in
patients with polycystic ovary syndrome, amenorrhea or
anovulatory states due to follicular phase failure, with an
increased LH to FSH ratio. It is also used to stimulate multi-
ple follicular development in women undergoing ovulation
induction in assisted reproduction programmes. In male
sterility, in association with hCG, it is indicated to induce
spermaltogenesis in the presence of hypogonadotropic hypo-
gonadism.

Progesterone is a natural steroid secreted by the ovary,
placenta and adrenal glands. In the presence of adequate
oestrogen levels, progesterone transforms a proliferative
endometrium into a secretory endomelrium, increases
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endometrial receplivily for the purpose of implanting an
oembryo and, once this has occurred, promotes the mainte-
nance of pregnancy. Administered by subcutaneous or in-
tramuscular injection, itis indicated in women as a support
for the lutein phase in assisted reproduction programmes,
in the preparation for gynaecological and extra-gynaeco-
logical surgery lo be performed during pregnancy, in case
of threat of abortion, habitual abortion, threat of premature
birth, hypermenorrhea, polymenorrhea, metrorrhagia,
amenorrhea, hypomenorrhea, oligomenorrhea, premen-
strual syndrome and for the prophylaxis of post-partum
depression.

Cyprolerone acelale is a peripheral androgen receplor an-
tagonist steroid with progestin and antigonadotropic effects,
which reduce testosterone synthesis in the testicles. It is in-
dicated as an antiandrogen treatment in inoperable prostate
cancer and in the therapy of sexual deviations in men. The
use of cyprolerone acelale is not indicated in women.
Testosterone (undecanoate, enanthate, propionate) is a de-
rivative of the male sex hormone normally present in nature,
synthesised in the testicles and, to a lesser extent, in the ad-
renal cortex. For intramuscular use, it is indicated in replace-
ment therapy for male hypogonadism. In women it is used
in cases of haemorrhages due to fibromyoma and in cerlain
forms of breast cancer, as an adjuvant.

2.9 Miscellaneous

This therapeutic category comprises drugs that cannot be
classified in the categories above, such as antidoles, diag-
nostic radiopharmaceuticals, drugs for the treatment of
hyperkalaemia and hyperphosphataemia, which, taken as
a whole, constitute the twelfth item of public expenditure,
almost entirely determined by purchases by public health
facilities.
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The use of these drugs appears to be marginal up to the age of
55in both genders, while subsequently there is a progressive
increase with age, greater in men, up to a prevalence of use of
3.2% in men and 2.7% in women after the age of 75.

The subcategory with the greatestimpact on hospital spend-
ing is iron-chelating substances, which account for 27.5% of
the expenditure of the entire class.

Dexrazoxane is an analogue of EDTA (ethylendiammine
tetracetic acid) used as an antidote to anthracyclines, as it
is able lo chelate metal ions, including iron, reducing the
iron-dependent oxidative stress that causes the cumulative
chronic cardiotoxicity induced by anthracyclines. Another
mechanism of action would involve type [Itopoisomerase in-
hibition. Dexrazoxane is indicated for the prevention of car-
diotoxicity in adults with advanced and/or metastatic breast
cancer treated with anthracyclines.

Among diagnostic radiopharmaceuticals, calcium trisodium
pentetate has only recently received marketing authorisation
in Italy (Official Gazette General Series no.134 0f12/06/2018).
The solution obtained from radiolabelling with sodium
pertechnetate (99m Tc) can be used intravenously in dynam-
ic renal perfusion scintigraphy (functional and urinary tract
studies), brain angiography and brain scintigraphy.

Among the endothelin receptor antagonists, bosentan and
macitentan are indicated in the treatment of pulmonary ar-
terial hypertension.

Dronedarone is an antiarrhythmic agent indicated for the
maintenance of sinus rhythm following cardioversion with
satisfactory outcome in clinically stable adult patients with
paroxysmal or persistent atrial fibrillation (AF).

In the treatment of symptoms of benign prostatic hyper-
plasia, a condition with high prevalence and social impact,
dutasteride and finasteride are both competitive inhibitors
of 5-a-reductase.
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3.CONCLUSIONS

Despite the great efforts made around the world, defining
shared standards on the safe handling of hazardous non-on-
cological drugs is still an unresolved issue.

The United States of America has drawn up useful technical
guidance documents and the official publication of Chapter
800 of the US Pharmacopoeia is expected soon (USP Gener-
al Chapter <800> Hazardous Drugs-Handling in Healthcare
Seltings), while Europe has generated the largest scientific
outputin thisarea. Although the work on both continents has
the same scientific validity, it should be noted that the recom-
mendations in US documents do not always lend themselves
tobe applied as they are to European countries, mainly due to
regulatory differences between the various countries.
Asaresultof the lack of consistent data on the possible harm-
ful effects associated with occupational exposure to haz-
ardous non-cytotoxic drugs, the few standards issued so far
have been consensus documents rather than evidence-based
guidelines and often use heterogeneous terminologies.
There is no denying that there is no clear evidence of bene-
fit in the application of additional procedures (such as CSTD
controlled environmental systems, systems increasingly
used in the handling of antiblastic drugs), but neither can
it be ignored that these interventions are not harmful to ex-

posed workers and produce minimal discomfort (implemen-
tation of uncertain and apparently unnecessary procedures
or technologies, anxiety, physical and economic constraints)
compared with the potential benefit of avoiding or mitigating
harmful effects on the health of exposed workers.

Though not the subject of this publication, the exposure
risk at the home of the patient treated with hazardous drugs
should also be mentioned. With the increasing number of
approved oral drugs, and not only in oncology, exposure risk
for relatives and caregivers, in addition to healthcare work-
ers engaged in home care. This can be done through direct
contact with the drug or indirectly through the patient’s
excreta, and in this context, precautions are certainly less
stringent.

Given the importance of the issue of health and safety in the
workplace, more initiatives should be adopted at internation-
al level, with the aim of issuing appropriale procedures and
standardising specific legislation as much as possible. A first
step in this direction is certainly the creation of a list of “haz-
ardous” drugs, a list inevitably characterised by accentuated
dynamism, as new information becomes available and more
accurate recommendations are made available.

This first list aims lo provide a canvas on which to work with
several hands, in order to provide a European programme for
the management of exposure risk to hazardous drugs.
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TABLE 2- SUGGESTED NOT INCLUDED OR DRUGS EXCLUDED FROM THE NIOSH 2020 LIST

SOURCE

DRUG

THERAPEUTIC

GROUP

PHARMACEUTICAL FORM

SAFETY AND
HAZARDS
(da https://pubchem.ncbi.nlm.nih.gov)

New proposal
not included

New proposal not
included

New proposal not

botulinum toxins, all

toxin A and onabotu-

forms, including
abobotulinum

linum toxin A

darbepoetin alfa

interferon beta-1b

Antianemic drugs,

immunostimulants,

Myorelaxants

erythropoietin

Antivirals,

powder
solution (internal use)

solution (internal use)

powder

no data available

no data available

no data available

included .
interferons
modified-release tablet
Supressed paliperidone Antipsychotics extended-release tablet H301(100%): Toxic if swallowed
pre-filled syringes/vial + syringe [Danger Acute toxicity, oral|
extended-release suspension
H301(96.55%): Toxic if swallowed
[Danger Acute toxicity, oral|
H310 (100%): Fatal in contact with skin
[Danger Acute toxicity, dermal]
dofil ical H315 (100%): Causes skin irritation
po Ol Hox t;)pllca antimitotic agents gel [Warning Skin corrosion/irritation]
solution/ge H319 (100%): Causes serious eye irritation
[Warning Serious eye damage/eye irritation]
H335 (96.55%): May cause respiratory irritation
[Warning Specific target organ toxicity, single
exposure; Respiratory tract irritation]
podophyllum topical | antimitotic agents cream no data available
H301(99.02%): Toxic if swallowed
[Danger Acute toxicity, oral|
. H331 (13.73%): Toxic if inhaled
film-coated tablet S .

' ' . . - [Danger Acute toxicity, |nhal§tlon]

Supressed risperidone Antipsychotics e H351(12.75%): Suspected of causing cancer
<olution [Warning Carcinogenicity|
H4T (23.53%): Toxic to aquatic life with long
lasting effects [Hazardous to the aquatic
environment, long-term hazard]
Supressed telavancin solution for infusion no data available
H360 (98.41%): May damage fertility or the
e ‘ Hypnoti.cs and tablet unborn child [Danger Reproductive toxicity|
included triazolam sedatives capsule H362 (100%): May cause harm to breast-fed
benzodiazepines drops children [Reproductive toxicity, effects on or via
lactation]
SOURCE:

* NIOSH [2020]. Draft NIOSH List of Hazardous Drugs in Healthcare Settings, 2020 https://www.cdc.gov/niosh/docket/review/docket233¢/pdfs/DRAFT-NIOSH-
Hazardous-Drugs-List-2020.pdf
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TABLE 3 - RECOMMENDATIONS FOR THE USE OF PPE AND ENGINEERING MEASURES

CONTROLLED
FORMULATION ACTIVITY GLOVES I(')l‘\’?_:::fg EYE/FACE PROTECTION PRg'II-E:zITTST\IO:::B) ENVIRON-
MENT SYSTEM
Material receipt, Yes, in case Yes. in case of spills
All Unpacking Yes of spills No ’ P No
or leakages
and Storage or leaks
Intact Tablets Administration Yes No Yes, in case'of.vomltmg No not applicable
or Capsules or spitting
Cutting, crushing
her handli . .
Tablets eyl Yes, if not carried out
of tablets or capsules; Yes Yes No . . . Yes
or Capsules . in an airtight device
handling of uncoated
tablets
. Yes, if not carried out Yes, if not carried out
Preparation Yes Yes . o . . L . Yes
in an airtight device in an airtight device
Oral or infusion licabl
solutions . - not applicable
Administration Yes Yes Yes, in case'of vomiting Yes, preferable CSTD
or spitting
recommended
. Yes, if not carried out Yes, if not carried out
Preparation Yes Yes . . . . . . Yes
Topical in an airtight device in an airtight device
formulations Yes. i f i
Administration Yes Yes Yes, if the liquid can splash L 'potentlal not applicable
inhalation
. . . . . Yes
L. . Preparation Yes Yes Yes, if not carried out Yes, if not carried out CSTD
Liquid solutions (vial suction/mixing) in an airtight device in an airtight device
for subcutaneous/ recommended
intramuscular/ not applicable
intravenous use Administration Yes Yes Yes, if the liquid can splash Yes, preferable CSTD
recommended
. Yes, if not carried out Yes, if not carried out
Preparation Yes Yes . L . . . . Yes
in an airtight device in an airtight device
Irrigation solutions i
. . . Yes, if not carried out Yes, if not carried out not applicable
Administration Yes Yes . . . . o . CSTD
in an airtight device in an airtight device
recommended
. Yes, if not carried out Yes, if not carried out
Preparation Yes Yes . . . . . . Yes
Powder/Inhalation in an airtight device in an airtight device
Solution (aerosol Yes. i f i
( ) Administration Yes Yes Yes, if the liquid can splash €5 1N case o ‘potentlal not applicable
inhalation
Drugs and . . .
. D . - Yes, f .
Metabolites |sposa.l Yes Yes Yes, if the liquid can splash SHIIER0 .potent|al not applicable
. . and Cleaning inhalation
in Body Fluids
Contaminated Dlsposa.l Yes Yes Yes, if the liquid can splash Yes,in case ofpotentlal not applicable
waste and Cleaning inhalation
Spills Cleaning Yes Yes Yes Yes not applicable

CSTD: closed system transfer device

GENERAL TIPS

+ Oral/enteral formulations: do not touch the tablets/capsules directly, but place the drug to be administered in a small glass/cup
+ Formulations for injection: when preparing the drug, work at waist height and not face height, and use, only if a CSTD is not available, a large gauge needle to
reduce the risk of vaporisation of the solution
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