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As can be clearly seen, the work of updating and
releasing these new standards has been contributed to
by many of the members of ISOPP, and we must
thank them for their willingness to contribute their
knowledge.

These Standards of Practice will continue to be used
as an advocacy tool for pharmacists around the world

in improving cytotoxic safe handling and care for
patients.

Shaun O’Connor (Australia)
Kimberley-Ann Kerr (Australia)
Alexandre Chan (USA)

ISOPP Standards Committee Co-Chairs
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Section | = Introduction

Cancer is an uncontrolled growth and spread of cells that
may affect almost any tissue of the body. Lung, breast,
colorectal, and prostate cancer are the most common
cancers worldwide. More than 19.3 million new cases of
cancer were diagnosed in 2020. Cancer was responsible
for almost 10 million deaths worldwide in 2020."

I.I Hazardous drugs

A hazardous drug is a drug whose inherent toxicity presents
a danger to healthcare personnel. These drugs are identified
based on one or more of the following characteristics:

(a) carcinogenicity,

(b) genotoxicity,

(c) teratogenicity or other developmental toxicity,

(d) reproductive toxicity,

(e) toxicity at low doses in animal models or treated patients,
(f) new drugs whose structure and/or toxicity profile mimics
existing drugs determined hazardous by the five previous
criteria.”™

Hazardous drugs include chemotherapy drugs, antiviral
drugs, hormones, some bioengineered drugs, and others.?

Hazardous drugs require safe handling precautions. The
precautions required will depend on potential routes of
exposure, anticipated toxicity, and activities involved in
handling the drugs.

NIOSH publish the “List of Antineoplastic and Other
Hazardous Drugs in Healthcare Settings™ and eviQ
publish an Australian version which can be accessed
online for up-to-date information.’

1.2 Cytotoxic drugs

Cytotoxic drugs are a subset of hazardous drugs. Cytotoxic
drugs (chemotherapy drugs, antineoplastic drugs) have
been in clinical use for decades and are of great import-
ance in the treatment of cancer and other diseases.®
With close to 100 cytotoxic drugs now in use and more
under development, cytotoxic drugs have opened new
avenues ranging from improving patients’ quality of
life to achieving cures.

Cytotoxic drugs are chemicals that affect cell growth and
proliferation. Most bind directly to genetic material in the
cell nucleus or affect cellular protein synthesis. Typically,
cytotoxic drugs do not distinguish between normal and can-
cerous cells.

Most cytotoxic drugs are myelosuppressive. This puts
patients at a high risk of developing severe infections, par-
ticularly patients who are immunocompromised prior to
treatment. For this reason, when parenteral cytotoxic
drugs are prepared enhanced aseptic procedures must be
strictly followed to prevent microbial contamination.
Because most of these agents have a narrow therapeutic
index, the accuracy of the preparation must also be
assured. Pharmacy departments must have rigid checking
procedures in place (see Section 11).

1.3 Occupational exposure

Occupational exposure to hazardous drugs and the potential
health risk to healthcare workers first became a recognised
safety concern in the 1970s.

Published data related to occupational exposure
prompted the US Occupational Safety and Health
Administration (OSHA) to issue guidelines in 1986 for
handling antineoplastic and other hazardous drugs by
healthcare personnel. These guidelines have continued to
be updated.*

A multitude of national organisations, both governmen-
tal and professional, continue to release safe handling
guidelines for hazardous drugs, including cytotoxic drugs.
Some prominent examples are ASHP,” USP,® European
Commission (Eudralex),9 and QuapoS.10

Some guidelines, including those above, have the status
of enforceable national law; others are European directives
(to be translated into national laws). Some are pure guide-
lines (non-enforceable but recommended as ‘‘best prac-
tice’’). Additionally, there may be legislation that governs
occupational exposure management.

Sources of exposure of health care providers to cytotoxic
drugs are varied. Routes of exposure are typically inhal-
ation, dermal, or oral.

One route of exposure is inhalation via droplets, particu-
lates, and vapours. Many procedures can generate aerosols,
including but not limited to the following:
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(a) piercing a vial and adding or removing material from a
vial; manipulation of ampoules,

(b) drug injection into an IV line,

(c) removal of air from a syringe or infusion line,

(d) leakage at the tubing, syringe, or stopcock connection,

(e) clipping used needles,

(f) drying of contaminated areas resulting in airborne drug
particles.

Vapourisation of antineoplastic drugs has been recorded
with drugs such as carmustine, ifosfamide, thiotepa, and
cyclophosphamide.''™"? Dermal contamination can arise
from cytotoxic drug contamination on the outside of
vials."*"” Thus, the environment may be contaminated
even before cytotoxic reconstitution begins. Researchers
have detected air levels of cytotoxic drugs inside and
outside biological safety cabinets from wipe samples of
cytotoxic drugs on surfaces of workstations and at points
distant from the preparation and administration of
drugs.??

Studies have found that most work surfaces in areas
where cytotoxic drugs are handled are contaminated with
the drugs.'>'***>7 In studies from several countries,
working surfaces of biological safety cabinets, counter
tops, floors, equipment and other surfaces have been
shown to be contaminated.

Inadvertent ingestion is also a problem. When food or
beverages are prepared, stored, or consumed in work
areas, they may easily become contaminated with cytotoxic
drugs.

Needlestick injuries are another potential route of expos-
ure and sufficient care must be taken with aseptic technique
and disposal of contaminated sharps.

The greatest risk is direct skin contact following a spill or
leak where contamination of personnel and the environment
may occur.

1.4

As cytotoxic based cancer treatments have evolved and sur-
vivors live longer, secondary malignancies have emerged to
be a significant impact of this therapy.*®

In the 1970s, Falck et al.®” indicated that unprotected
nurses who worked in environments where hazardous
drugs were prepared and administered had higher levels
of mutagenic substances in their urine than non-exposed
workers. This suggested that nursing personnel were
being occupationally exposed to cytotoxic drugs, many of
which were mutagenic. This was confirmed by numerous
studies examining urine mutagenicity, chromosomal aber-
rations, sister chromatid exchanges, and other outcomes
in  pharmacists and nurses handling cytotoxic
drugs.?**%*! Research has continued to show evidence of
chromosomal abnormalities in workers handling cytotoxic
drugs.*

Impact of hazardous drug exposure

Workers experienced other adverse health effects. A
review of 14 studies linked exposure to antineoplastic
drugs with adverse reproductive effects, and nine studies
showed some positive association.*> The most common
reproductive effects found in these studies were increased
fetal loss,44’45 congenital malformations,46 low birth
weight, congenital abnormalities,*’ and infertility.**

Because a direct cause-and-effect relationship could not
be determined, more direct methods of determining expos-
ure have been developed. Refer to Section 26 for more
information on medical surveillance.

1.5 Newer drugs and classes

The introduction of monoclonal antibodies (mABs), conju-
gated antibodies (both radioactive and cytotoxic), and
immunotherapy have posed more questions for pharmacists
and staff handling cytotoxic and other hazardous drugs on a
regular basis. Conjugated antibodies must be treated as the
conjugated moiety. However, mABs and immunotherapy
drugs have less clear guidance as these straddle the bound-
ary between cytotoxic drugs and non-hazardous medica-
tions. For detailed recommendations on how to assess
mABSs, consider the advice in Section 22.

1.6 New standards

With the update to these standards, new sections have been
developed to improve the safety and quality of oncology
pharmacy 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 hand-
ling in research facilities.

1.7 Conclusions

Working with hazardous drugs in health care settings may
cause skin rashes, has been associated with infertility, mis-
carriage and birth defects, and raises concerns about the
possible development of leukemia or other cancers. To
provide workers with the greatest protection, employers
must implement necessary administrative and engineering
controls and assure that workers use sound procedures for
handling hazardous drugs.

Work practices of employees influence their own occu-
pational exposure and that of those around them.
Employees must stay current with the knowledge of the
occupational risk posed by these drugs and ensure that
their work practices follow the best current
recommendations.

These standards provide general guidance to assist with
the development of processes and procedures to facilitate
safe work systems when dealing with cytotoxic drugs.
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The importance of complying with state, national, and inter-
national 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.

While acknowledging the advances made in protecting

workers from hazardous and cytotoxic drugs since the
first version of these standards, it is still clear there are
improvements to be made worldwide in handling hazardous
and cytotoxic drugs. These standards represent an inter-
national consensus on steps to reduce occupational expos-
ure to cytotoxic drugs in healthcare settings.
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Section 2 - Transport of cytotoxic drugs

Cytotoxic drugs should be packaged, stored, and trans-
ported so as to provide physical and chemical protection
for the drugs, personnel handling and transporting them
and the environment. Throughout cytotoxic transport, the
number of staff potentially exposed to cytotoxic drugs
should be minimised. If drugs are spilled or damaged
during transport, protection of the handlers is paramount
and should be anticipated and planned for.

Transport must be in accordance with all local, state,
provincial, and federal legislation concerning the transport
of hazardous agents. This includes transport from suppliers
and within the institution of commercial products and com-
pounded admixtures.

For transport of cytotoxic waste, see Section 15.

2.1
2.1.1

Primary containers should be made of materials that resist
damage resulting in leakage. These include unbreakable
plastic vials and glass vials in unbreakable plastic contain-
ers or over-wrapped in unbreakable plastic. Pharmacy
departments should preferentially purchase products in
unbreakable packs.

Transport from supplier

Primary containers

2.1.2  Packaging

To prevent damage to primary containers, all products from
the manufacturer or wholesaler should be protected with
high-impact-resistant molded foam or other protective
packaging. The packaging must also ensure containment
of cytotoxic material in the event of breakage. The
product should be placed in corrugated cardboard or other
shippers with strong insulating properties to protect the con-
tents from rough handling during transport.

Use of ice bricks or ice packs for refrigerated products is
recommended to maintain temperature within an acceptable
range. All refrigerated shipments should have a temperature
monitor inside, preferably digital, that constantly monitors
internal temperature within the shipper. Packaging should
also contain enough foam to ensure the products do not
move in transit. The load should be arranged so that move-
ment of cartons is minimised.

2.1.3 Labelling

Cytotoxic drugs must be easily identifiable by all personnel
involved in their handling. The outer packaging of contain-
ers should display labels stating the goods are cytotoxic.
Most countries have a standard symbol for cytotoxic
drugs. On most labels, symbols are purple and often
include a representation of a cell in telophase. Other
labels may be yellow with a crab-like symbol. Labels
may say “Danger/Caution Cytotoxic” or include an exclam-
ation mark. Staff at the reception and storage points must be
trained to recognise these symbols (see Section 4).

Safe temperature and light storage conditions should be
labelled on the outer packaging. The shipper must have full
instructions on what to do in case of an emergency, espe-
cially a spill or breakage. The label must state that contact
with any leaked material should be avoided. Contact
details for a source of advice should be included.

2.1.4  Cytotoxic spill management

All personnel involved in the storage and transport of cyto-
toxic drugs should receive instruction on dealing with
breakages and spills, including potential hazards and
correct procedures. A cytotoxic spill kit should be available
in the delivery vehicle. Delivery personnel should have a
mobile phone and a contact number for immediate advice
(see Section 14).

2.1.5 Receiving and inventory control

Several studies show that surface contamination can exist
on commercially supplied vials and primary packaging of
cytotoxic drugs. Receiving and inventory control staff
should be informed of this possibility.

Staff should wear single-use chemotherapy gloves when
handling cytotoxic drug vials.

Packages with signs of damage should be quarantined
immediately, and the supplier contacted. Damaged cyto-
toxic vials should be disposed of as cytotoxic waste rather
than returned to the supplier.

Staff should wash their hands after handling cytotoxic
drug vials. Gloves are not a substitute for hand washing.
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Gloves and other potentially contaminated items should be
disposed of as cytotoxic waste.

Employers should make sure the storage area has general
exhaust ventilation sufficient to dilute and remove airborne
contaminants. Consideration should be given to installing a
dedicated emergency exhaust fan large enough to quickly
purge airborne contaminants and prevent contamination in
adjacent areas (see Sections 1 and 6).

2.1.6  Responsibilities of drug manufacturers

Drug manufacturers should supply cytotoxic drugs in con-
tainers guaranteed to be free of contamination.
Manufacturers should provide written certification by an
independent laboratory that vials and primary packaging
are not contaminated. Hospitals and buying groups should
preferentially purchase products that are verified to be
free of contamination.

Manufacturers must provide Safety Data Sheets (SDS)
on all cytotoxic products, with explicit details on decontam-
ination and protection measures to be taken for a spill or
other accident. SDS should be kept current to accurately
reflect the products in use. SDS should be available in all
areas where cytotoxic drugs are stored or used (see
Section 21). The manufacturer must provide details on
physical and chemical stability, recommended storage con-
ditions, and requirements for light protection.

2.2 Internal transport of commercial
product

The transport of commercial cytotoxic drugs and the safety
measures required depend on the quantity of drugs
transported.

2.2.1

If large quantities of cytotoxic vials need to be transported,
wheeled vehicles should be used. The products must be in
their original packaging. The outer boxes must be
wrapped in protective plastic and fastened to the vehicle
using belts.

To unpack and transport smaller quantities, unbreakable
and leak-tight boxes should be used. For extra safety, the
internal part of these boxes should be made of customised
molded foam or a sponge-like material to securely position
the drugs. The risk of damage can be minimised by vials
contained in shock-absorbing unbreakable plastic contain-
ers designed to position and protect the vials.

Packaging

2.2.2 Labelling

When transporting large quantities, labelling should indi-
cate that the contents are cytotoxic. Smaller quantities that

need to be transported after unsealing the primary pack-
aging should also have a label attached to the transport
box. To avoid cross-contamination, transport boxes
should be used solely for cytotoxic drugs.

An additional label should state that the inner contents
are sealed and considered safe for transport. This label
should also mention whom to inform in case of a spill or
other accident.

2.2.3  Spills

Personnel transporting commercial product within an insti-
tution should have a spill kit available. The contents and use
of a spill kit are described in detail in Section 14. In the case
of an accident, an appropriate staff member should be con-
tacted. Until that staff member arrives, those transporting
the drugs should not leave the accident site. They should
open the spill kit to don protective clothing and mark the
area with a warning sign to deter people from stepping
into the contaminated area.

2.3 Transport of compounded admixture

2.3.1

Cytotoxic admixtures should be individually packaged in a
labelled, sealed, leak-proof container, with outer bags heat-
sealed where possible. The container should offer protec-
tion from light and breakage in transit and should contain
leakage if breakage occurs. Disposable containers, for
example, sealed plastic bags, should be used wherever
possible.

Packaging

2.3.2 Drug Transport

Cytotoxic drugs must be delivered directly (without
detours) to the wards and day care centers within a hospital.
All personnel involved in the transport of cytotoxic drugs
should receive instruction concerning potential hazards,
correct handling, and procedures for breakages and spills.

Containers used for transporting prepared cytotoxic
drugs should be hard-walled and robust. They should be
made from molded foam or other material capable of pro-
tecting the product from a drop of one meter onto a concrete
surface. Containers may be lined with absorbent material.
Containers should be dedicated to the transport of cytotoxic
drugs only.

The use of pneumatic tubes to transport cytotoxic drugs
is not recommended.

2.3.3 Labelling

Cytotoxic drugs should be easily identifiable by all person-
nel involved in their handling. Any opaque outer packaging
of containers should display clear warning labels stating the
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goods are cytotoxic. Such labels should carry an identifying
symbol for cytotoxic drugs. Appropriate temperature and
light conditions and expiry dates must be labelled on the
outer packaging.

2.3.4 Cytotoxic spill management

All personnel involved in the storage and transport of cyto-
toxic drugs must receive instruction on dealing with
breakages and spills, including potential hazards and
correct procedures. A cytotoxic spill kit should be available.

All training must be documented. Re-training must be
carried out yearly and these records kept (see Sections 4
and 21).

2.3.5 Documentation of cytotoxic drugs transport

Records may be maintained of transport of prepared cyto-
toxic drugs from the pharmacy to the various units where
these drugs are used (see Section 21).
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Section 3 - Personnel

3.1

The preparation of parenteral cytotoxic drugs should be
undertaken only by trained and credentialed personnel,
ideally from pharmacy. A dedicated person, ideally the
pharmacy manager or pharmacy department head, is
responsible for developing, organising and supervising all
activities related to pharmacy compounding of sterile cyto-
toxic drug preparations. Appropriate measures must be
taken to ensure the safety of personnel during each
preparation.

Responsibility

3.2 Considerations and exclusions from working in
cytotoxic preparation

Personnel must be provided with freedom of choice and
have the right not to work with cytotoxic drugs. Skill
matched and appropriate duties should be provided to
employees who choose not to, or are unable to, work with
cytotoxic drugs. Some examples that may require an indi-
vidual to temporarily not work with cytotoxic drugs are:

Illness. Personnel with upper respiratory infections or cuta-
neous infections should be excluded from preparing cyto-
toxic drugs. Personnel on immunosuppressive therapy
should be risk assessed by an occupational physician.
Family planning. Refer to Section 26.

Abnormal pathology results. Refer to Section 26.

3.3 Hygiene

Strict hygiene procedures must be developed and followed
in the cytotoxic preparation suite. Eating, drinking, chewing
gum and the application of cosmetics must be strictly pro-
hibited. In addition, personnel in the preparation facility
should not wear rings, earrings, bracelets or any other
jewelry.

3.4 Staffing levels

Policies and procedures should be developed and imple-
mented that consider the following:

3.4.1

Expected workload must be assessed when determining
appropriate levels of staffing. Staffing should allow for
the workload during the busiest period and should consider
the complexity of products manufactured.

Number of staff members

3.4.2 Work breaks

The staff allocation must be sufficient to allow for adequate
breaks for those working in the cytotoxic cleanroom. It is
recommended that no more than two hours be spent
working at the biological safety cabinet (BSC) or com-
pounding aseptic containment isolator (CACI — refer to
glossary) without a break. Often staff work in isolation,
and sufficient breaks must be provided to maintain
concentration.

Additionally, different types of gloves are assessed as
being impermeable to chemotherapy drugs for a particular
amount of time. This must be taken into consideration
when determining how long a staff member is allowed to
work without changing gloves or having a break.'"

References
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Section 4 — Education and training

4.1 Education on cytotoxic risks and safe
handling

All staff who handle cytotoxic drugs must be provided with
sufficient education and training applicable to their role,
regarding the risks and safe handling of these drugs. This
includes pharmacy, nursing, and medical staff, as well as
support staff who transport cytotoxic drugs or clean pos-
sibly contaminated areas, where available, specific
courses should be attended.

Patients and caregivers involved in the administration of
chemotherapy in the home should receive basic education
and training on safe handling, dealing with spills, waste dis-
posal, and management of patients’ excreta. Written
instructions should be provided (see Section 18).

Maintenance staff, especially those external to the organisa-
tion (engineers, plumbers, etc.), should be made aware of cyto-
toxic hazards, and of mandatory safety procedures including
appropriate personal protective equipment (PPE) before
allowed into the cleanroom (refer to glossary) to operate.

4.1.1

An education program covering the risks of exposure to
cytotoxic drugs and the measures required for safe handling
and preparation should be developed.

This program may be tailored to groups of staff accord-
ing to their levels of exposure to cytotoxic drugs. The
program should contain the following elements for all staff:

Content of educational courses'

(a) Recognition of drugs that are cytotoxic.

(b) Risks of handling and exposure to cytotoxic drugs,
including institutional work re-assignment policies.

(c) Location and use of safety stations (e.g. eyewash sta-
tions and showers).

(d) Receipt, unpacking, transport and storage of cytotoxic
drugs.

(e) Handling and disposal of cytotoxic waste.

(f) Cytotoxic spills and accidental exposure.

(g) Hospital policies and procedures on cytotoxic
management.

The following elements should be added for appropriate
staff groups:

(a) Basic pharmacology of cytotoxic drugs.

(b) Theory of aseptic technique.

(c) Operational standards for aseptic cytotoxic drug prep-
aration and cytotoxic drug cleanroom standards.

(d) PPE (including donning and doffing).

(e) Safe handling aseptic techniques.

(f) Safe handling of oral, topical, and pre-packaged haz-
ardous drug dosage forms.

(g) Theory of containment devices and barriers.

(h) Theory of hierarchy of protection measures.

(i) Prescribing cytotoxic drugs.

(j) Verification of cytotoxic prescriptions and pharmacy
medication checks (clinical, computer order entry,
and final product release).

(k) Cytotoxic drug use processes (drug selection, pre-
scription verification, preparation (or purchasing), dis-
pensing, administration, and drug use evaluation).

(1) Documentation requirements for pharmacy medica-

tion checks and hazardous drug cleanroom standards.

Specific patient safety and compliance standards,

including intrathecal doses, vinca alkaloids, outpatient

hazardous drug prescription labelling, and latex
allergies.

(m)

The education provided should be tailored to the needs of
the individual based on job description, level of education,
and specific responsibilities. Education should be ongoing,
with attendance at in-house or external courses, seminars,
and symposia strongly encouraged and documented.
Consideration should be given to the re-education of staff
members who have had a prolonged break from work.

4.1.2 Education providers

Education should be provided by academic, clinical, or
technical specialists, depending on the education required.
Staff should attend accredited courses, if available. The
course provider or institution should specify the number
of hours to be completed.

4.1.3 Documentation

Education sessions and attendance at courses should be
documented and records retained indefinitely in the staff
member’s human resources file.
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4.1.4 Certification

Formal external educational courses offered by professional
bodies should preferably have received accreditation from
relevant jurisdictional bodies and an allocation of continu-
ing education hours.

4.1.5 Evaluation

Feedback on educational courses attended should be an
integral part of any program. The effectiveness of the edu-
cational process should be assessed and reviewed regularly.
This may be achieved by a competency test or examination
at the end of the program.

4.1.6 Re-education

It is recommended that the education program be repeated
every 2 to 3 years to keep pace with the introduction of
new drugs and technical innovations. Education should
also be repeated whenever any major change in practice
occurs. Staff who have been absent from cancer services
for 6 months or more should complete the education
program before returning to work.

4.2 Training in the manipulation and safe
handling of cytotoxic drugs

Before being approved to work in the cytotoxic preparation
facility, all staff must be trained in the safe handling and
aseptic preparation of cytotoxic drugs and related waste.
This training may be provided for pharmacists, pre-
registration pharmacy graduates, pharmacy technicians,
and pharmacy practice assistants. Other pharmacy staff
and support personnel may also need to be trained in trans-
porting and storing cytotoxic drugs and dealing with cyto-
toxic spills.

Staff responsible for the aseptic preparation of cytotoxic
drugs should first be trained and demonstrate competency in
the aseptic preparation of non-cytotoxic drugs. Staff
working in cytotoxic or non-cytotoxic aseptic preparation
must have their competency assessed after the first training
session and at least yearly thereafter.

The training of nurses should concentrate on safe hand-
ling during cytotoxic administration, waste handling, man-
agement of extravasation, spill management, and
management of personnel exposure.

This training may be offered in-house or by an external
training provider. If internal training is provided, staff with
expertise in the area, spill kits, and resources used in the
preparation of cytotoxic drugs must be made available.

Staff members handling cytotoxic drugs should be sup-
plied with up-to-date information on all aspects of the safe
handling of cytotoxic drugs and the reported hazards of
low-level exposure to them.

4.2.1

A structured training program in parenteral cytotoxic prep-
aration should be developed. Training should be tailored to
the needs of the individual based on job description and
related risk. This program may contain the following
elements:

Content of training courses

(a) Recognition of which agents are cytotoxic.

(b) Potential risks of exposure to or handling of cytotoxic
drugs.

(c) Operational standards for aseptic cytotoxic drug
preparation.

(d) Operational standards for C-SEC (containment sec-
ondary engineering controls) including airflow, pres-
sures and safe operating parameters.

(e) Use of a relevant C-PEC (containment primary engin-
eering controls: biological safety cabinet (BSC) or
Compounding Aseptic Containment Isolator (CACI),
including parameters for safe operation

(f) Safe handling aseptic techniques and protective
routines.

(g) Use of institution-specific specialised equipment,
including closed-system transfer devices (CSTDs).

(h) Safe handling of pre-packaged cytotoxic drug dosage
forms.

(i) Handling of cytotoxic waste.

(j) Dealing with cytotoxic spills and accidental exposure.

(k) Emergency procedures and location and use of safety
stations.

(1) Documentation requirements for pharmacy medica-
tion checks and hazardous drug cleanroom standards.

(m) Receipt, unpacking, and storage of cytotoxic drugs.

(n) Labelling and packaging.

(o) Transport of cytotoxic drugs.

(p) Environmental monitoring.

(@) Cleaning procedures.

(r) Employee health monitoring.

(s) Verification of cytotoxic prescriptions and pharmacy
medication checks (clinical, computer order entry,
and final product).

(t) Patient safety and compliance standards including
intrathecal doses, vinca alkaloids, outpatient hazard-
ous drug prescription labelling, and latex allergies.

Training should be ongoing with regular updates for any
new procedures or products and should include periodic
tests of competency. Whenever a new hazardous drug is
introduced into the workplace, staff should receive informa-
tion about safe and effective product preparation, documen-
tation requirements, and potential risks of exposure to the
drug.

Each institution should develop and maintain a proced-
ure manual which details the policies and procedures for
the manufacture and administration of cytotoxic drugs.
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This should include a description of aseptic technique,
standard operating procedures (SOPs) for cytotoxic prepar-
ation and administration, cleaning procedures, dealing with
spills, transporting cytotoxic drugs, and health monitoring.
It should contain a full description of all personal protective
equipment and equipment, robotics, and special contain-
ment devices to be used in the preparation of cytotoxic
drugs. This manual should be regularly updated and
should be available to staff at all times.

4.2.2 Trainers

Training of staff in the manipulation of parenteral cytotoxic
drugs should be undertaken by an experienced operator. If
an accredited training course providing instructional
resources and professional publications in the principles
and skills of aseptic technique is available, it is recom-
mended that personnel attend. SOPs for training should
be developed and maintained. Each type of procedure to
be undertaken should have a specific and detailed SOP.
Before personnel attempt to prepare or administer a drug
for a patient, they must be trained in that particular SOP.

4.2.3 Documentation

The training of staff in parenteral cytotoxic preparation
must be structured, and all stages should be documented.
Records of training received should be retained indefinitely
in the staff member’s human resources file.

4.2.4 Validation

Validation of processes. The objective of validation is to
demonstrate that the staff and processes involved in
aseptic preparation are capable of maintaining the sterility
of the product. The media fill test (Broth test) is intended
to simulate routine aseptic operations using microbiological
media to produce units that can be tested for contamination.

The media fill test must use the same devices and trans-
fer methods as the routine procedure to produce an equiva-
lent number of preparations. Tryptone soya culture media is
normally used for the test.

The sterility of the culture media must be checked before
performing the media fill test to ensure that the installation
does not interact with the sterility. For example, when ster-
ilised CACI are used, the sterilisation method can inhibit
the microbiological growth and give false negative results.

The test must be performed at least 3 times and filled
units should be incubated at the designated temperature
for 14 days. The expected results are that no positive
units are found. In the case of a positive result, the cause
of the failure must be investigated, focusing on whether
the facility, process, or operator is the root cause.

Revalidation of the process should be performed when
the root cause is identified. Revalidation should also be per-
formed when any change is made to the process or facilities.

Validation of the operator. The first objective is to demon-
strate that the aseptic technique of the operator undertaking
the aseptic manipulation maintains the sterility of the
product. All aseptic manipulation should be broken into a
number of key steps, such as withdrawing solution from a
vial or addition of a solution to an infusion bag. Each key
step may be investigated using a media fill test.

A second objective is to ensure that the operator can
carry out these aseptic manipulations without environmen-
tal or self-contamination. The operator should also be able
to demonstrate an understanding of the safe handling tech-
niques required to prevent exposure of equipment and staff
to cytotoxic drugs. The use of a fluorescein dye detected
with ultraviolet light is most commonly used.

Revalidation should occur on a regular basis. The fre-
quency will depend on staff turnover, duration of rosters,
and other factors. At a minimum, staff who regularly
prepare parenteral cytotoxic drugs should undergo a
yearly validation test.

Validation of training. The objective of validation is to
confirm that all staff have a satisfactory level of knowledge
and competency for the duties required. The training
program should be validated and should include the critical
sterile cytotoxic preparation processes, including aseptic
process and chemical contamination risks. The impact of
training should be validated by competency checks.

4.2.5 Evaluation

Ongoing feedback from both trainees and trainers should be
an integral part of the program. The effectiveness of the
training should be assessed and reviewed on a regular basis.

4.2.6 Retraining

Retraining is required every 2 to 3 years and whenever any
major change in practice occurs, such as the introduction of
a new cytotoxic agent, process, procedure, or technology.

Retraining of cytotoxic spill clean-up should take place
yearly. A record of the retraining should include the date,
trainee signature, and trainer signature.

Reference
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Section 5 - Hierarchic order in protection

measures

Standards for industrial hygiene commonly include an obli-
gation to follow a hierarchic order of level of protection for
employees in the workplace.

An example of this obligation can be found in Directive
2004/37/EC of the European Parliament and the Council of
29 April 2004 on the protection of workers from risks
related to exposure to carcinogens or mutagens at work.
Most national regulations and laws on industrial health
and safety also include such an obligation.

Taking into account the provisions of relevant laws and
regulations, the employer must perform a risk analysis that
includes the following steps.

Definition of the work areas to be evaluated.
Ascertainment of hazards and burdens (as through
classification of substances).

Evaluation of hazards and burdens.

Specification of necessary measures to take.

(a)
(b)

(c)
(d)

(e) Testing and evaluation of the effectiveness of the mea-
sures and identification of resulting hazards.

The levels of protection measures in descending order of
importance (hierarchical order)! are discussed below. It is
imperative that measures of protection are implemented
starting with level 1 and ending with level 5.

5.1 + 5.2 Levels | and 2: Elimination and
substitution

If a less toxic drug has equal or better efficacy with a similar
or better side-effect profile, changing drugs may be an
option that could be discussed with the treating oncologist.
Changing to a less toxic drug is rarely possible in the treat-
ment of cancer patients.

If levels 1 and 2 are impossible, insufficient, or not prac-
tical the next level is applied.

Most
effective

Controls

Hierarchy of Controls

Y

Engineering

Physically remove
the hazard

Replace
the hazard

Isolate people
from the hazard

Least
effective

Administrative
Controls

Change the way
people work

Protect the worker with
Personal Protective Equipment

Diagram |. Hierarchy of controls.'



ISOPP Standards for the Safe Handling of Cytotoxics

15

Outsourcing of compounding is a method of elimination,
but from a health system wide perspective it still requires
appropriate engineering, administrative and PPE controls
to fulfil the hierarchy of controls at the external compound-
ing site. The use of licensed Ready-to-Administer products
(RTAs) is a new development that can also be considered
locally as elimination, as no preparation is needed in the
hospital pharmacy. These measures reduce the number of
potentially exposed workers in the organisation.

5.3 Level 3: Engineering and ventilation
controls

Cytotoxic drug safety cabinet (CDSC) and CACIs are level
3 measures. CDSCs provide controlled airflow, protection
shields, and HEPA filters. CACI provide hatches, glove
ports, HEPA filters, and a physical barrier between the
product and operator. CSTDs provide an extra level of pro-
tection for employees (see Section 7).

None of these features will completely prevent contam-
ination within the CDSC or CACI. Once contamination has
occurred, it will inevitably enter the environment.

Engineering and ventilation controls must be used for
cytotoxic compounding, along with levels 4 (administrative
controls) and 5 (PPE).

5.4 Level 4: Administrative controls,
organisation measures

Administrative controls seek to minimise exposure dur-
ation, number of workers exposed and maximise effective-
ness of engineering controls. Some examples of
administrative controls are SOPs, training, and operator
validation.

For cytotoxic compounding within CDSC and CACI,
training and validation procedures must be in place.

5.5 Level 5: PPE (also see Section 6)

The use of PPE is the last line of protection for workers and
must be preceded by engineering and administrative con-
trols to minimise toxic products in the environment.

Gloves, masks, gowns, goggles or face shields, and other
equipment create a temporary barrier between the contam-
ination and the operator. Training on adequate donning
and removal of PPE should be ensured.

Safe work practices should be incorporated into SOPs
and reviewed and updated on a regular basis. All staff
should be educated and trained in accordance with these
procedures and performance should be reviewed
periodically.
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Section 6 - Facilities for sterile cytotoxic
reconstitution and personal protective

equipment

Facilities for the sterile reconstitution of cytotoxic agents
need to ensure the protection of the product and the drug
handlers.

Aseptic drug manipulation must take place in a con-
trolled environment to ensure the sterility of the end
product. Additional protective measures are required to
ensure the safety of the operators.

6.1

Centralised preparation of parenteral cytotoxic drugs
should be implemented to protect the final product against
microbiological and particulate contamination and to
protect handlers against exposure to cytotoxic drugs.
Taking into account the pharmaceutical analysis and the
quality control implemented, centralised preparation
improves the quality of the preparation and the safety of
patients. Centralisation of services also provides economic
benefits.

Centralisation is commonly located in the pharmacy.
Many institutions have a satellite pharmacy with a prepar-
ation facility located within an oncology outpatient depart-
ment or close to the inpatient ward where chemotherapy is
most commonly administered. This offers ease of transport
of cytotoxic drugs and enhanced communication among
pharmacy, medical, and nursing staff.

Under no circumstances should nursing staff be permit-
ted to prepare or reconstitute cytotoxic agents on the ward.

Centralised preparation

6.2 Facilities

Due to the risks of environmental chemical contamination
and chemical cross contamination, cytotoxic reconstitution
and preparation must be performed in a controlled area
room (cleanroom, technically referred to as Containment
Secondary Engineering Control (C-SEC)). The cleanroom
should be externally vented with autonomous heating, ven-
tilation, and air conditioning systems (HVAC) and dedi-
cated to those tasks with similarly dedicated equipment.

Compounding Aseptic Containment Isolators (CACIs)
may not need these requirements.

Access to the cleanroom must be restricted to trained
personnel. A warning sign must clearly state this. The use
of standard symbols and colours to identify cytotoxic
agents is recommended. This sign should use wording
such as ‘‘Cytotoxic Preparation Area. Access Restricted
to Authorised Personnel Only.”’

The cytotoxic facility should be designed to allow easy
and adequate access for personnel, equipment, and clean-
ing. Surfaces should be designed to minimise particle shed-
ding and prevent build-up of particulate matter. The design
must facilitate effective cleaning. The cleanroom and ante-
room should have fixed walls. Walls must be lined with a
smooth, durable surface and lighting recessed into the
ceiling. The room should contain as few projecting ledges
and shelves as possible. Floors should be poured and seam-
less if possible. Vinyl tiles have been shown to trap drug
particles.

There should be emergency eye wash facilities available.
Eyes that become contaminated should undergo sustained
irrigation with a commercial eye irrigation solution or
sodium chloride (0.9%). Due to the potential for water pres-
sure damage to the eye, it is not recommended to irrigate the
eye directly with running water from a tap. Consideration
should also be given to the installation of an emergency
shower.

6.2.1

General classification (“Class”) of cleanrooms is given by
the ISO 14644-1 international standard.' This classification
is based on the maximum level of particulate contamin-
ation. For sterile medicinal products, classification of the
room must be referred to the classification (‘‘Grade’’)
given by the EudralLex Good Manufacturing Practices
(GMP) Annex 1, Volume 4, Manufacture of Sterile
Medicinal Products,” and by the PIC/S Guidelines.?
Eudralex applies to the pharmaceutical industry while the

Class of cleanroom
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PIC/S Guidelines apply to pharmaceutical inspection ser-
vices controlling hospital pharmacies.

Cleanrooms are technically referred to as Containment
Secondary Engineering Controls (C-SEC).

This classification takes into account particulate and
microbiological contamination. The room should be
designed to facilitate asepsis in the handling and prepar-
ation of cytotoxic drugs and provide containment of cyto-
toxic drugs if there is a failure of the cytotoxic drug
safety cabinet (CDSC) or CACI or spillage outside the
cabinet or CACI. The requirements for ‘‘Class’ or
““‘Grade’’ environments will depend upon the type of prep-
aration and the equipment used.

(a) Type of preparation
Preparation of sterile cytotoxic drugs is defined as
an aseptic preparation.
(b) Environmental setting
Sterile cytotoxic preparation using aseptic tech-
nique must be performed in a Grade A environment.
Characteristics of a Grade A environment are shown
in Table 1 (particulate contamination) and Table 2
(microbial contamination).
Both unidirectional (formerly called laminar)
airflow CDSCs and isolators are able to guarantee a
Grade A environment. They differ mainly in the

Table |. Particle classification of controlled atmosphere areas,
according to GMP, Annex |I.

At rest In activity

Maximum number of particles/m® >

Grade 0.5 pm 5 um 0.5 pm 5 um

A 3520 20 3520 20

B 3520 29 352,000 2900

C 352,000 2,900 3,520,000 29,000

D 3,520,000 29,000 Not defined Not defined

Table 2. Microbiological monitoring of controlled areas “in
activity,” in accordance with GMP, Annex |.

Recommended microbiological contamination limits (yerage values)

Air Petri dishes

sample  (diameter: Contact plate Glove print
CFU/ 90 mm) (diameter: 55 (five fingers)
Grade m’ CFU/4 h' mm) CFU/plate  CFU/glove
A < < < <
B 10 5 5 5
C 100 50 25 -
D 200 100 50 -

CFU: colony forming unit.
'Petri dishes can be exposed for less than 4 h.

requirements for the immediate environment of the
equipment used. Refer to Section 8 for detailed infor-
mation on CDSC and CACL

ISO classes can be found in the ISO 14644 Standards.'
Grade A/B environments in Eudralex correspond approxi-
mately to ISO classification 5, Grade C to ISO 7, and Grade
D to ISO 8.

According to the PIC/S Guidelines,3 when a unidirec-
tional airflow hood (CDSC) is used for aseptic manipula-
tions, the recommended grade of background
environment is given in Table 3.

According to USP <800>, when preparing sterile haz-
ardous drugs, the CDSC or CACI (Class 5) must be
located in a controlled room, which may either be an ISO
Class 7 buffer room with an ISO Class 7 ante-room (pre-
ferred) or an unclassified containment segregated com-
pounding area. If the background environment is not
controlled, the beyond-use date (BUD) of all compounded
sterile preparations (CSPs) prepared must be limited as
described in USP Chapter <797>. According to USP,
where three risk levels are introduced, the requirements of
a Class D cleanroom for low-risk operations and a Class
C cleanroom for medium and high-risk operations must
be achieved. Those risk levels are assigned according to
the conditions in which sterile preparations are
compounded.

According to PIC/S Guidelines,3 when a unidirectional
airflow hood (CDSC) is used for aseptic manipulations,
the recommended grade of background environment is as
follows:

(a) Aseptic preparation of products with shelf-life <24 h:
at least Grade D.

(b) Aseptic preparation of products with shelf life >24 h: at
least Grade B.*

* If aseptic procedures are extensively documented,
grade C could be accepted for facilities pre-dating the
introduction of the PIC/S Guidelines. In that case,
grade B clothing should be worn.

If an isolator is used (permanently closed, refer to Section
8), the recommended grade of background environment is
as follows:

(a) Aseptic preparation of products with shelf life < 24 h:
at least Grade D.

Table 3. Background environment according to the equipment
used to obtain a Grade A environment.

Working environment Background environment

CDSC
CACI

Grade A
Grade A

Grade B
Grade D
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(b) Aseptic preparation of products with shelf life > 24 h:
at least Grade D.

The background environment for filling terminally steri-
lised products is at least Grade C.

An anteroom leading to a positive pressure room may be
Grade D (ISO Class 8), but an anteroom leading to a nega-
tive pressure room must meet at least Grade C (ISO Class 7)
criteria so that air drawn into the negative pressure environ-
ment is of the same Grade C (ISO Class 7) quality. A pres-
sure indicator should be installed that can be monitored for
correct room pressurisation.

The CDSC and isolator should be completely vented to
the outside air through HEPA filtration.

Additional comments related to the use of isolators. When iso-
lator technology is used, the requirements for the immediate
surroundings will depend on the pressure type of the isola-
tor, and the type of pass-through hatches. Positive air pres-
sure isolators, which are totally and permanently enclosed,
are located in at least a D Grade (ISO 8) environment.
Negative air pressure isolators must be located in at least
a Grade C (ISO 7) environment (PIC/S Guidelines).

In the preparation of cytotoxic agents, containment is the
most important aspect. Special attention must be paid to the
transfer system and pass-through hatches used between the
isolator and the environment. Type F* pass transfer devices
are highly recommended to remove waste and end-
products. These devices use double interlocking doors to
ensure the containment of any chemical contamination
and the sterility of the final product. Type A* transfer
devices must be avoided: during the transfer, inside isolator
air can be directly exhausted into the isolator environment,
especially when using a positive air pressure isolator.

For more information regarding types of isolators, see
Section 8.

6.2.2 Pressure differentials

Pressure differentials should be established within the cyto-
toxic preparation facility with the double objective of pro-
tecting the operators and maintaining the sterility of
parenteral product. Pressure differentials with the surround-
ing environment may be positive or negative.

Positive pressure differential. Positive pressure differential
consists of positive air pressure of the preparation room
and negative air pressure of the airlock hatches and the ante-
room. The negative air pressure of the hatches and
personnel zone acts as a trap to isolate potentially contami-
nated air.

Negative pressure differential. Negative pressure differential
consists of negative air pressure of the preparation room and
positive air pressure of the airlock hatches and the

anteroom. The positive air pressure of the hatches acts as
a barrier.

Pressure differential between adjacent rooms. EudraLex”
recommends a 10-15 Pa pressure difference between adja-
cent rooms of different grades. This does not apply in the
case of a negative pressure room.

A typical graduation configuration for a cleanroom used
for aseptic preparation is given below:

(a) 10-15 Pa between Grades A and B,

(b) 8-10 Pa between Grades B and C,

(c) 2-6 Pa between Grades C and D,

(d) 2 Pabetween Grade D and surrounding zone.

This example of graduation has to be adapted to reach the
above proposed pressure differential (a) or (b) for aseptic
preparation of cytotoxic drugs.

In all cases, it is recommended that the room where cyto-
toxic agents are stored is under negative pressure to prevent
dissemination of contamination in the event of breakage.

According to USP 800, there is no option for the pres-
sure of the preparation room which should be negative
(between 0.01 and 0.03 inches of water column (between
~ 2.5 and 7.5 Pa) relative to all adjacent areas).

According to the PIC/S Guidelines,® aseptic prepara-
tions, either open or closed procedures, are to be prepared
in Grade A environment with surrounding environment
placed in positive pressure. Preparation of hazardous phar-
maceuticals, such as cytotoxic drugs, radiopharmaceuticals,
and radio-labeled blood products, can be prepared under
negative pressure to protect the operator and environment
from contamination, but only with appropriate precautions
(appropriate background room air quality, positive pressure
airlock systems) against microbial contamination of the
product.

Both PIC/S and USP 800 state that laminar airflow
workbenches (LAFWs) are not suitable for compounding
sterile hazardous products and recommend the use of
CDSCs with a vertical downflow exhausting vertically
from the cabinet, not towards the operator.

Combining both recommendations, CDSCs of Grade A
(ISO 5) are located in a negative air pressure room of
Grade C (ISO 7). Positive pressure isolators Grade A
(ISO 5) are located in a negative air pressure room of
Grade D (ISO 8) or uncontrolled Grade room. Negative
air pressure isolators Grade A (ISO 5) are located in a nega-
tive air pressure room of Grade C (ISO 7).

Anterooms must be ISO Class 7 or better and main-
tain a minimum of 30 air changes per hour of
HEPA-filtered supply air and a positive pressure of at
least 0.2 inches of water column relative to all adjacent
unclassified areas.



ISOPP Standards for the Safe Handling of Cytotoxics

19

6.2.3 Air changes

A minimum air change per hour (ACPH) of 20 room
volumes is required. Areas known to generate large
number of particles, such as changing rooms, may have
up to 60 ACPH. According to USP <800>, if the room is
Grade C (ISO 7), the minimum should be 30 ACPH. If
the room is not controlled, the minimum should be 12
ACPH.

6.2.4 External exhaust of air from the work area

The air from the workplace must be exhausted to the atmos-
phere to prevent exposure of personnel. According to USP
800, all engineering controls for sterile hazardous drug
compounding must be externally vented (preparation
room, buffer room, anteroom) even for unclassified areas.

A HEPA exhaust filter should be used to decrease con-
tamination of the air exhausted. However, some anticancer
drugs are vapourised and pass through HEPA filters. Some
countries, for example Australia, mandate the use of acti-
vated carbon filters to trap vapourised cytotoxics.
However, these filters may not guarantee complete reten-
tion (see Section 8).

The location of the exhaust point of the duct is usually
2 m above the nearest building.

6.2.5 Temperature and humidity

To prevent microbiological contamination and ensure
comfort of the personnel working in the area, the tempera-
ture of the preparation rooms should be controlled. A tem-
perature in the range of 18 °C-22 °C is acceptable.

The humidity must be controlled to prevent corrosion
and condensation on work surfaces and provide operator
comfort. In addition, for CACIs which are sterilised by
hydrogen peroxide vapour, the humidity of the surrounding
environment must be strictly controlled. The human
comfort zone is generally in the range of 30-70% relative
humidity. For CACIs sterilised by hydrogen peroxide, a
50% relative humidity level must be reached and controlled
between 40% and 60%.

6.2.6 Access of personnel to the cleanroom

Access to the cleanroom should be through an anteroom.
An effective airlock must exist between the cytotoxic
suite and the external environment. Procedures must be in
place to prevent the simultaneous opening of doors and
pass-through hatches. If interlocking doors are used, a
safety override switch should be installed for emergency
situations. The doors should preferably be fitted with an
audible or visual alarm to prevent both doors being
opened simultaneously.

The anteroom must be the only access to the cytotoxic
cleanroom. If possible, this anteroom should not share
access to other non-cytotoxic cleanrooms to prevent cross
contamination. The anteroom should provide facilities for
gowning of personnel entering the cleanroom and should
be ventilated through a HEPA filter. A full-length mirror
should be available in the anteroom so staff can check
that they are appropriately gowned before entering the
cleanroom. Consideration should be given to the use of
sticky mats. Step-over barriers should be used to separate
the different stages of change. Separate circulation zones
should be identified to allow discarding of gowns and
gloves before exiting the restricted access zone.

The pressure within the anteroom may be positive or
negative depending on the concept chosen (see Section
6.2.2).

6.2.7 Pass-through hatches

A pass-through hatch is essential to prevent direct access
between the cytotoxic cleanroom and the external environ-
ment. These hatches may be between the cleanroom and the
anteroom or between the cleanroom and the external envir-
onment. If the latter option is selected, interlocking doors
must be used and the unit must be HEPA filtered. Hatch
doors should be fitted with an audible or visual alarm to
prevent doors being opened simultaneously. For specific
hatches used for entry to a pharmaceutical CACI, see
Section 8.

Separate hatches for entry and exit of products are pref-
erable to minimise cross-contamination.

6.2.8 Storage room

According to USP 800, hazardous drugs should be stored
separately from other stock to prevent contamination and
personnel exposure.” These drugs must be stored in an
externally ventilated, negative-pressure room with at least
12 ACPH. Refrigerated antineoplastic hazardous drugs
must be stored in a dedicated refrigerator in a negative pres-
sure area with at least 12 ACPH (e.g. storage room, buffer
room, or containment segregated compounding area). If a
refrigerator is placed in a negative pressure buffer room,
an exhaust located adjacent to the refrigerator’s compressor
and behind the refrigerator should be considered.
Hazardous drugs should be handled with caution using
appropriate chemotherapy gloves during distribution,
receiving, storage, preparing for administration, and
disposal.

6.2.9 Monitoring of facilities

A monitoring program should be established. In controlled
workplaces, parameters to be monitored include microbio-
logical contamination, particulate contamination, HEPA
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filtration, air velocity, and pressure differentials. Visual
inspection of the surfaces and joints should be performed
regularly for cracks or other damage. Specifications to be
maintained depend on the grade of the room (see Section
6.2.1).

A checklist should be used to record the conformity of
the room and equipment before daily use. Pressure differen-
tials must be checked before entry into the cleanroom.
Consideration should be given to the use of manometer
alarms, preferably visual, that alert staff to inadequate pres-
sure differentials. Particulate contamination and air velocity
should be assessed on a regular basis.

Microbiological contamination should be checked on a
daily basis by sampling surfaces (contact plates). Passive
air sampling should be done daily with settle plates (Petri
dishes of diameter 90 mm). Active air sampling should be
done regularly. Testing must be carried out more frequently
if any abnormality is detected or if any maintenance or
repair work is carried out.

The frequency of monitoring required is listed in
Tables 4 and 5.°

6.2.10 Microbiological monitoring

Passive air sampling should be performed using settle plates
placed according to a sampling plan. This plan may be
developed in conjunction with the institution’s department
of microbiology. Settle plates should be exposed under
normal operating conditions for a period of 4h.
Maximum acceptable levels of microbiological contamin-
ation depend on the environment grade® and are given in
Table 2.

Active air sampling is performed using biocollectors.
The sampling method is based on collecting a known

Table 4. Minimum frequency of physical monitoring.

Cytotoxic drug safety cabinets

(CDSGs) Frequency

Pressure differentials between Before beginning of work,
rooms usually daily

Pressure differentials across HEPA  Before beginning of work,
filters (workstation) usually daily

Particle counts Yearly at rest and in the

operational state

Room air changes per hour Yearly
Air velocities on workstations Yearly
HEPA filter integrity checks Yearly

CACI glove integrity

Pressure differentials across HEPA
filters

CACI pressure hold test (with
gloves attached)

Pressure differentials between
rooms

Visual checks every session

Before beginning of work,
usually daily

Weekly

Before beginning of work,
usually daily

volume of air during a defined period of time. Air is
drawn over a nutrient agar surface at such velocity that
any particulate contaminants are impacted onto the
surface. Active air sampling is a more sensitive method
than passive air sampling. Maximum acceptable levels of
microbiological contamination depend on the environment
grade” and are given in Table 2.

Microbiological monitoring of surfaces can be per-
formed either by contact plates (diameter 55 mm) or
using swabs. Contact plates provide a higher degree of
reproducibility than swabs and are easier to use.
However, swabs could be useful for sampling inaccessible
places such as corners. In addition, no recommendation of
maximum acceptable levels is available for the swabs.
For the contact plate method, contact with the surface to
be sampled must be applied at a defined pressure for a
defined period of time. A standard procedure of a light
hand pressure for 2-5s is likely to be satisfactory.
Maximum acceptable levels of microbiological contamin-
ation for contact plates depend on the environment grade”
and are given in Table 2.

6.2.11

Air particle sampling should be performed to verify that the
environment meets specification. Particle measurement is
based on the use of a discrete airborne particle counter to
measure the concentration of particles at designated sizes
equal to or greater than a stated threshold.

Maximum acceptable levels of particulate contamination
depend on the environment grade (see Table 1).” Maximum
permitted levels should be given at rest and under normal
operating conditions. The particulate conditions at rest
should be achieved after a clean-up period of 15-20 min
(guidance value) after completion of operations. For a
grade A environment, it is accepted that the in-operation
specifications may not be achieved under normal operating
conditions due to the nature of the work being carried out
(e.g. over-wrapping of sterile medical devices). In this
case, particle counts above the specifications can be gener-
ated without compromising the quality of the preparation.

Air particle sampling

Table 5. Minimum frequency for microbiological monitoring.

Method Frequency

Settle plates Every working session in the Grade A (ISO 5)

zone; once a week in clean room

Surface Weekly
samples

Active air Weekly
samples

Glove finger At the end of each working session
dabs
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Consequently, particle control should be focused on at-rest
conditions.

6.2.12 Certification and quality assurance

Whenever possible, all equipment and processes used for
cytotoxic preparation that affect product sterility or attri-
butes should be qualified or validated. Certificates issued
should be reviewed, approved, and signed off by a desig-
nated pharmacist and retained indefinitely. This will vary
according to local practice and regulations.

Qualification is required for the room and equipment
used. This includes the CDSC, CACI, and automated
filling pump. This qualification process consists of four
steps.

1. Design qualification (DQ). Documented verification
that the proposed design of facilities, systems, and
equipment is suitable for the intended purpose.
Approval of the design and drawing must be obtained
in accordance with local regulations by the body
responsible for pharmacy practice (state board of phar-
macy, pharmaceutical society, licence inspector), and
by the pharmacist responsible for the unit.

2. Installation qualification (IQ). Documented verification
that the facilities, system, and equipment as installed or
modified comply with the approved design and the man-
ufacturer’s recommendations. At this stage, the installa-
tion is on site but is not operational. The objective at this
point is to review the compliance with specifications.

3. Operational qualification (OQ). Documented verifica-
tion that the facilities, systems, and equipment as
installed or modified perform as intended throughout
all anticipated ranges. The objective is to check that
the installation operates effectively under normal
working conditions but without activity. Examples of
operational certification for rooms are given below:

(a) HEPA filter integrity test,

(b) functional check of pressure regulation and alarms,
(c) air change rate per hour (ACPH),

(d) particle count,

(e) pressure differential,

(f) noise level,

(g) light level.

4. Performance qualification (PQ). Documented verifica-
tion that the facilities, system, and equipment taken
together, can perform effectively and reproducibly,
based on the approved process method and product spe-
cification. The objective is to check that the installation
operates effectively under normal operating conditions
during routine activity. Examples of performance certi-
fication are given below:

(a) checking procedures of use and monitoring of the
installation,
(b) air distribution studies.

6.2.13 Validation

Validation is the documented evidence that a process oper-
ating within established parameters can effectively and con-
sistently produce cytotoxic drugs meeting all specifications
and quality attributes. In sterile facilities, validation is
required that the processes used during aseptic preparation
maintain the sterility of the end product (see Section 4.10).

6.3 Clothing and PPE

The selection and use of PPE should ensure the sterility of
the end product and protect the operator.

PPE must be worn to protect personnel during cytotoxic
reconstitution and other activities where they may come
into contact with cytotoxic drugs. Activities include
opening drug packaging, handling vials or finished
product, labelling drug containers, or disposing of waste.
PPE includes gloves, gowns or coveralls, boots or over-
shoes, masks, head coverings, and protective eyewear.

The specific protective equipment required will depend
on the grade of room in which the operator is working.
The highest level of protection is for zones A/B where
aseptic manipulations are performed (CDSC in a Grade B
room). The examples of PPE required by grade are shown
in Table 6.

6.3.1

The use of disposable coveralls or gowns made of non-
linting and non-absorbent polyethylene-coated polypropyl-
ene material is recommended.® The gown used should have
the following characteristics:

Gowns

(a) long and closed at the neck,
(b) long sleeves with cuffs gripped at the wrist,

Table 6. Clothing required for differing grades of environment.

Grade of
room Requirements for PPE
Grade D Hair/beard covering normal
Protective clothing
Grade C Hair/beard covering
Clothes gripped at wrist with raised
Collar
Clothing must not shed fibres or particles
Grade A/B Hood or other head covering

Mask

Sterile non-powdered gloves

Sterile or disinfected boots or overshoes

Sterile clothing that does not shed fibres or
particles

Sterile clothing capable of retaining particles shed
by operator
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(c) disposable sleeve covers to protect the wrist and lower
arm,

(d) waterproof material for the front and sleeves,

(e) sterile,

(f) non-linting.

Additionally,
characteristics:

USP 800 recommends the following

(a) shown to resist permeability by hazardous drugs,

(b) made of polyethylene-coated polypropylene or other
laminate materials as these offer better protection
from hazardous drugs,

(c) closure in the back (no open front),

(d) closed cuffs that are elastic or knit,

(e) no seams or closures that could allow hazardous drug
to pass through.

Integrated coveralls that include head and foot coverings
are suitable for protecting against microbiological and
chemical contamination.

According to USP 800, gowns must be changed accord-
ing to manufacturer’s data on permeation. If no permeation
information is available for the gowns used, gowns must be
changed every 2 to 3 h or immediately after a spill or splash.
To prevent cross contamination and exposure, gowns worn
in hazardous drug handling areas must not be worn to other
areas.

Head and hair covers (including beard and moustache),
shoe covers, and sleeve covers provide protection from
contact with hazardous drug residue according to USP 800.

Disposable sleeve covers may be used to protect areas of
the arm that may come in contact with hazardous drugs.
Disposable sleeve covers made of polyethylene-coated
polypropylene or other laminate materials offer better pro-
tection than those made of uncoated materials.

Overshoes should be worn. Dedicated shoes should be
used for this purpose. According to USP 800, a second
shoe cover is recommended in the hazardous drug com-
pounding area. It should be donned before entering and
doffed when exiting to limit contamination of other areas.

6.3.2 Masks

When compounding hazardous drugs, surgical masks must
not be used as they do not provide respiratory protection. A
type P2 or P3 mask for solids or liquids should be used
when changing a pre-filter, in the event of any accidental
contamination, and for oral preparations.

USP 800 specifies that an appropriate full-face piece,
chemical cartridge-type respirator, or powered air-purifying
respirator (PAPR) should be worn when there is a risk of
respiratory exposure to hazardous drugs, including the
following:

(a) attending to hazardous drug spills larger than what can
be contained with a spill kit,

(b) deactivating, decontaminating, and cleaning under-
neath the work surface of a CDSC,

(c) when there is a known or suspected airborne exposure
to powders or vapours.

6.3.3  Protective goggles

Goggles are recommended when any projection risk is
present. In most cases the glass screen of the biological
safety cabinet should offer adequate protection against
any possible spray of solutions during cytotoxic reconstitu-
tion. Goggles must be worn when cleaning a spill (see
Section 14). USP 800 states that eyeglasses alone or
safety glasses with side shields do not protect the eyes
adequately from splashes. Face shields in combination
with goggles provide a full range of protection against
splashes to the face and eyes. Face shields alone do not
provide full eye and face protection.

6.3.4 Gloves

Gloves used must be proven to be resistant to chemotherapy
and labeled as chemotherapy gloves. Gloves should have
the following characteristics:

(a) sterile, non-powdered,

(b) latex (consider latex-sensitive workers), nitrile, or neo-
prene gloves may be used if they have been validated
for cytotoxic reconstitution.

A double pair of gloves may be used. The outer glove must
extend over the cuff of the gown. Gloves should be changed
at least every 30 min or whenever damage or obvious con-
tamination occurs. Gloves should not be decontaminated
with alcohol.

It is important to use resistant materials that have been
tested for the specific environmental conditions and cyto-
toxic products used. Products identified by general nomen-
clature, such as “cytotoxic glove,” may not ensure adequate
protection in certain situations. Some examples of condi-
tions which require consideration of resistance via further
testing are:

(a) HIPEC procedure (direct contact with cytotoxic drug
for 30 min at 42.8 °C),

(b) temperature of glove after 3 min on the hand reaches
34.8 °C,

(c) continuous stretching of the glove during
preparatory or administration activities versus static
test conditions,

(d) contact with diluents other than saline that could
damage the integrity of the glove material.
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6.3.5 Hair covering

The hair must be covered with a separate head covering or
an integrated hood of a coverall. Men with beards may need
to wear a separate beard cover.

6.3.6  Personal protective equipment for CACI and
CDSC users

The gowning procedure will depend on the grade of the
room where the CACI or CDSC is located (see Table 2).
Personal protective equipment should be considered for
tasks such as handling vials outside the barrier enclosure
where the risk of chemical contamination is present.
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Section 7 — Containment systems (including
closed-system transfer devices (CSTDs))

7.1 Primary packaging based
containment systems

In the late 1990s, several studies indicated that vials and
ampoules delivered from pharmaceutical companies may
be contaminated on the outside with the cytotoxic drug.
In some cases, contamination was detectable in up to 30—
50% of the vials examined. This was the result of contam-
ination during the manufacturing process (e.g. foam
forming or dust from powder form of drug) and/or inad-
equate washing of the vials before packaging. Many com-
panies have now focused more attention on this problem
but with different levels of success.

It is strongly recommended that cytotoxic drug vials be
enclosed in plastic coating in order to contain any possible
contamination on the outside of the vial. This plastic
coating should also cover the bottom of the vial. Many man-
ufacturers now supply cytotoxic drugs in plastic shrink wrap
for this purpose. Some manufacturers supply their cytotoxic
drugs encased in specially designed molded plastic containers
to contain any possible contamination, and also to protect
against any shock during transport. Many manufacturers
now supply cytotoxic agents in this way. Individual pack-
aging in shock absorbent material is required.

Test reports should document the ability of the pack-
aging to adequately contain all contents in the event of a
cracked vial or ampoule. It is the responsibility of pharma-
ceutical manufacturers to guarantee that the external sur-
faces of drug vials are free of contamination. One
objective way to ensure commitment to deliver
contamination-free products is to mandate analysis by an
independent laboratory, detailing the amounts of product
on the outer surface of the first, middle, and last vial/
ampoule of the batch prepared. See also Section 2.1.6.
Pharmacists should favour manufacturers who take this
problem seriously and are prepared to work to ensure
contamination-free vials.

7.2 Closed-system transfer devices
(CSTDs)

CSTDs have been developed for use in the preparation and
administration of cytotoxic drugs.' The most comprehen-
sive definition of a CSTD is presented by NIOSH.

A CSTD is a drug transfer device which mechanically pro-
hibits the transfer of environmental contaminants into the
system and the escape of hazardous drugs or vapour con-
centrations outside the system.

Studies have shown substantially less environmental
contamination and occupational exposure to cytotoxic
drugs with CSTDs compared to traditional techniques.”°
Exposure may have occurred during routine handling of
drug vials and ampoules, aseptic preparation, drug adminis-
tration, and cytotoxic waste disposal. The observations
have been confirmed mainly in surface wipe sampling
studies.''™**

In most countries, the use of CSTDs is recommended but
not mandatory.”> An exception is the US, where USP
General Chapter <800> requires the use of CSTDs for
administration.

CSTDs can be used in addition to collective and individ-
ual protections. Contamination of external surfaces of vials
and packaging is still an issue, and contributes to spread of
contamination on surfaces and working areas during the
process.'*?728

In 2012, the US Food and Drug Administration (FDA)
issued the ONB product code for CSTDs, but performance
standards were not set to obtain 510(k) clearances.” So
there remains concern whether approved CSTDs are truly
closed systems. In 2015, NIOSH released a test protocol
to evaluate CSTDs for drug containment by simulating
preparation and administration tasks using a surrogate.*
The test protocol was updated in 2016 and has been used
for the validation of several CSTDs.?! The final protocol
has not been set. The test is not required to file for the
ONB code, but it is recommended.

Current FDA approvals can be found at DevicesFDA
and searching for “onb.”*?

Consideration should be given to identifying compatibil-
ity of the CSTD with agents used in compounding, as
incompatibility may affect total dose in the compounded
product.

A distinction must be made between a CSTD in the
context of microbiological contamination versus chemical
contamination and occupational exposure. The NIOSH
containment test verifies that the CSTD prohibits the
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escape of particles and vapours from the system. It does not
validate the role of CSTDs in maintaining the microbial
integrity of solutions within. Separate microbial ingress
studies are required to verify that the CSTD prohibits the
transfer of environmental contaminants into the system.>>

Some studies have examined extension of single vial
expiry dates and vial sharing with the use of particular
CSTDs. These may offer additional economic benefit and
offset the cost of CSTD usage.**®

A Cochrane review on CSTD with safe handling vs safe
handling was released in 2018.> The review makes refer-
ence to a number of studies that examined the effects on
workplace contamination with the introduction of a
CSTD, whilst a limited number attempted to address oper-
ator exposure by measuring urine levels of cytotoxic drugs.
As discussed in Section 10 and 26 and common
Occupational Health and Safety practice, current evidence
does not suggest there is a safe level of cytotoxic exposure,
and therefore exposure must be limited using CSTD until
there is sufficient evidence to prove that practice without
CSTD is safe for operators.
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Section 8 — Containment primary
engineering controls (C-PECs)

Specific equipment is required for the preparation and
manipulation of cytotoxic drugs to promote patient and
worker safety and protect the environment. This equipment
includes the following:

(a) Containment primary engineering controls (C-PECs),
such as biological safety cabinets (BSCs), restricted
access barrier systems (RABSs), and isolators.

(b) Containment secondary  engineering  controls
(C-SECs), such as clean rooms (refer to Section 6).

(c) Supplemental engineering controls, such as closed-
system drug transfer devices.

Horizontal airflow hoods and positive pressure RABS/iso-
lators must NEVER be used for preparing cytotoxic drugs
due to the high risk of exposure to workers.

Sterile and non-sterile cytotoxic drugs must be com-
pounded or manipulated inside a C-PEC within a C-SEC.
If a C-PEC aids in maintenance of the negative pressurisa-
tion of the C-SEC or is used for the preparation of sterile
products, it must not be turned off.

Handling of final dosage forms such as counting or
repackaging of tablets and capsules is not manipulation of
cytotoxic drugs as particles, aerosols, or gasses are not pro-
duced. However, this handling does have a lower risk of
exposure to the cytotoxic drug and procedures should be
followed to protect the handler. Refer to Section 9.

C-PECs used for non-sterile compounding must be
externally vented (preferred) or have redundant high effi-
ciency particulate air (HEPA) filters in series. C-PECs
used for sterile compounding must be externally vented.

Sterile cytotoxic drugs must be compounded inside a
C-PEC that does the following:

(a) Maintains an ISO Class 5 or better environment during
dynamic operating conditions.

(b) Provides unidirectional HEPA-filtered air moving from
the top of the cabinet towards the work surface at a vel-
ocity sufficient to sweep particles away from the crit-
ical area.

(c) Exhausts air to the atmosphere after filtration through
at least one HEPA filter.

(d) Is externally vented to the outside atmosphere
through a dedicated duct away from any air
intake vents.

(e) Does not recirculate air back into the workroom.

The C-PEC should be attached to an uninterruptible
power supply (UPS) and attached to a surge protector.
If the C-PEC turns off for any reason, such as a
power loss, activities within the C-PEC must immedi-
ately stop. Once the C-PEC can be powered back on,
all surfaces inside must be decontaminated, cleaned,
and disinfected. The C-PEC must purge for the
amount of time specified by the manufacturer to
re-establish airflow.

It is imperative that operators are told and understand
that the C-PEC does not prevent the generation of cytotoxic
drug contamination within the cabinet and that the effect-
iveness of containing contamination depends on the opera-
tor’s proper use and technique.

If supplemental engineering controls are used, they must
be used within a C-PEC.

8.1 Location of C-PECs

It is recommended that a C-PEC be placed in a C-SEC char-
acterised by the following®:

(a) Has fixed walls

(b) Is externally vented

(c) Meets or exceeds ISO Class 7 air quality

(d) Maintains negative pressure between 0.01 and 0.03
inches of water column relative to adjacent areas

(e) Provides a minimum of 30 air changes per hour of
HEPA-filtered supply air

(f) Is adjacent to an ISO Class 7 or better anteroom that
maintains a minimum of 30 air changes per hour of
HEPA-filtered supply air and a positive pressure of at
least 0.2 inches of water column relative to all adjacent
unclassified areas
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8.1.1 C-PECs not located in C-SECs

Cytotoxic compounding in a C-PEC that is not placed in a
C-SEC is not recommended.

A C-PEC may be located in a Containment Segregated
Compounding Area (C-SCA) that has fixed walls, main-
tains a negative pressure between 0.01 and 0.03 in water
column relative to all adjacent areas, and provides a
minimum of 12 air changes per hour. The C-SCA must
be externally vented. A hand hygiene sink must be
located at least 1 m away from the C-PEC.

Non-cytotoxic compounding in a C-PEC that is not
placed in a C-SEC as described above affects the
beyond-use date (BUD) that can be assigned to a final
preparation.

A reduced BUD must be applied to a final preparation
that is compounded in a C-PEC located in a C-SCA.>

8.2 Biological safety cabinets (BSCs)

There are several types of BSCs. They are
classified (EN 12469 2000) into three main classes (I,
II, and III).

8.2.1 Class | BSCs

A Class I BSC is designed to protect only the operator and
the environment. Room air constantly enters the cabinet
front to flow across the work surface. All exhaust air is
removed directly from the work zone to a dedicated
exhaust duct. These cabinets must NOT be used for the
preparation of sterile products. A Class I BSC may be
used for the preparation of non-sterile cytotoxic drugs to
protect the operator and the environment.

Section A
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Figure 1. Example of Class Il Type Bl laminar flow cytotoxic drug safety cabinet.®
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8.2.2 Class Il BSCs

A Class II BSC protects the operator and the product. A
Class I BSC has an open front with inward airflow for per-
sonnel protection, HEPA-filtered downward, unidirectional
airflow for product protection, and HEPA-filtered exhaust
air to the room or to a facility’s exhaust system. When
the exhaust air exits through the facility’s exhaust system,
Class II BSCs also protect the environment. Because
Class 1II cabinet designs permit different airflow patterns,
velocities, HEPA filter position, ventilation rates, and
exhaust methods, there are subclassifications of the Class
II BSC (A1, A2, B1, and B2).

When selecting a Class I BSC for the preparation of
cytotoxic drugs, only Class II cabinets designed and con-
structed for use with cytotoxic drugs must be used.
Because some cytotoxic drugs vapourise and pass-through
HEPA filters (e.g. cyclophosphamide), a BSC that exhausts
air into the workroom must be avoided.

Class II Type A cabinets are not recommended. Type Al
cabinets are not suitable for the manipulation of volatile
cytotoxic drugs. Type A2 cabinets are suitable only for
minute quantities of volatile cytotoxic drugs.

Class II Type B1 (inflow air partially recirculated) must
only be used for minute quantities of volatile cytotoxic
drugs. Class II Type B2 (total exhaust) are suitable for
use during preparation of cytotoxic drugs.

8.2.3 Class Ill BSCs

A Class III BSC is a fully enclosed vented cabinet of gas-
tight construction. Operations are conducted through
attached gloves and observed through a non-opening, com-
pletely sealed view window. This BSC is maintained under
negative pressure. Air is drawn into the cabinet through
HEPA filters. The exhaust air is treated by double HEPA fil-
tration or by HEPA filtration and incineration. Passage of
material in and out the cabinet is generally performed
through a dunk tank or double-door pass-through box.
Class III BSCs are designed for use with highly infectious
microbiological and other agents. Class III BSCs are not
generally used by the pharmacy for cytotoxic drug
compounding.

8.2.4 Airflow

Plenums. A plenum is the space between the C-PEC and the
building’s heating, ventilation, and air-conditioning
(HVAC) system. It is usually located between the structural
ceiling and a drop-down ceiling. The plenum can be the
interface into a common space where both ducts meet or
it can be hard ducting between the C-PEC and the build-
ing’s exhaust system. When compounding cytotoxic
drugs, the ductwork and plenum must be considered con-
taminated with cytotoxic drug residue.

-
I

—

HEPA filters

Figure 2. BSC for cytotoxic drug preparation. The HEPA filter
located below the workstation is designed to be easily removed
during maintenance operations and contributes to operator
safety.’

all.

Within the BSC. In all Class II BSCs, an inflow of air is
drawn through the front opening into the front grill,
aiding in personnel protection. The top-to-bottom unidirec-
tional downflow of HEPA-filtered air inside the cabinet
splits, with half the air drawn through the rear grill and
half drawn through the front grill, combining with the air
drawn from the clean room. The air drawn through the
front grill creates a protective air curtain that minimises
the chance of air from the BSC leaving the front opening
and the chance of room air entering the work zone of the
BSC.

In Class II Type A cabinets, 70% of the air is recirculated
through a HEPA filter back into the cabinet’s work zone
and 30% is HEPA-filtered and then exhausted from a
common plenum to the room or to a facility exhaust
system through an exhaust canopy.

A Class II Type Al cabinet maintains a minimum inflow
velocity of 75 feet per minute (0.38 m/s). The
HEPA-filtered downflow air is a combination of downflow
and inflow air from a common plenum. Type Al cabinets
may have positive pressure contaminated ducts and
plenums that are not surrounded by negative pressure
plenums. Class II Type Al cabinets are not appropriate
for use during preparation of cytotoxic drugs.

A Class II Type A2 cabinet maintains a minimum inflow
velocity of 100 feet per minute (0.51 m/s). The
HEPA-filtered downflow air is a combination of mixed
downflow and inflow air from a common exhaust plenum.
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All contaminated ducts and plenums are under negative
pressure or surrounded ducts and plenums that are under
negative pressure relative to the workroom atmosphere.
Class I Type A2 cabinets cannot be hard-ducted to the
building’s exhaust system and should interface via an
open canopy. Type A2 cabinets that exhaust
HEPA-filtered air outside (not back into the work room)
are not recommended but may be used when working
with minute quantities of volatile cytotoxic drugs.

A Class II Type Bl cabinet maintains a minimum
inflow velocity of 100 feet per minute (0.51 m/s). The
total of 30-40% of the air is recirculated within the
cabinet through a HEPA filter and 60-70% of air is
HEPA-filtered and exhausted through an exhaust
canopy. The contaminated ducts and plenums are under
negative pressure or surrounded by ducts and plenums
that are under negative pressure relative to the workroom
atmosphere. Because the HEPA-filtered down-flow air is
composed of largely uncontaminated recirculated inflow
air, Type B1 cabinets may be used for work involving
non-volatile cytotoxic drugs or minute quantities of vola-
tile cytotoxic drugs.

A Class II Type B2 cabinet maintains a minimum inflow
velocity of 100 feet per minute (0.51 m/s). HEPA-filtered
downflow air is drawn from the room or environment in
which it is located. These cabinets exhaust 100% of the
inflow and downflow air to the outside through a HEPA
filter without recirculation inside the cabinet or return to
the workroom. The contaminated ducts and plenums are
under negative pressure or are surrounded by directly
exhausted negative-pressure ducts and plenums. Class II
Type B2 cabinets must be hard-ducted to the building’s
exhaust system. These cabinets are appropriate for use
with all cytotoxic drugs.

External exhaust of air. Hard-ducted C-PECs must incorpor-
ate a blower located at the terminal end of the exhaust
ductwork that operates continuously to provide adequate
ventilation and to prevent backflow of contaminated air
into the BSC or workroom. A HEPA filter must be
employed for the exhaust air. 100% of the filtered air
should be exhausted directly to the outside through a
stack that extends straight upwards at least 10 feet
(3 m) above the roof away from any air intake vents.
An extraction system incorporating an in-line duct fan or
booster fan at the distal end to ensure a negative pressure in
the pipeline is highly recommended to ensure that the air is
effectively and permanently exhausted outside the room.
The in-line duct or booster fan should be coupled to the
BSC airflow to prevent the retro-contamination of the air
in the event of failure of the laminar airflow. This would
occur if the BSC airflow fails and the booster fan continues
to operate, pulling dirty air into the cabinet from the room,
resulting in particulate and microbiological contamination

of the cabinet. The booster fan should also have an alarm
that sounds in the event of failure.

Procedures must allow for exhaust fans to be shut down
for inspection and maintenance.

HEPA filtration. HEPA filters trap 99.97% of particulate
matter and aerosols 0.3 pm and larger to provide ultra-
clean air. HEPA-filtered air is not sterile. However, the
presence of microorganisms in the air stream is very
unlikely. HEPA filters do not capture cytotoxic drug
vapours.

Air entering the work zone of a C-PEC must pass
through at least one HEPA filter. Air exiting the work
zone of the C-PEC must also pass through at least one add-
itional HEPA filter. Consideration should be given to the
use of bag in/bag out HEPA filters where effective in situ
decontamination is not feasible.

Additional non-HEPA filters (pre-filters) are commonly
used to increase shelf life of the HEPA filters. When used,
these pre-filters are installed on the upstream side of the
exhaust HEPA filter. In Australia, the use of an activated
carbon filter downstream of the HEPA exhaust filter is
compulsory.

Alarms. The front viewing window in a BSC must be
equipped with an alarm that indicates when the window is
not in the correct position during compounding.

Airflow alarms that detect insufficient internal airflow or
insufficient inflow or exhaust of air must be installed to
signal a disruption in the cabinet’s normal airflow pattern.
When the airflow alarm sounds, there is an immediate
danger to the operator and the product. Work should
cease immediately and the cause of the disruption investi-
gated. Consideration should be given to the installation of
both visual and audible alarms.

8.2.5 Monitoring

Lights and gauges on the front control panel of the C-PEC
should be monitored to ensure the cabinet is performing to
specification. Operators should be informed of what the
gauges should read during proper functioning of the
cabinet.

A series of physical tests must be carried out upon instal-
lation, whenever changes are made to the installation (e.g.
replacement of a HEPA filter), and on a regular basis as a
preventative measure. Physical tests check the following:

(a) integrity of the HEPA filters (DOP test),
(b) airflow velocity,

(c) air circulation (smoke test),

(d) airflow retention (KI disk test),

(e) pressure,

(f) particulate contamination,

(g) temperature and humidity,
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(h) noise test.

HEPA filter integrity test (DOP test)®. This test checks the
integrity of all HEPA filters (inlet, outlet, exhaust, and recir-
culation). Each HEPA filter leaves the factory with a man-
ufacturer’s certificate. Transport and assembly can affect its
performance. It is necessary to test the integrity of the
media, lute, seals, and assembly of the filter into the BSC.
This test may be carried out using the EMERY 3004
aerosol test instead of DOP (DiOctyl Phtalate), which is
toxic. The test consists of applying an aerosol challenge
upstream of the filter and measuring the air quality down-
stream with an aerosol photometer. Permeation through
the filter must be 50.01% for HEPA filter type H14 with
99.995% efficiency at MPPS (most penetrating particle
size). In addition, there must be no particulate emission
detected outside the BSC. In most circumstances, these
tests are performed by registered contractors.

Total particle count test. The total particle count test verifies
ISO Class 5 air cleanliness of the work zone under dynamic
operating conditions. The particle counter detects particles
0.5 microns and larger. A minimum volume of air must
be sampled over a specific amount of time to determine
the cleanliness of the air.

Leak Test. The leak test applies only to fully enclosed cabi-
nets (BSC Class III). This test determines if the enclosure is
performing to specification. There are two parameters
tested: the presence and position of any leaks and the
leakage rate. The leak test is discussed in Section 8.3.7.

Smoke test®. The smoke test checks for proper circulation of
air during dynamic operating conditions. The smoke test is
a simple test enabling visualisation of the air circulation. A
camera recording enables mapping of the air circulation in
the cabinet. For unidirectional airflow, the objective is to
check laminarity and the absence of dead zones or turbu-
lence, which can result in particulate or microbiological
contamination. For Class III BSCs, where the airflow may
be turbulent, this test enables the detection of dead zones.
Note that C-PECs used for preparation of sterile products
must provide unidirectional, not turbulent, airflow. The
most common equipment used is a smoke stick of
smoking sulfuric acid.

Air velocity test’. Airflow velocity is measured using an
anemometer to determine if air from the supply HEPA
filter is operating within the manufacturer’s specifications
and moving at the appropriate speed to sweep away parti-
cles. The downflow air speed is measured (between 0.36
and 0.54 m/s) and the mean speed of the incoming air is cal-
culated (minimum 0.4 m/s). At least eight measurements
are done 20 cm from the flow. No value should differ
from the reference value by more than 20%.

Intake velocity and inflow volume. This test assesses contain-
ment and operator protection by calculating supply airflow
and exhaust inflow at the front opening. Readings are col-
lected using a direct inflow method. Intake velocity is cal-
culated using the volume and the work opening area.

Airflow retention test (KI disk test). The KI (potassium
iodide) test determines the retention efficacy of a BSC at
the front opening. It is measured by creating an aerosol of
a solution of KI in the using a rotary disc. The number of
particles detected outside the BSC is then counted. Air sam-
plers make the measurement with a filtration membrane
incorporating palladium chloride. The particles of KI
show up brown on the filter.

A cylinder placed in the front opening makes it possible
to simulate the effect of the operator’s arm, which disturbs
the incoming airflow.

Noise test>®. The noise test determines if the noise gener-
ated by the BSC during normal operation is not too loud
for the operators. The sound level meter is installed 1 m
from the BSC. The noise level must not exceed 85 dB,
regardless of the room background noise.

Light level. The light level test determines if lighting condi-
tions for the operator working at the safety cabinet are
optimal. The lighting of the BSC and room is turned on
and a mapping of luminous intensity is carried out using
a light meter at several points on each working surface.
The luminous intensity measured during normal operations
must be at least 400 lux.

Table I. Minimum frequency of physical monitoring.

Pressure differential

between rooms Daily

Pressure differential
across filters
Particle counts

Daily on BSC'’s; every 6 months on
ceiling HEPA filters

Minimum of twice a year at rest and in
operational states

Room air changes per Yearly
hour

Air velocities on work Twice a year
stations

HEPA filter integrity Yearly
check

Table 2. Minimum frequency for microbiological monitoring.

Settle plates Every working session in the Grade A (ISO 5)

zone. Once a week in clean room

Surface Weekly
samples

Active air Weekly
samples
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Temperature and humidity testing. Temperature and humid-
ity must be controlled for the comfort of the operators
and to reduce the risk of microbiological contamination in
the BSC. A temperature sensor and hygrometer are used.

Microbiological testing. Microbiological testing must be
performed routinely (see Section 6). The maximum
level of microbiological contamination must be deter-
mined by air sampling (active or passive) and surface
sampling and must correspond to an ISO Class 5 environ-
ment.® Surface sampling must be performed on comple-
tion of the manipulation before the surfaces are cleaned
and decontaminated. Immediately after sampling, the
zone must be thoroughly cleaned to avoid any culture
medium favouring the microbiological contamination of
the zone.

It is recommended that the BSC be left running 24 h a
day 7 days a week to prevent microbiological and chemical
contamination.

Frequency of monitoring®. Tables one and two specify the
minimum frequency of physical and microbiological mon-
itoring. Local guidelines and legislation must also be
considered.

8.3 RABSs and pharmaceutical isolators

RABS is a relatively new term used to describe a contain-
ment system that provides a physical separation between
the interior work area and the operator or workroom. A
RABS supplies HEPA-filtered ISO Class 5 air enclosed in
a rigid-wall enclosure with glove access ports. The
viewing window can be opened for manual cleaning and
disinfecting. Supplies are introduced using aseptic proce-
dures, which may include a transfer system.

Types of RABS include compounding aseptic isolators
(CAIs) and CACIs. A CAI is a positive pressure RABS
and as such must not be used to prepare cytotoxic drugs.
A CAClI is a negative pressure RABS and may be used to
prepare cytotoxic drugs.

An isolator is a fully enclosed and sealed containment
unit that provides physical isolation of the interior work
area. It supplies HEPA-filtered ISO Class 5 air enclosed
in a rigid wall enclosure. Isolators may be supplied with tur-
bulent or unidirectional air. Supplies are introduced through
sterile transfer systems. Some isolators can bio-
decontaminate via and automated cycle using hydrogen
peroxide gases. All access is through glove ports and
sterile transfer systems.

Compared to isolators, RABS offer faster start-up time,
ease of changeover, and reduced capital costs, particularly
with retrofits and renovations.

CAls and CACIs are RABS despite the term isolator
being in their name.

Comparison of definitions for the RABS and isolator. The
RABS is a unidirectional laminar airflow cabinet where
the front is closed by a window fitted with sleeves and
gloves to allow manipulation inside the cabinet. A CACI
operates at negative air pressure in a negative pressure
room. Pass-through hatches are used for the entry of pro-
ducts and for the exit of the finished preparation. One
hatch is used for entry and exit of the finished product
and waste. A manual decontamination process (different
from sterilisation) is usually performed in the pass-through
before materials enter the cabinet. The cabinet is NOT
sterile and is NOT sterilised. For cleaning and decontamin-
ation of the cabinet, the window of the cabinet may be
opened periodically.

An isolator, on the other hand, is a totally enclosed system
running usually in positive air pressure with unidirectional or
turbulent airflow and sterilised by gas sterilisation. Products
and preparation devices are introduced into the isolator
using pass-throughs, which are always sterilised.

When compounding cytotoxic drugs, RABS and isola-
tors intended for asepsis and containment are recom-
mended: they are well suited to the preparation of sterile
and toxic materials. The use of appropriate personal protect-
ive equipment (PPE) by workers is required, especially
when handling vials or final products outside the RABS
and isolator (see Section 6).

8.3.1

RABSs are rigid-walled, made from polycarbonate, acrylic
glass, or tempered glass. The flooring in the pass-through
and main chamber is stainless steel.

Isolators are either rigid-walled, made from polycarbon-
ate, acrylic glass, or tempered glass, or flexible-walled,
made from polyvinyl chloride (PVC). The flooring can be
stainless steel both for the rigid and flexible wall isolator
or a one-piece assembly in which the flexible floor (PVC)
and flexible wall are of a single unbroken piece.

RABS and isolator design

8.3.2 Airflow

A RABS interior is supplied with unidirectional
HEPA-filtered air that is returned through sealed ductwork.

An isolator’s interior is supplied with turbulent or unidir-
ectional HEPA-filtered ISO Class 5 air that is returned
through sealed ductwork.

Airflow alarms that detect insufficient internal airflow or
insufficient inflow of air must be installed in both RABS
and isolators.

When compounding parenteral cytotoxic drugs, RABS
and isolators that provide unidirectional airflow must be
used.
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8.3.3 Operator interface

The RABS and isolator must be accessed via a glove port or
a half-suit. The system must be designed to allow operator
access to the interior of the isolator while maintaining the
aseptic environment and containment within the cabinet.

Gloves. The glove/sleeve assembly is used for aseptic
manipulations within the RABS or isolator. The glove
material commonly used is Neoprene or Hypalon. Gloves
should be thicker than standard surgical gloves: about
0.4-0.6 mm. Gloves are potentially the weakest link in
the system and therefore must be visually checked before
each use and changed regularly. When changing gloves,
an aseptic change procedure must be used allowing the
old gloves to be replaced by new sterile gloves. This pro-
cedure must ensure containment of cytotoxic drugs and
maintenance of sterility. Once removed, potentially con-
taminated gloves must be immediately discarded with cyto-
toxic waste.

Half-suits. Half-suits offer greater physical flexibility than
gloves or sleeves and are used for large volume RABS
and isolators (3—5 m’). For comfort and operator safety,
full ventilation should be used. The air supply may be
filtered.

8.3.4 Sterilisation

Isolators for aseptic preparation must be surface-sterilised
(or bio-decontaminated). This may be accomplished
through gas or vapour of peracetic acid or hydrogen perox-
ide. In the hospital pharmacy, the most widely used system
is the on-line evaporation method, without recycling of the
agent in the circuit.

A steriliser consists of a tank in which a sterilising agent
is heated to approximately 45 °C. The vapours produced are
then distributed throughout the chamber using a current of
compressed air. Because the sterilising agent is a non-
penetrating component, contact with all surfaces to be ster-
ilised must be guaranteed in the course of the cycle. Free
circulation of the gas must be ensured by raising compo-
nents, repositioning them during treatment, and hanging
up gloves and sleeves.

The connecting systems between the RABS or isolator
and pass-through should use interlocking double doors to
ensure containment of the enclosure and sterility in the iso-
lator. Sterilisation in the isolator must be confirmed using
biological indicators.

The two sterilising agents that are commonly used in iso-
lators are peracetic acid and hydrogen peroxide. Peracetic
acid is easy to use and has long proved its efficacy in hos-
pital pharmacies. Peracetic acid is corrosive and irritant;
precautions must be taken when handling this agent.
Consideration should be given to collecting it in a closed

system. The absence of penetration of plastic materials
must be validated.

Hydrogen peroxide is less corrosive than peracetic acid
but requires stringent control of temperature and humidity.
The reproducibility of the load is also important when using
hydrogen peroxide. This may be difficult to achieve in
everyday practice in the hospital setting.

When an isolator is used for multiple days between
decontamination cycles, the frequency adopted should be
justified. This frequency, established during validation
studies, should be re-evaluated and increased if production
data indicate deterioration of the microbiological quality of
the isolator environment.

A breach of isolator integrity should lead to a decontam-
ination cycle. Integrity can be affected by power failures,
valve failure, inadequate overpressure, holes in gloves
and seams, or other leaks. Breaches of integrity should be
investigated. If it is determined that the environment may
have been compromised, any product potentially impacted
by the breach should be rejected.
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There has been much debate about the requirements and
classification of the room in which a RABS or isolator is
located.

The location of the RABS or isolator and its ability to
maintain an ISO Class 5 workspace affect the BUD that
can be applied to the sterile cytotoxic drug preparation.
See Section 8.1 for specifications of the clean room that
houses a C-PEC for cytotoxic drug compounding.

The BUD applied to preparations that are compounded
in a C-PEC located in a clean room as described in
Section 8.1 may be applied to preparations that are com-
pounded in an isolator placed in a clean room that meets
ISO Class 8 air quality if the following criteria are met.

RABS and isolator location

(a) High-integrity transfer ports are used to move supplies,
ingredients, components, and devices into and out of
the isolator.

(b) The isolator is decontaminated using a generator that
distributes a sporicidal chemical agent throughout the
isolator chamber.

(c) The isolator maintains constant overpressure of at least
0.05-inch water column.

(d) The manufacturer has provided documentation that the
isolator will continuously meet ISO Class 5 conditions,
including during material transfer.

8.3.6 Transfer systems

A transfer system is used to transfer drugs and supplies into
and final preparations out of the main chamber of the RABS
or isolator. The transfer system aids in maintaining the
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sterility of the final product and containment of cytotoxic
drugs. Double interlocking doors must be used so that the
door between the cabinet and the room and the door
between the transfer chamber and the main chamber
cannot be opened at the same time.

Isolator transfer systems. Only transfer systems E and F
guarantee permanent enclosure of contents and protection
of the operator. All other transfer systems are suitable for
aseptic preparation if the isolator is running in positive air
pressure but are not thought to be suitable for chemical
containment.

Transfer system A (‘‘Mouse Hole’’): NOT TO BE USED.
This is a hole in the wall of the apparatus and there is
direct contact between the inside air and the surroundings.
Transfer system B: NOT TO BE USED. This is a pass-
through hatch without any HEPA filtration. There is a
risk of contamination of the surroundings or inside air of
the apparatus.

Transfer system C: NOT TO BE USED. This is a pass-
through with one HEPA filter, but there exists a risk of
microbiological contamination with the apparatus operating
in negative air pressure, and a risk of chemical contamin-
ation of surroundings with the apparatus operating in posi-
tive air pressure.

Transfer system D: NOT TO BE USED. This is a double
door pass-through with HEPA filtration. This system does
not contain the end product and waste.

Transfer system E: This is a pass-through with double doors
and double HEPA filtration that is always gas sterilised
(with or without load) before connection with a previously
sterilised isolator. The device is usually dedicated to the
entry of products into the sterile area of the isolator.
Transfer system F: This rapid transfer system has double
interlocking doors allowing a connection between two sep-
arate sterile enclosures (e.g. isolators and disposable plastic
sterile containers). The F transfer system is usually used for
exit end-product in a sealed plastic container without
contact with the surrounding environment. It preserves
the sterility of the product and provides containment of
any chemical contamination. The double interlocking
doors also allow the connection between two sterile isola-
tors without affecting the integrity (seal) of the enclosure.

There are other sealed removal devices available, including
tubing and bin removal. Bin removal enables the removal of
waste in a sealed bag without any contact with the outside
environment. This is distinct from the removal system used
for finished preparations.

8.3.7 Monitoring

Monitoring must be performed on a regular basis.
Monitoring determines whether the RABS or isolator is

performing to specification. Physical tests are conducted
during the installation of the cabinet and periodically after-
wards. Tests must be repeated whenever changes are made
to the installation, such as changing HEPA filters. Physical
tests include the following:

(a) integrity checks of HEPA filters (DOP testing),
(b) airflow velocity for unidirectional airflow cabinets,
(c) air circulation (smoke test),

(d) leak testing,

(e) pressure checks,

(f) particulate contamination,

(g) temperature and humidity,

(h) noise test.

HEPA filter integrity test (DOP test). HEPA-filters must be
assessed as previously described in Section 8.1.5. The
DOP test should be performed every 6—12 months.

Leak test. The sealing of a RABS or isolator is an essential
and critical factor that must be regularly checked. There are
two parameters tested: the presence and position of any
leaks and the leakage rate.

The leak test determines if there are unsealed construc-
tion joints, seams, gaskets, glove ports, or entry/exit
points to the main chamber.

The leak test should be performed monthly.

Smoke test. The smoke test must be performed as described
in Section 8.2.5.

Air velocity test. For isolators with unidirectional airflow,
this test must be performed as described in Section 8.2.5.

Noise test. The noise test must be performed as described in
Section 8.2.5.

Pressure differential test. The pressure of the RABS and isola-
tors must be continuously monitored. Alarms must be used to
detect pressure failure. The pressure regulation should be
checked using a reference manometer. This test allows the
evaluation of the reaction time of the RABS or isolator when
the pressure is altered following operations such as introducing
and withdrawing gloves, entering and exiting the main
chamber, and connection to an additional volume. The test
determines if the pressure regulation at rest is stable. The test
can also determine if the pressure alarm values are compatible
with the normal operation of the cabinet.

Air change rate*. The air change rate per hour (in V/h) is
determined by the ratio of the inlet airflow rate divided by
the volume of RABS or isolator.

An anemometer records instantaneous speed measure-
ments. The flow rate is obtained using an average value.
The result must be in accordance to the specification of
the RABS or isolator.
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Microbiological monitoring. Microbiological monitoring must
be performed routinely as described in Section 6. The
maximum level of microbiological contamination must be
investigated by active or passive air sampling and surface
sampling and must correspond to an ISO Class 5 environ-
ment.” Surface sampling must be performed upon comple-
tion of the manipulation before surfaces are cleaned and
decontaminated. After sampling, the zone must be immedi-
ately and thoroughly cleaned to avoid leaving behind any
culture medium likely to encourage the microbiological
contamination of the zone.

Particle counts'?. Particle counts determine whether the con-
centration of particles found within the isolator is in accord-
ance with the specifications of an ISO Class 5 environment
(see Section 6).

The probe of an optical particle counter is the only
device that has to be positioned inside the isolator. The
locations tested should be those where critical functions
are carried out. Examples include workstations, connec-
tions and junctions with gloves and sleeves, and doors.

Particle counts should be performed every 3 months.

Efficiency of sterilisation of an isolator. This test determines
the efficiency of surface sterilisation using biological indi-
cators (BIs). Each BI is inoculated with a 6 log of spore
of Bacillus subtilis or Bacillus stearothermophilus. Bls
are then distributed at distinct locations within the isolator,
with particular emphasis on critical zones, such as near
doors. After exposure to the sterilising agent, the Bls are
inoculated in culture medium (tryptocaseine soya) and incu-
bated for 14 days at adequate temperature according to the
BI (55 °C-60 °C for Bacillus stearothermophilus or 30 °C—
35 °C for Bacillus subtilis). No growth must be found after
14 days and a reduction of 6 log must be achieved on three
consecutive tests.

Table 3. Minimum frequency of physical monitoring.

Laminar flow cabinets (LFCs)/

biohazard safety cabinets (BSCs):  Frequency

Pressure differentials between Before beginning of work,

rooms usually daily
Pressure differentials across HEPA  Before beginning of work,
filters (workstation) usually daily

Particle counts Every 6 months at restand in
the operational state

Every 6 months

Every 6 months

Every 6 months

Visual checks every session

Before beginning of work,
usually daily

Weekly

Room air changes per hour

Air velocities on workstations

HEPA filter integrity checks

Isolators: Isolator glove integrity

Pressure differentials across HEPA
filters

Isolator pressure hold test (with
gloves attached)

In addition, an aeration test must be performed after a
complete sterilisation cycle. This test determines the aer-
ation time required to obtain a residual concentration of
the sterilising agent compatible with the safety of operators,
the environment, and the end product. A reactive Dréger
tube (sensitive to hydrogen peroxide or peracetic acid)
may be used to perform this test. An aeration delay is
defined after the aeration test depending on the cycle of ster-
ilisation, ventilation procedure, and volume of the isolator.

It is recommended that the RABS or isolator be left
running 24 h a day, 7 days a week to help prevent microbio-
logical and chemical contamination.

Frequency of monitoring®.

8.4 Validation and certification

All equipment and processes used in the preparation of par-
enteral cytotoxic drugs that affect product sterility or attri-
butes should be validated or certified. Documentation to
this effect should be approved, maintained, reviewed, and
signed off.

For certification see Section 6.2.12. For process valid-
ation see Section 6.2.13.

Table 5. Common tests performed during operational and
performance certification.

BSC -
Test cleanroom Isolator OC PC
HEPA filter integrity test X X X N/A
(DOP)
Airflow: check X X(1) X(2) X@3)
unidirectional flow and
air velocity
Leak testing of the X(4) X X X
enclosure
Air distribution studies X X X X
Air change rate per hour X X X X
Particle counting X X X X
Pressure regulation and X X X X
alarm
Sterilisation N/A X X(5) X(6)
Aeration/ventilation after N/A X X(5) X(6)
sterilisation
Noise level X X X N/A
Light level X X X N/A
Checking procedure X X N/A X

Note: This is not an exhaustive list. (N/A = not applicable).

Applies only to isolator with unidirectional airflow.
Without final equipment (e.g. shelving, filling pump).
With final equipment.

Applies only to Class Ill BSCs.

Without load.

With load.

oA wWwN —
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Most of the monitoring tests described above may be
used for operational certification (OC) or performance cer-
tification (PC). Commonly applied tests are listed in
Table 5.
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Section 9 — Nonsterile preparations

Many cytotoxic drugs are administered via non-parenteral
routes such as oral and topical. The oral route is being
used increasingly more as new drugs become available.

Personnel are vulnerable to exposure to cytotoxic drugs
by direct contact and inhalation. As with sterile cytotoxic
drug preparations, the hierarchic order in protection mea-
sures must be implemented when making nonsterile cyto-
toxic preparations (see Section 5).

9.1 Handling of tablets, capsules, and
other solid dosage forms

Tablets and capsules must be handled in a manner that
avoids skin contact, release of drug particles into the air,
and chemical cross-contamination with other drugs. Safe
work procedures should be documented and should
include the following:

(a) Use gloves when handling tablets or capsules.

(b) All equipment used in the dispensing of cytotoxic
tablets and capsules must be dedicated to this
purpose and clearly labeled as such.

(c) Cytotoxic tablets and capsules should not be counted
using a counting machine.

(d) They should not be stored in automated dispensing
cabinets (ADCs) without blisters or original packaging
as they can generate particles and contaminate the
device.

(e) Tablets and capsules should not be crushed or broken.

(f) Containers with damaged contents should be
discarded.

(g) Equipment should be cleaned immediately after use.

9.2 Extemporaneous compounding

Crushing tablets, opening capsules, and mixing powders
generate airborne particles and should be avoided whenever
possible. If unavoidable, these actions should be performed
in a cytotoxic drug safety cabinet (CDSC) or compounding
aseptic containment isolator (CACI — refer to glossary).
Some tablets may be dispersed in pre-calibrated bottles
or syringes to form mixtures. Single-dose mixtures are
recommended. Any instructions provided by the

manufacturer should be followed. Published formulae
may be available for some drugs.

Some extemporaneous solutions can be compounded
using ampoules or vials by following referenced
procedures.

Final products of nonsterile preparations should be
labelled as cytotoxic to warn all personnel associated with
further steps in the workflow.

All equipment used in extemporaneous compounding of
cytotoxic drugs must be dedicated to this purpose and
clearly labeled as such. Equipment should be cleaned
immediately after use with a strongly alkaline solution fol-
lowed by a neutraliser, then rinsed with water or wiped with
water-absorbent pads to avoid residue (see Section 13).

For batch documentation requirements, see Section 11.

9.3 Facilities, biological safety cabinets
(BSCs), and personal protective
equipment (PPE)

The extemporaneous preparation of cytotoxic drugs should
be performed under the same conditions as for parenteral
cytotoxic drugs. Preparation should be carried out in a sep-
arate room dedicated to this purpose. This room must have a
warning sign outside and be restricted to trained staff only.
A spill kit should be readily available.

The room should operate at negative pressure to minim-
ise the risk of spreading particulate contamination through-
out the rest of the pharmacy.

All activities likely to result in particle generation, such
as weighing, crushing, mixing, or filling capsules, should be
performed in a Class I BSC. A Class I BSC extracts the air
from behind the operator, flowing over the arms, hands, and
product, before being exhausted at the top of the cabinet.
See Section 8 for more information.

A Class II B2 BSC could also be used, but should not be
used for a mixed activity of sterile and non-sterile prepar-
ation due to the high risk of release of powders and particu-
late contamination into the clean room. In this case, a
disposable system, such as a bag fitted with gloves for con-
tainment in the laboratory, is preferred.

A negative air pressure BSC III is an alternative to a
dedicated BSC Class II B2. A HEPA filter located
within the cabinet exhaust and an additional filter such
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as an active carbon filter may be installed. To create a
negative pressure in the pipeline of the ducting system,
the extracted air should be ventilated to the external envir-
onment, supported with booster ventilation on the
rooftop.

Cytotoxic drug safety cabinets should be validated every
6 months.

Hygiene conditions similar to those described for the
preparation of cytotoxic sterile products also apply to the

preparation of nonsterile products. Hands should be
washed before donning and after doffing gloves. Eating,
drinking, and smoking must not be permitted.

PPE must be used by personnel when preparing extem-
poraneous nonsterile cytotoxic preparations. PPE consists
of gowning (see Section 6), nonsterile gloves (resistant to
chemotherapy and labelled as chemotherapy gloves), and
a mask (P2-3 in Europe/Australasia, N95 in North
America).
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Section 10 - Cytotoxic drug contamination

monitoring

10.1

The risk to healthcare personnel from handling cytotoxic
drugs depends on the inherent toxicity of the drugs and
the extent of exposure that can reach the professional
during daily activities. There are various routes of exposure
to cytotoxic drugs in healthcare facilities. While dermal and
inhalation routes are likely to be the most common, hand-
to-mouth exposure and accidental needle sticks may also
contribute.

Many occupational settings have established exposure
limits for toxic chemicals. No exposure limits have been
established for airborne concentrations of cytotoxic drugs.
However, some exposure limits have been set for soluble
platinum salts and inorganic arsenic, which would include
the cytotoxic drugs cisplatin, carboplatin, and arsenic
trioxide.'

Surface wipe sampling and sampling for airborne drugs
have been the two main procedures for determining work-
place contamination with cytotoxic drugs. These proce-
dures have been employed in many other occupational
settings to determine the level and extent of contamination
of the workplace and to establish safe working levels for
hazardous substances.

Attempts to measure environmental (e.g. wipe sampling)
and health worker (e.g. urine sampling) contamination have
not been correlated to health outcomes for workers.

Some pharmaceutical manufacturers have developed
occupational exposure limits (OELs) for use in manufactur-
ing facilities.®> However, these OELs are used where a
single drug is handled in a nearly fully automated produc-
tion line. For hospital pharmacies, OELs are not appropri-
ate. For genotoxic products, including many
antineoplastic drugs, there is no safe level: zero contamin-
ation should be the target.

Background

10.2 Conditions for exposure

Workers may be exposed to a drug during manufacture,
transport, preparation, distribution, administration in
healthcare or home care settings, or waste disposal.
Exposed workers may include physicians, nurses, and per-
sonnel in shipping and receiving, pharmacies, operating

rooms, and environmental services. Workers in veterinary
practices where cytotoxic drugs are used are also at risk.
Workers may be exposed when they create aerosols, gener-
ate dust, clean up spills, or touch contaminated surfaces.

10.3 Environmental contamination

Since the early 1990 s, studies have examined environmen-
tal contamination of areas where cytotoxic drugs are pre-
pared and administered in healthcare facilities.*™'®

Using wipe samples, investigators measured detectable
concentrations of one or more hazardous drugs in various
locations. These included BSCs, CACI — refer to glossary,
floors, counter tops, storage areas, tables and chairs in
patient treatment areas, and locations adjacent to drug-
handling areas. All studies reported some level of contam-
ination with at least one drug, and several reported contam-
ination with all the drugs for which assays were performed.

Several studies found that outer surfaces of cytotoxic
drug vials were often contaminated with the drug contained
in the vial."*'*~** Sampling methods included wipe sam-
pling, rinsing, and total emersion of the vials using a suit-
able solvent. Because of the nature of the surfaces being
sampled, it is difficult to determine the recovery efficiencies
with drug vials. Once samples are collected, analytical
methods similar to those used for surface wipe sampling
can be applied.

In addition to the cytotoxic agents currently used to treat
cancer, there are many other drugs that are considered haz-
ardous.>?>2° Therefore, sampling for a small fraction of the
drugs that may be present only gives an estimate of overall
workplace contamination.?’

For genotoxic products, including many antineoplastic
drugs, there is no safe level: zero contamination should
be the target.

10.4 Sampling strategies

Before measuring cytotoxic contamination, current work
practices, equipment, and work area layout should be ana-
lysed to identify appropriate sampling locations. The
primary method for monitoring cytotoxic contamination
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in the healthcare facility has been the recovery of marker
cytotoxic drugs from wipe samples.”**

Relatively sensitive sampling and analytical procedures
have been developed for some of the more commonly
used cytotoxic drugs and have been employed as markers
of overall surface contamination. Drugs commonly
sampled include cyclophosphamide, ifosfamide, fluoroura-
cil, methotrexate, paclitaxel, doxorubicin, and platinum-
containing drugs such as cisplatin and carboplatin.?’-*®

A sampling strategy should be developed by the health-
care facility, taking into account the following:

(a) Identification of possible contaminated sites. The
ISOPP Audit Tool can help characterise the pharmacy
and identify weaknesses in the circuit of cytotoxic
drugs.

(b) Identification of the drugs most often prepared. These
drugs should be used for wipe sampling as indicators
for occupational exposure to antineoplastic drugs.

(c) Identification of the day of the week with the highest
volume of preparations. The sampling should be
done on that day.

There is no evidence regarding how frequently routine sam-
pling should occur. At least yearly is recommended,
however it is important to refer to institutional procedures.
Monitoring of environmental contamination is also recom-
mended a month after, there are any major changes in the
area where cytotoxic drugs are prepared or administered
such as moving furniture.

In the presence of a positive result for contamination,
consideration must be given to decontamination of the
work environment, review of SOPs for cytotoxic handling
and compounding, safety of consumables used for com-
pounding (including CSTDs). After an initial decontamin-
ation, manufacturing can continue with regular
environmental sampling. Changes to equipment and pro-
cesses to support reductions in contamination should be
completed in 1 month.

10.5 Surface sampling and analysis

Studies of surface contamination with cytotoxic drugs typ-
ically employ a collection matrix such as tissue or filter
paper wipes and a solvent system proven to aid recovery
of the drugs being studied.?”*®

Strategies have been developed for collecting wipe
samples for other chemicals in various industries that
have been applied to the sampling of cytotoxic drugs.?®*°
A sampling scheme should be developed for each health-
care facility based on published studies and on the initial
characterisation of its pharmacy.

Any program designed to examine surface contamin-
ation must have the means to carry out the analytical tech-
niques necessary to identify and quantify the drugs being

measured. Several analytical methods have been employed
by researchers and are available in the published litera-
ture.””*® These include high-performance liquid chroma-
tography with ultraviolet detection (HPLC-UV), gas
chromatography coupled with mass spectrometry or
tandem mass spectrometry (GC-MS or GC-MS-MS), and
high-performance liquid chromatography-tandem mass
spectroscopy (LC-MS-MS). With the use of CG-MS or
GC-MS-MS for drugs such as cyclophosphamide and ifos-
famide, derivatisation is required before analysis."
Platinum-containing compounds can be analysed using vol-
tammetry'>° or inductively coupled plasma mass spec-
trometry (ICP-MS).%!

Analytical methods have not been based on adverse
health effects in healthcare workers because of the difficulty
in matching sampling values to health outcomes.

Sessink”* developed a “traffic-light” model with refer-
ence values correlating environmental contamination with
cancer risk for healthcare professionals. Risk level refer-
ence values are 0.1 ng/cm® for “green” (acceptable) and
10 ng/cm? for “red” (not acceptable). Alert and action
levels for wipe test results were set in the Netherlands cor-
responding to these values. The aim is to have contamin-
ation levels below 0.1 ng/cm? after cleaning.™

If contract laboratories are used to analyse surface wipe
samples, the methods used for collection, storage, and ship-
ping must be carefully documented and controlled.
Negative controls (blanks) and positive controls (spiked
samples) should be included for analysis. Samples should
be coded so they can be analysed blindly.

Newer technologies are being developed which can give
results shortly after testing in the workplace. These tech-
nologies give positive readings for a threshold level of
certain marker compounds detected by the device. These
techniques do not rely on sending samples for analysis
and can be used as part of a sampling strategy. The thresh-
old levels do not indicate safe operating conditions
however, given the target of zero contamination.

10.6 Air sampling

A number of studies have measured airborne concentrations
of antineoplastic drugs in healthcare settings.®’-'3-30-3441

In most cases, the percentage of air samples containing
measurable airborne concentrations of cytotoxic drugs
was low, as were the concentrations of the drugs found.
These results may reflect the inefficiency of sampling and
analytical techniques used, including the use of glass fiber
or paper filters to capture airborne particulates.>® A solid
sorbent material may be more efficient. Both particulate
and gaseous phases of the antineoplastic cyclophosphamide
have been reported in two studies.®*®
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10.7 Alternative techniques

Fluorescent markers have been used to simulate environ-
mental contamination with cytotoxic drugs. Kromhout
et al.** developed a semi-quantitative fluorescent method
to evaluate environmental contamination. Spivey and
Connor*® employed a fluorescent marker to demonstrate
sources of environmental contamination during simulated
drug preparation and administration. Prepared test Kkits
that use fluorescent markers are available to evaluate
worker skills and training during drug preparation and
administration.**

10.8 Conclusion

Contamination of areas where cytotoxic drugs are prepared
or administered has been documented in studies from coun-
tries in many parts of the world. Drug vials themselves are
known to be contaminated with the drug contained in the
vials. Because most exposures are via dermal or inhalation
routes, surface wipe sampling and air sampling are most
often used to estimate the level of environmental contamin-
ation in areas where cytotoxic drugs are handled.

Sensitive methods have been developed for the more
commonly used cytotoxic drugs. But because many cyto-
toxic and other hazardous drugs are used in the healthcare
setting, studies can only estimate total exposure.

To reduce chemical contamination, it is necessary to
assess the hazards in the workplace, handle drugs safely,
and use and maintain equipment properly.

Monitoring of environmental contamination by surface
wipe sampling is recommended at least yearly to check
cleaning procedures and potential exposure of healthcare
workers to cytotoxic drugs, however it is important to
refer to institutional procedures. Monitoring of environ-
mental contamination is also recommended a month after
there are any major changes in the area where cytotoxic
drugs are prepared or administered such as moving
furniture.
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Section |1 — Checking procedures

Pharmacists play an integral role in ensuring that the treat-
ment a cancer patient receives is accurate and appropriate
for them and their diagnosis. Pharmacists or technicians
completing these roles must be authorised and credentialled
according to local policies and comply with jurisdictional
regulations. The key steps a pharmacist must take when
checking prescriptions for cancer therapy follow.

The pharmacist should receive an electronic prescription
or, in the absence of an electronic prescribing system, a
printed prescription using a standardised template. The pre-
scription should comply with the following medication
safety principles.’

(a) All prescription should include the full generic name of
the drug.
(b) No abbreviations should be used (e.g. 5-FU for

fluorouracil).

(c) “Units” should be spelled out: “U” could be mistaken
for a zero.

(d) A leading zero should always be used (0.5 mg, not
.5 mg).

(e) A trailing zero should never be used (2 mg, not
2.0 mg).

The pharmacist should check the prescriber’s details and
signature and confirm the prescriber is authorised to pre-
scribe the protocols. Where possible, the clinical oncology
pharmacist who reviews the chemotherapy prescription
should not be the pharmacist involved in the preparation
process. There should be as many independent checks as
possible built into the checking system. SOPs should be
developed that include signed documentation that all
required checks have been carried out. Any problems
detected and rectified should be recorded to facilitate ana-
lysis and future preventive action.

A standardised manufacturing worksheet may be devel-
oped specifying the date, patient demographics, chemother-
apy protocol, doses, and volumes of each drug, and other
special instructions for the care of the patient.

Before chemotherapy is prepared, the prescription should
be verified by an authorised clinical oncology pharmacist.

Clinical verification

Verification should be performed at a minimum before
each treatment cycle. The clinical oncology pharmacist
should work with other health professionals in pursuing
optimal chemotherapy. This section outlines a number of
essential checks that should be completed before prepar-
ation work begins. Pharmacists should also refer to national
and international guidelines regarding clinical verification
of chemotherapy.>

I

The chemotherapy protocol used must be documented in
the patient case notes. A list of standard protocols used
by the institution should be developed. The pharmacist
should work with other healthcare professionals in the
design of optimal chemotherapy and supportive care path-
ways. These treatment protocols should be reviewed and
updated regularly to maintain best practice. There must be
a standard procedure to be followed for non-compliance
with a standard protocol or the use of a non-standard
protocol.

It is recommended that deviation from a standard proto-
col and use of a protocol not on the list of approved proto-
cols conform to the locally approved governance procedure.
This may include consultation with the senior medical
officer responsible for the patient and with a consultant
having expertise in the tumour stream being treated.

For each verification, the pharmacist should verify the
cycle number, day of cycle, and time interval since the pre-
vious treatment. The pharmacist should document any
agreed changes including reference citations.

Chemotherapy protocol

I'1.1.2 Patient profile

Pharmacy-based profiles should be established and main-
tained for all chemotherapy patients. To do this effectively,
pharmacists must have ready access to the following:

(a) patient demographics, including dosing variables (age,
height, weight, calculated BSA, amputation);

(b) treating physician;

(c) current treatment plan, including disease and stage,
chemotherapy protocol, and aim of therapy;

(d) laboratory measurements;
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(e) allergies and adverse drug reactions;
(f) past medical history;
(g) past and current medications.

This information must be kept current and referred to before
each dispensing of chemotherapy.

I'1.1.3 Body surface area

The pharmacy department must have procedures in place
for checking the body surface area calculated by the pre-
scriber. The method of calculation and the type of BSA
used should be consistent throughout the institution and
agreed upon by all oncologists and hematologists who
treat chemotherapy patients. If possible, this should be an
automated function of the computer program used in pre-
scribing. A standard operating procedure (SOP) should be
developed that includes signed documentation that this
check has been carried out. Any corrective action taken
by the pharmacy should also be documented.

I1.1.4 Dose calculations

The prescription must be checked against the chemotherapy
protocol being used. The interval since last treatment should
be appropriate. All doses must be checked against the proto-
col. Any deviations should be verified and documented.
Any doses based on patient parameters such as BSA,
weight, or creatinine clearance must be re-calculated
using up-to-date values.

Consideration should be given to dose rounding or dose
banding, according to local guidelines, to facilitate prepar-
ation and supply of chemotherapy. Consideration must also
be given to the patient’s renal and hepatic function and any
possible drug interactions. If possible, the calculation func-
tion should be automated in an electronic system and
patient dossier. An institution may also choose to set a
maximum daily dose and maximum cumulative dose par-
ameter within the checking system. It must be documented
that this check has taken place along with any corrective
action taken.

I'1.1.5 Supportive medications

All supportive medications must be included on the chemo-
therapy prescription. These may include anti-emetic therap-
ies, antihistamines, steroids, fluids, and diuretics.

I'l.1.6 Laboratory parameters and patient organ
function

Laboratory parameters should be checked by the pharmacist
before treatment preparation begins. This check should
include full blood values including differential white cell
count, serum creatinine, creatinine clearance, LFTs, and

electrolytes as indicated in the chemotherapy protocol.
Specific organ functions, such as lung function and left
ventricular ejection fraction, should also be checked
where indicated by the protocol or toxicity profile of
the agent. Other tests may be required as new agents
become available. If chemotherapy is prepared in
advance, there must be stringent procedures in place to
ensure that the chemotherapy is not released from the
pharmacy or administered until appropriate laboratory
results have been checked and approved by the pharmacist
or treating physician.

11.2 Preparation checks

Checks must be completed at various stages of the prepar-
ation process. These include an assembly check of all raw
materials required, a check of dosage and volume calcula-
tions, and a final check of the finished product, including
products and volumes used, labelling, and packaging. The
required container and diluent must be checked to ensure
the therapy is stable and shelf life is optimised. All data
should be recorded on a standardised worksheet or electron-
ically for every preparation. Written instructions should be
available for the reconstitution, dilution, mixing, labeling,
and packaging of all admixtures. There should be a standard
procedure in place to retrieve the batch number and expir-
ation date of all drugs and diluents used in the preparation
of cytotoxic preparations.

11.2.1

All items required for the preparation of a product should be
assembled and checked by a designated pharmacist or
senior technician before entering a safety cabinet or com-
pounding aseptic containment isolator (CACI - refer to
glossary). This check must comply with regulations cover-
ing compounding in the relevant jurisdiction. This check
should ensure that the drug and strength are correct and
the reconstitution fluid and infusion bag (volume, fluid,
and container) are appropriate. The quantity of full vials
and volumes of any partially used vials should be
checked. The storage conditions and expiration dates of
all components should be verified. Labels generated and
completed worksheets should be checked for accuracy.
The designated person should sign that these checks have
been completed.

Assembly of raw materials

I'1.2.2 Preparation

Volumes of drugs to be used should be recalculated inde-
pendently by the operator performing the aseptic manipula-
tion. A validated computer program should be used if
available. If dose rounding is employed to facilitate easy
preparation, this should be documented and standardised.
If a volume of drug is added to an infusion fluid, the
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volume added must be documented by the operator and
there should be a system in place to allow checking, The
signature of the operator must be recorded for each prepar-
ation made.

Only one patient’s treatment should be prepared at a
time. Only one drug should be in the safety cabinet or
CACI at any time.

An institution may choose to select vial sizes that can be
combined to dispense actual doses required. For example, if
preparing doxorubicin 70 mg, then a 50 mg plus a 20 mg
vial would be used. This approach minimises the risk of
adding too much drug and removes the need to pass cyto-
toxic solutions back out of the sterile room. This approach
also allows the operator to work more independently in the
sterile area without multiple volume checks by the pharma-
cist. Using this method, no unopened or used vials should
be left in the safety cabinet or CACI for later use. The dis-
advantage of this approach is that the pharmacy must
stock a range of vial sizes that may potentially lead to
selection error.

If multi-dose vials are used, a procedure must be in place
to ensure that the added volume and the selected drug are
checked before the preparation is removed from the safety
cabinet or CACI. This check must be performed by a
pharmacist. Any leftover solution should then be kept in a
dedicated marked area for later use. This approach will
reduce the range of products that have to be stocked by
the pharmacy, and most likely will be more economical.
In addition, the aseptic manipulation will be simpler,
faster, and safer for the operator. The disadvantage of this
approach is that volume checking by the pharmacist
becomes crucial.

Procedures must be in place to allow checking of drug
volumes added to infusion bags. A volume reconciliation
method may be used where volumes of drug entering
and leaving the safety cabinet or CACI are documented
and checked visually by a pharmacist. An institution
may prefer to check the volume marked on a syringe
before being added to an infusion bag or the remainder
volume in a syringe for subtractive measurement of
what was added.

A product may also be checked by barcode and volume
added by weight using integrated balances and software.
Whichever method is used, items should be properly
sealed before leaving the cleanroom or CACI to prevent
contamination.

Verification may also be conducted by a safety
cabinet or CACI camera and monitor. Monitoring must
be performed before the compounded cytotoxic is deliv-
ered to the patient. If the verifying pharmacist or phar-
macy technician notices that one or more procedures
have not been followed correctly, all cytotoxic drugs
compounded during this period must be discarded, and
the discarding of preparations must be entered in the
preparations log.

Additional quality control measures can be implemented
using high-performance liquid chromatography (HPLC),
however the high cost of this is often prohibitive.

I'1.2.3  Finished product

The finished product must be checked before release by a
pharmacist or experienced certified technician (the
checker) following strict SOPs as allowed by regulations
in the jurisdiction. A volume calculation check should be
done. All components used should be verified as appropri-
ate. A visual inspection of the finished product should be
performed by the checker for particulates, clarity, and
colour and to check the container for possible leaks. A
system must be in place to allow the checking of volumes
used in the preparation process. Details on the label
should be checked, including patient name, hospital regis-
tration number, drug, dose, fluid volume, route of adminis-
tration, duration of infusion, date and time of preparation
and expiration, recommended storage conditions, and any
additional warning or advisory notes. Intrathecal cytotoxic
drugs should be labelled “For intrathecal use only.” The
integrity of the seal of the product should be checked.
The pharmacist must sign that the final check of the
product has been performed.

Before release from the pharmacy, the product should be
checked against the medication prescription by a pharma-
cist. This pharmacist should not be the same pharmacist
who clinically verified the prescription.

I'1.2.4 Non-pharmacist staff

Non-pharmacist staff involved in the preparation and/or
checking of cytotoxic drugs may include qualified phar-
macy technicians and pre-registration graduate pharmacists.
Different countries will have different requirements for the
certification of technicians. At the least, they should have
completed some in-house training or credentialing to the
satisfaction of an experienced pharmacist (see Section 4).
Unqualified technicians and pharmacy assistants and phar-
macy undergraduates should not be permitted to prepare or
check these agents.

11.3 Validation
11.3.1

Validation of the product is used to confirm that the pro-
cesses used consistently result in a product having the
correct constituents at a concentration that is within accept-
able limits, and that the chemical and microbiological integ-
rity of the product is maintained throughout its designated
shelf-life.

Validation of the microbiological quality of the product
cannot be performed with conformity to the European

Validation of the product
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Pharmacopoeia (sterility test) because each preparation is
specific to the patient and the final volume is usually too
small to reach Pharmacopoeia requirements. Investigation
of the microbiological quality of the final product could
be done periodically by a microbiological analysis of
extra preparations. The microbiological integrity through-
out the product’s shelf-life should be tested by a media
fill test.

Validation of the concentration of the final product is dif-
ficult to perform. Analytical methods for each cytotoxic
drug should be available. The volume of sampling must
not affect the final dosage of the preparation to be given
to the patient. If extra volume for sampling is added to
the preparation, there is a risk of error in the dosage given
to the patient. Methods should be developed during the
preparation process to ensure the correct concentration of
the final product. Double checking during withdrawing
and injecting the drug must be implemented. Weighing pro-
cedures during the preparation process and on final product
check could help guarantee the correct final concentration.
Dosage of extra preparations could also be checked
periodically.

Chemical integrity throughout shelf-life should be docu-
mented using data from international stability studies.
Chemical stability is the responsibility of the pharmacist
and must take the following into consideration:

(a) commercial formulation used;
(b) dilution solvent used;

(c) final concentration;

(d) final container used;

(e) storage temperature;

(f) light protection during storage.

I'1.3.2 Validation of lack of cross-contamination

Cross-contamination can be defined as the contamination of
one drug with another during the preparation process.

For cytotoxic drugs prepared in the hospital setting, many
different drugs are simultaneously prepared. However, the
risk of cross-contamination is low if the process is per-
formed without opening vials by using disposable transfer
devices. The checking of all routinely used cytotoxic
drugs is extremely difficult due to the diversity of analytical
methods required. One method to check cross-contamin-
ation would be to choose one cytotoxic drug commonly
used, simulate the process with the drug chosen, then
search for the drug inside placebo preparations that are sim-
ultaneously prepared. Another method would be to use a
tracer instead of the cytotoxic drug and simulate the
process in the same way.

I'1.3.3 Validation of computer program

Computer program validation confirms that computer hard-
ware and software systems perform to the required stan-
dards, delivering an output that is accurate and free of
error (see Section 27).
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Section |12 - Safe administration of
cytotoxic drugs and monoclonal antibodies

12.1

The safe handling of cytotoxic drugs and monoclonal anti-
bodies (mAbs) is the joint responsibility of all departments
in the healthcare facility. A multi-disciplinary approach
should be taken to reduce workplace contamination and
exposure to cytotoxic drugs and mAbs.

Standard operating procedures (SOPs) and guidelines
should be developed to facilitate the safe administration
of all hazardous drugs and monoclonal antibodies. These
drugs should only be administered by nursing, medical,
and pharmacy staff with adequate training, competency,
and credentialing.

These drugs require safe handling precautions by staff
as there is a risk of internalisation of drugs through ingestion,
aerosol inhalation, or absorption into mucous membranes.
Exposure may occur from solid (particulate) or liquid aero-
sols, liquid spills or splashes, and needle stick injuries.

The choice of products and devices used will have an
impact on reconstitution and administration practices. For
example, the use of closed system transfer devices (CSTDs)
for preparation can have implications in the compounding
process and administration (compatible administration sets)
(see Section 7).

The pharmacy has an important role to play in the choice
of these products and devices in assessing safety, usability,
and costs. All professionals involved in cytotoxic and mAb
compounding and administration should participate in the
selection of devices used within the institution.

Despite best practice, the external surfaces of a manufac-
tured product can be contaminated with cytotoxic drugs. If
bags or syringes prepared in the pharmacy are contaminated
on the outer surfaces, nurses are at risk of exposure. Any
process undertaken during the preparation of cytotoxic
drugs in the pharmacy which may result in contamination
outside the pharmacy must not be permitted (see Section 6).

Any equipment used for parenteral, oral, or topical
administration of cytotoxic drugs should be immediately
discarded into a cytotoxic bin.

In the event of a spill, cytotoxic spill procedures should
be followed (see Section 14).

If cytotoxic drugs are administered outside the hospital,
sufficient information should be made available to nurses

Overview

about the products and safe handling requirements.
Additional written protocols about administration should
also be made available.

Nurses should be given education and training for using
electronic or mechanical pumps, what to do in the case of
alarms, and dealing with incidents or accidents.

The excreta of the patient should be treated as a cyto-
toxic contaminant. Anything (such as the treatment chair)
that comes into contact with the patient’s skin can be con-
taminated and should be treated with the same precautions.

12.2 Parenteral administration

Exposure to monoclonal antibodies may occur via ingestion
or contact with mucosa. Although unlikely, exposure may
occur during administration of the product via splashes.”
Personal protective equipment (PPE) should be worn during
administration of monoclonal antibodies (refer to Section 22).

During the connection and disconnection of cytotoxic
bags or syringes to the administration set, nurses are at
risk of exposure. Nurses should therefore don personal
PPE beforehand. CSTDs have been shown to reduce envir-
onmental contamination. Their use is recommended for
administration of cytotoxic drugs.”™

Administration sets should not be removed from an IV
bag containing a cytotoxic drug. Administration lines
should only be disconnected after the IV drug has been
thoroughly flushed with a compatible non-cytotoxic solu-
tion. The IV bag should be removed with the tubing
intact whenever possible.

After connection or disconnection of administration
lines, nurses should remove their gloves and wash their
hands with soap and water.

12.3 Oral administration

It is advisable that oral forms, such as tablets and capsules,
be packed in individual packages (unit-dose). Patients
should self-administer where possible.

If coated tablets or capsules are to be administered,
chemotherapy-resistant gloves should be worn. If the
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tablet is uncoated or an oral cytotoxic liquid is to be admi-
nistered, full PPE should be worn.

Oral formulations of cytotoxic drugs should not be
crushed, dissolved, or otherwise altered without the
advice of the pharmacy department. See Section 9 for phar-
macy-based compounding and alteration of oral dose forms.

12.4 Topical administration

Topical applications such as creams or lotions may be
covered with bandages to protect clothing and linen.
Occlusive bandages may increase the dermal absorption
of the drug. Pharmacists should provide advice to other
staff on the use of appropriate dressings.
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Section |13 - Cleaning procedures

Cleaning procedures are part of the administrative controls
for safe handling of cytotoxic drugs. These procedures
control and reduce environmental contamination in areas
where cytotoxic drugs are handled.

Cleaning procedures include deactivation, decontamin-
ation, cleaning, and disinfection. These procedures must
be based on legislative requirements. Refer to USP or
PIC/S guidance and the recommendations of the manufac-
turer of the equipment to be cleaned.

In this section, the term ‘“disinfectant” includes anti-
microbial agents and sanitising agents.

13.1 Cleaning the C-PEC, including
automatic equipment for aseptic
preparation

The cleaning, disinfection, and organising of the ventilation
tool is the responsibility of trained pharmacists and techni-
cians following written procedures.

13.1.1 Personal protective equipment (PPE) (also
see Section 6)

PPE includes goggles or face shield, protective double
gloves, fluid-resistant closed-front gown with long sleeves
and tight-fitting cuffs, mask (P2/3 in Europe/Australia,
NO95 in North America), and disposable hair cover. Refer
to local and authoritative cytotoxic safe handling
guidelines.

PPE must be worn for all cleaning procedures. Gloves
must be chemically resistant to the detergent, cleaning, dis-
infection, and deactivation agents used. Face shields must
be worn if splashing is possible. Hands must be washed
thoroughly with soap and water immediately after removing
gloves.

13.1.2 Cleaning agents

Cleaning agents include surfactants, chlorine-based pro-
ducts, and alcohol. The choice of products should be
related to the bio-burden, time and application of the
product, the equipment used, and eventual resistance
problems.

Consideration should be given to compatibility, effect-
iveness, and inappropriate or toxic residues. Isopropyl
alcohol (IPA) 70% may harbour resistant microbial
spores. Therefore, IPA used in the clean room should be
passed through a 0.2 pm filter to render it sterile.
Alternatively, sterile IPA or ethanol 70% may be able to
be sourced directly from a supplier. In some some com-
pounding aseptic containment isolator (CACI — refer to
glossary) applications, IPA 70% may not be used due to
an incompatibility with attached neoprene gloves. Refer
to CACI manufacturer’s guidelines for more information,
however IPA concentration of greater than 60% should be
used. Sterile IPA should be checked periodically for micro-
bial contamination.

Chlorine-based products have been shown to be highly
effective decontamination agents for a variety of cytotoxic
products. They are useful for the cleaning of cytotoxic
spills and for decontamination. However, they are corro-
sive: their use on metals such as those in biological safety
cabinets (BSCs) and CACISs is not recommended.

The schedule of use and methods of application should
be in accordance with written procedures. Diluted solutions
should be kept in cleaned containers. They should not be
stored for long periods unless they are sterilised and chem-
ical stability has been established. Partly emptied containers
should not be topped up. The cleaning solution should be
applied to the wiper while avoiding contamination of the
cleaning solution. Cleaning solutions should never be
sprayed in the BSC to avoid damage to the HEPA filter.

13.1.3  Cleaning materials

Cleaning materials for use in the clean room, such as
wipers, mops, and disinfectants, should be made of materi-
als that generate a low number of particles. Disposable
cleaning materials are recommended. After use these
should be disposed of with other cytotoxic waste.

13.1.4 Timing of cleaning

Beginning of session or after liquids are spilled. At the begin-
ning of each compounding session and after liquids are
spilled, all items should be removed from the ventilation
tool. All surfaces should first be cleaned with sterile water
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for irrigation and detergent to remove loose material and
water-soluble residues. The same surfaces should then be
disinfected with sterile 70% IPA or other effective anti-
microbial agent that is left on for a time sufficient to exert
its antimicrobial effect. 70% IPA may damage the clear
plastic surface of some ventilation tools.

Class Il BSC runs continuously. A Class II BSC that runs con-
tinuously should be cleaned before the day’s operations
begin and at regular intervals or when the day’s work is
completed. For a 24-hour service, the BSC should be
cleaned 2 to 3 times during the day.

BSC is turned off. If the BSC is turned off between aseptic
processes for routine maintenance or any other reason, it
should be operated for at least 30 min to allow complete
purging of room air from the critical area, then cleaned
and disinfected before use. If the CACI has been turned
off for less than 24 h, a 2-minute start-up time is sufficient.
For periods greater than 24 h, the chamber should be disin-
fected. The CACI should not be used for at least 10 min
after application of the disinfectant.

The time required for purging will depend on the design
of the ventilation tool and determined during performance
qualification or validation.

13.1.5 Procedure for cleaning BSC

The procedure for cleaning the BSC is as follows:

(a) Wipe the surfaces of the ventilation tool including
front, sides, and bottom in the direction of the groove
of each surface.

(b) Clean from upstream, closest to the HEPA filter, to
downstream.

(c) Start with the rear wall of the BSC and move down.

(d) Wipe in a continuous motion working parallel to the
HEPA filter.

(e) When a corner is met, ‘S’ curve and return to the
opposite side while overlapping the previous stroke.

(f) Continue with fixtures (e.g. gas or vacuum valves, bar
and hooks, if present), the sides, and lastly the work
surface.

(g) After completing the cleaning, do not use the hood for
at least 5 min. This allows the alcohol to dry.

(h) Do not remove the sharps container until full and ready
for disposal.

13.1.6 Procedure for decontamination

Routine decontamination. The ventilation tool should be
decontaminated at least weekly, any time a cytotoxic spill
occurs, before and after certification or voluntary

interruption, and when the ventilation tool is moved.
Ideally, the process and its frequency should be validated.

Detergent, sterile water for irrigation, and disinfectant
bottles should be placed on a plastic-backed disposable
liner outside the BSC when not in use. The choice of pro-
ducts should be related to the cytotoxic product, time and
application of the decontamination product, equipment
used, and eventual resistance problems.

The procedure for decontamination is as follows:

(a) Wipe from top to bottom, starting with the top grill
(controversial — see Section 13.1.10) and following
airflow.

(b) Repeat using sterile water for irrigation until residue is
removed.

(c) Finish by disinfecting. An alcohol dampened towel
may be used to wipe the top grill (see Section
13.1.10) and front grill.

(d) Pull the viewing window down and decontaminate
both sides with detergent solution, rinse with sterile
water for irrigation, then disinfect.

(e) Discard the outer pair of gloves and used wipers in the
sealable bag.

(f) Decontaminate the perimeter of the opening into the
BSC with detergent solution, then rinse with sterile
water for irrigation.

(g) Thoroughly wash protective eye wear with detergent.

The decontamination procedure should be completed at
the end of the day whenever possible. If it must be com-
pleted during the day, the BSC should be allowed to run
for 30 min to purge before using it for aseptic preparation.

Decontamination dfter biological product. The use of one
cabinet to prepare both cytotoxic drugs and BCG vaccine
is NOT recommended. If a biological product such as
BCG vaccine for bladder instillation is prepared in the ven-
tilation tool, the tool should be decontaminated following
preparation. To prevent iatrogenic transmission of the
organism, some centers dedicate one BSC solely to the
preparation of BCG and prepare chemotherapeutic drugs
in a separate pharmacy location.! Other centers prepare
BCG on the ward using a containment device. The latter
two options are preferred.

Decontamination before admixing non-cytotoxics. In facilities
where the ventilation tool is used for admixing cytotoxics
and non-cytotoxics, the ventilation tool should be deconta-
minated before admixing non-cytotoxics if it has not been
decontaminated since it was last used for cytotoxics. The
use of one cabinet to prepare both cytotoxics and non-cyto-
toxics is NOT recommended.

Decontamination of sump. The lower part of the BSC should
be cleaned at least once a week to reduce contamination.
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The fan motor (blower) should not be turned off while
cleaning the lower part of the hood (sump), but care must
be taken to ensure that nothing will be sucked up into the
fan. Some BSCs have a screen on the fan to prevent this.
The sump decontamination procedure is as follows:

(a) Raise the work tray.

(b) Rather than removing it from the BSC, lean on the
back surface of the BSC, use a stainless-steel wire to
suspend the work tray, or use a stainless-steel prop to
hold it up. To prevent back strain when decontaminat-
ing a 1.8 m (6 foot) BSC, two people should lift and
replace the work tray.

(c) Decontaminate with detergent and rinse with sterile
water for irrigation, then disinfect the work tray with
alcohol before replacing.

(d) A filter is located under the work tray. It is essential
that care is taken not to wet the filter as it will render
it ineffective.

Decontamination of initial and prepared product. Cytotoxic
vials should be wiped before entering the cabinet or
CACI where compounding will take place; avoid spraying
the vials as this could result in transfer of the contamination
to the air and adjacent surfaces.”

Additionally, the prepared product (infusion bag or
syringe containing the hazardous drug) must be decontami-
nated before it is sealed in a plastic bag for transfer into the
ward.

13.1.7 Waste handling

Waste generated throughout the cleaning or decontamin-
ation procedures should be collected in plastic bags,
sealed and wiped inside the ventilation tool, and removed
with minimal agitation.

13.1.8 Documentation

Daily cleaning and disinfection, weekly decontamination,
and monthly sump cleaning should be recorded in the
quality control log.

13.1.9 Gas sterilised CACls

The above procedures for cleaning and disinfecting should
be implemented for CACIs. Compatibility with structural
components (e.g. the plastic wall, CACI gloves, sleeves,
half suit) must be checked before use. The cleaning proced-
ure must take care never to disrupt the sealed enclosure. For
example, the CACI attached gloves should be removed fol-
lowing a ‘‘safe change’ procedure (without breaking the
integrity of the system) in accordance with I1SO14644—7°
annexe C. If for maintenance reasons the CACI integrity
is disrupted, PPE must be used appropriate for the chemical

risk. Cleaning and disinfection of the workstations should
be performed daily. Sterilisation of the enclosure should
be performed periodically and the frequency should be
validated.

13.1.10 Controversies

Decontaminating the BSC ceiling grill. There is a lack of con-
sensus regarding decontaminating the ceiling grill in the
BSC using detergent. Some references suggest cleaning in
place while others caution not to wipe it with detergent.
The concern is that if the HEPA filter becomes wet, this
may affect the integrity of the filter and compromise its
function.

Alternating germicides. The ASHP guidelines on quality
assurance for sterile products describe the need to alternate
germicides as controversial. According to Akers and
Moore,* the data do not support alternating germicides. A
literature search’ found little evidence for periodic alterna-
tion of disinfectants. The search did find that alternating use
of acidic and alkaline phenolic disinfectants reduces resist-
ance arising in pseudomonas adhering to hard surfaces.
Microbial resistance might be due to the use of ineffective
disinfectants, sub-effective dosages, or sub-effective
contact times.®

In general, the disinfectant need not be changed unless
there is a problem. The source of the problem should be
identified before making a change.

Residues left by disinfectants. There are two opinions on
residue left by disinfectants. One opinion is that residue
from the use of formulated germicidal detergents may
have beneficial bacteriostatic properties. The other
opinion is that no residue is acceptable in a clean room,
and the residue should be removed with an alcohol or
water irrigation rinse.’

Sporicidal disinfectants. Because routine disinfectants will
not be effective against bacterial endospores such as
Bacillus, a sporicidal agent should also be applied periodic-
ally (e.g. weekly or monthly). Since most sporicidal disin-
fectants are highly toxic or corrosive, they should not be
considered for daily use.®

Deactivation agents. The NIOSH Alert’ recommends that
work surfaces be cleaned with a deactivation agent and
cleaning agent before and after each activity and at the
end of the work shift. Many drug manufacturers recom-
mend the use of a strongly alkaline detergent as an appropri-
ate deactivating agent for some hazardous drugs.
Researchers have shown that strong oxidising agents such
as sodium hypochlorite (bleach) are effective in deactivat-
ing some hazardous drugs where an oxidative action is
appropriate. However, bleach may pit the stainless-steel
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surface of the BSC and react with some cytotoxics. For
example, the material safety data sheet for mitoxantrone
notes that chlorine gas may be liberated when the drug is
degraded with bleach. Other drugs are deactivated by
hydrolysis. These issues have been reviewed recently.'”

No single product is capable of decontaminating all haz-
ardous products.

13.2 Cleaning rooms

For the purposes of this standard, the terminology in the
USP 797'" will be used to describe the cleanroom (the
area designated for preparing sterile products). The ventila-
tion tool is located in the buffer zone/area adjacent to the
anteroom/area.

13.2.1

Personal protective equipment. PPE must be worn as per
Section 13.1.1.

Buffer zone

Work surfaces. All work surfaces, such as counter tops and
supply carts, should be cleaned and disinfected daily. The
surfaces should first be cleaned with water and detergent
to remove water-soluble residues. Immediately thereafter,
the same surfaces should be disinfected with sterile 70%
IPA or other effective antimicrobial agents left on for a
time sufficient to exert their antimicrobial effects.

Carts, tables, stools, and chairs. Large pieces of equipment
used in the cleanroom, such as carts and tables, should be
made of materials that can be easily cleaned and disin-
fected. Stainless steel is recommended. Stools and chairs
should be cleanroom quality. Carts, tables, stools, and
other hard surfaces should be cleaned and disinfected
weekly and after any event that could increase the risk of
microbial contamination.

Storage shelving. Storage shelving should be emptied of all
supplies, cleaned, and disinfected at least weekly using
approved agents.

Nonporous and washable surfaces. The floors of the clean-
room should be nonporous and washable to enable
regular disinfection. Carpeting and porous floors, walls,
and ceiling tiles are not suitable for cleanrooms. These sur-
faces cannot be properly cleaned and disinfected.

Floors. Floors in the cleanroom should be cleaned by
mopping at least once daily when no aseptic operations
are in progress. Floor mops may be used in both the
buffer zone and the anteroom, but only in that order.
Trained supervised custodial personnel using approved
agents described in the written procedures may perform
the mopping.

Refrigerators, freezers. Refrigerators, freezers, shelves, and
other areas where pharmacy-prepared sterile products are
stored should be kept clean.

Other equipment. Equipment that does not come in contact
with the finished product should be properly cleaned,
rinsed, and disinfected before being placed in the clean
room.

Decontamination of exterior of ventilation tool. The exterior
surfaces of the ventilation tool should be decontaminated
with detergent solution, cleaned with sterile water for irriga-
tion, and disinfected weekly. 70% IPA may damage the
clear plastic surfaces of some ventilation tools.

Clean from cleanest to dirtiest areas. Cleaning should
proceed from the cleanest to the dirtiest area of the room.
This would involve a ceiling-to-floor cleaning flow,
moving outward from the ventilation tool to the exit. The
orientation of the HEPA filters (if present) should also be
considered when performing cleaning procedures.

Ceilings and walls. Ceilings and walls should be cleaned at
least monthly or as required to maintain cleanliness.

Disinfectants and detergents. Disinfectants and detergents
should be selected to prevent microbial contamination.
Careful consideration should be given to compatibility,
effectiveness, and inappropriate or toxic residues. The
schedule of use and methods of application should be in
accordance with written procedures. Diluted solutions
should be kept in cleaned containers. They should not be
stored for long periods unless they are sterilised and chem-
ical stability has been established. Partly emptied containers
should not be topped up. The cleaning solution should be
applied to the wiper while avoiding contamination of the
cleaning solution.

Cleaning materials. Cleaning materials for use in the clean
room, such as wipers, mops, and disinfectants, should be
made of materials that generate a low number of particles.
Disposable cleaning materials are recommended. After
use these should be disposed of with other cytotoxic waste.

All cleaning tools should be non-shedding and dedicated
to use in the clean room. Most wipers should be discarded
after one use. If cleaning tools are reused, they should be
cleaned and disinfected after use and stored in a clean envir-
onment between uses.

Waste handling. A method of disposing of waste, including
needles, should be established that does not allow accumu-
lation in the cleanroom. Trash should be collected in suit-
able plastic bags and removed with minimal agitation.
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13.2.2 Anteroom

Supplies and equipment. In the anteroom, supplies and
equipment removed from shipping cartons should be
wiped with a disinfectant. If supplies are received in
sealed pouches, the pouches can be removed as the supplies
are introduced into the cleanroom without the need to disin-
fect individual items. No shipping cartons should be taken
into the cleanroom.

Custodial personnel. Trained, supervised custodial person-
nel should perform cleaning and disinfection of the ante-
room at least weekly in accordance with written procedures.

Floors. Floors should be cleaned and disinfected daily,
always proceeding from the buffer zone to the anteroom.

Storage shelving. Storage shelving should be emptied of all
supplies and cleaned and disinfected at least monthly.

13.3 Cleaning of equipment and material
used for oral and topical drugs (nonsterile)

Workers may be exposed to cytotoxic drugs when they
create aerosols, generate dust, clean up spills, or touch con-
taminated surfaces during the preparation, administration,
or disposal of cytotoxic drugs. Commonly associated with
cytotoxic drugs given by parenteral routes, exposure can
also occur with drugs prepared for administration by oral
or topical routes.

All items used for the preparation of oral or external-use
cytotoxic drugs should be identified for that use and
reserved solely for these activities. These items should
not be used for non-cytotoxic preparations. Examples
include mortars, pestles, glass plates, spatulas, mixing
devices, and tube fillers. These items should be cleaned sep-
arately from all non-cytotoxic equipment.

13.3.1

All activities likely to result in particle generation, such as
weighing, crushing, mixing, or filling capsules, should be
performed in a Class I or Il BSC (see Section 9).

Preparation in a BSC

Written procedures. Class 1 BSCs should be cleaned and
decontaminated following written procedures.

Personal protective equipment. PPE must be worn as per
Section 13.1.1.

Beginning of session or after liquids are spilled. At the begin-
ning of each compounding session and after liquids are
spilled, all items should be removed from the BSC. All sur-
faces should first be cleaned with sterile water for irrigation

and detergent to remove loose material and water-soluble
residues.

Procedure for cleaning. Refer to Section 13.1.5.
Decontamination. Refer to Section 13.1.6.

Waste handling. Waste generated throughout the cleaning or
decontamination procedures should be collected in plastic
bags, sealed inside the ventilation tool, and removed with
minimal agitation.

Documentation. Cleaning, disinfection, and weekly decon-
tamination should be recorded in the quality control log.

Class Il BSC also used for sterile compounding. A Class II
BSC that is also used for sterile compounding should be
cleaned, decontaminated, and disinfected as described in
Section 13.1. Compounding non-sterile forms of hazardous
drugs in equipment designated for sterile products is not
recommended and should be undertaken with care.

13.3.2  Preparation outside a BSC

Personal protective equipment. PPE must be worn as per
Section 13.1.1.

Work surfaces. Work surfaces should be cleaned with an
aqueous high-pH detergent solution diluted in water then
rinsed with water before and after each activity.

Equipment. Contaminated equipment should be cleaned ini-
tially with gauze saturated with water, decontaminated with
detergent, then rinsed. The gauze should be disposed of as
cytotoxic drug-contaminated waste.

Waste handling. Disposal of unused or unusable non-inject-
able dosage forms of cytotoxic drugs should be performed
in the same manner as for hazardous injectable dosage
forms and waste.

13.4 Validation of cleaning processes

The objective of validation is to confirm that microbio-
logical, chemical, and other contaminants have been
removed or inactivated during the cleaning process.

13.4.1

Microbiological validation of the cleaning process uses
contact plates or swabs before and after the cleaning oper-
ation. For sterile CACIs, the efficiency of the sterilisation
process must be validated using Biological Indicators (BIs).

Microbiological validation
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13.4.2 Chemical validation

Due to the diversity of drugs used simultaneously in a con-
trolled area, chemical validation of the cleaning process is
complex when handling cytotoxic drugs. One approach is
to investigate the most commonly used cytotoxic drugs
(e.g. fluorouracil, methotrexate, ifosfamide, cyclophospha-
mide) by wipe sampling of the surfaces before and after
cleaning. If an analytical procedure is available, investiga-
tion of lipophilic drugs (e.g. carmustine, paclitaxel)
should also be done. The cleaning should not degrade the
cytotoxic drug into more toxic components.
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Section 14 - Cytotoxic spills, extravasation,

and other incidents

14.1

A standard operating procedure (SOP) must be developed
and maintained for the handling of cytotoxic spills within
the institution. When a cytotoxic spill is cleaned, all clean-
ing should begin from the outside of the spill area and grad-
ually work toward the center. All personnel involved in
handling cytotoxic drugs must be trained in the procedures
to be followed in the event of a spill. Records of staff under-
going this training should be maintained.

Cytotoxic spills

[4.1.1  Spills within cytotoxic drug safety cabinet
(CDSC) or compounding aseptic containment isolator
(CACI — refer to glossary)

When a cytotoxic spill occurs within a CDSC or CACI,
work should stop and the spill should be cleaned up imme-
diately. Small spills may be easily cleaned using absorbent
gauze. Large spills may require a spill pillow to absorb a
larger volume of fluid. The area should then be washed
with an appropriately diluted strongly alkaline detergent,
rinsed thoroughly with sterile water, then wiped with
sterile isopropyl alcohol (70%) or other agent.

14.1.2  Spills within cleanroom and anteroom

Cytotoxic cleanrooms that have a positive pressure in rela-
tion to the external environment should be fitted with a spill
switch. When activated, this switch will alter the pressure
differentials within the cytotoxic suite to minimise contam-
ination of the external environment. The switch should also
be fitted with an audible alarm to alert other staff working in
the immediate area. The spill should then be cleaned fol-
lowing the procedures outlined in Section 14.1.6.

14.1.3  Spills within storeroom

All staff working in the pharmacy store must be trained in
the procedure to be followed in the event of both a liquid
and powder cytotoxic drug spill. Wherever cytotoxic
drugs are stored, spill kits with written procedures for use
must be readily available.

14.1.4  Spills during transport

Personnel transporting cytotoxic drugs must be familiar
with the procedure to be followed in the event of a spill.

14.1.5 Contents of spill kit
A spill kit should contain the following:

(a) Written instructions for use of the spill kit.

(b) Warning signs to alert other staff to the hazard and
isolate the area of the spill.

(c) Personal protective equipment (PPE) (e.g. single use
chemoprotectant gown, boots or overshoes, head
cover, goggles or face shields, respirator mask).

(d) Two pairs of gloves manufactured specifically for
handling cytotoxics (with proven resistance).

(e) Small scoop to clean up any broken glass.

(f) Spill mat (alginate impregnated) to absorb small
volumes of spilled liquid.

(g) Spill pillow to absorb large volumes of liquid (this
may an integral part of the spill kit or may be supplied
separately).

(h) Large quantities of swabs.

(1) Concentrated alkaline detergent solution.

(j) Bottled water in the correct quantity for dilution of
detergent.

(k) 2 plastic bags clearly identified for cytotoxic waste.

(1) Clearly labelled cytotoxic waste container.

(m) Spill report or incident form.

If BCG is being transported/used, tuberculocidal disinfect-
ant for BCG live vaccine spills should be included in the
spill kit.

An institution may choose to supply all of these items
within the final cytotoxic waste container.

14.1.6  Spill cleanup procedure

In the event of a cytotoxic spill in any area other than the
CDSC or CACI, the following cleanup procedure should
be followed.
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10.

11.

. Alert other staff in the area to the potential hazard and

limit access by placing the warning sign in a prominent

position. Do not leave the area unattended.

Immediately remove unaffected personnel from the

environment to avoid increased exposure.

Request assistance with managing the spill. Send an

assistant to gather the spill kit, detergent, and cytotoxic

bin and bring them to the area.

Remove the contents of the spill kit and put them on in

the following order:

(a) respiratory mask;

(b) protective eyewear;

(¢) headcover;

(d) first pair of chemoprotectant nitrile gloves;

(e) long sleeved gown with cuffs over the gloves;

(f) overshoes;

(g) Second pair of chemoprotectant nitrile gloves,
covering over the top of the cuffs.

For a liquid spill, wait a few seconds for aerosols to

settle, then carefully place a sufficient quantity of

swabs, alginate impregnated mat, or spill pillow over

the liquid. Take care to avoid splashes. If the spill

involves a powder, carefully place sufficient swabs

over the powder, then carefully wet the mat with

water so that the powder dissolves and is absorbed

by the swab. Cleaning should begin from the outside

of the spill area and gradually work toward the center.

Using scoop and scraper, scoop up any contaminated

swabs, mats, and pillows and carefully clean up any

broken glass. Discard all of this waste into the first

waste bag.

Pour detergent solution to cover the spill and clean the

area of the spill thoroughly using absorbent cloths,

wiping in a circular motion from the outside of the

spill to the centre point of the spill.

Pour water to cover the spill, then wipe with

absorbent cloths in a circular motion from the

outside of the spill to the centre point of the spill.

Repeat 3 times. Discard all waste generated into the

waste container.

Dry the area using absorbent cloths completely to

prevent accidental slippage on wet floor.

Discard all used items into the second waste bag. Seal

the bag and discard into a cytotoxic waste container.

Do not compact waste.

Once the spill has been adequately managed, remove

PPE in the following order and discard in the cytotoxic

waste container:

(a) outer gloves;

(b) overshoes;

(c) gown;

(d) protective eyewear;

(e) hair cover;

(f) respirator mask;

(g) inner gloves.

12. Arrange for collection of waste according to institution
policy.

13. Wash hands thoroughly with soap and water.

14. Arrange for hospital cleaning staff to re-clean the area.

15. Complete the spill report card and forward to the phar-
macy (or record incident as required by institutional
policy).

16. Arrange for a replacement spill kit to be obtained.

Note: Some spill kits may require diluting detergent to
water and using this to clean the spill.

14.2 Contamination of staff and patients

In the event a staff member becomes contaminated with a
cytotoxic agent, the following procedure should be
followed:

1. Immediately call for assistance. Do not leave the person
unattended.

2. Arrange for the spill to be managed by a qualified staff
member while a second staff member attends to the con-
taminated person.

3. Remove all contaminated clothing and, if heavily con-
taminated, discard it into the cytotoxic waste container.
Clothing with a minimal amount of contamination
should be bagged and laundered separately in soapy
water with a thorough rinse.

4. If potential exposure to skin has occurred, wash using
an emergency shower. If one is not available, wash
the contaminated area of skin with soap and rinse with
large amounts of water.

5. If exposure to the eyes occurs, thoroughly irrigate con-
taminated eyes with sodium chloride 0.9% or other suit-
able ophthalmic solution for at least 15 min. It is not
recommended to irrigate the eye directly under
running water from a faucet because of the potential
for water pressure damage to the eye. In all cases
where the eye is thought to be contaminated, ophthal-
mological advice should be sought.

6. If the skin is broken, irrigate the affected area with water
and control bleeding.

7. Seek medical attention as soon as practical if exposure
is not limited to clothing (e.g. skin, inhalation, eyes).

8. Complete an incident report if this is institution policy.

9. Arrange for a replacement spill kit to be obtained if one
is used.

14.3 Extravasation

Each institution should develop a policy on dealing with the
extravasation of vesicant and irritant cytotoxic drugs. This
policy will require input from pharmacy, medical, and
nursing personnel. The medical and pharmaceutical litera-
ture should be consulted and a consensus decision made
about which agents and measures (cold/heat packs) to use
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for each extravasation. An institution may choose to use a
specific antidote for the drug which has extravasated.
Commonly used agents to treat extravasation include
dimethyl sulfoxide (DMSO), dexrazoxane, and hyaluroni-
dase. A formulation of dexrazoxane is available in some
countries for the management of extravasation. This is
usually used if extravasation is large and involves an
anthracycline. Cooling and DMSO should not be used
during treatment with dexrazoxane.

DMSO may be used in the management of amsacrine,
dactinomycin, daunorubicin, epirubicin, idarubicin, mito-
mycin, and doxorubicin extravasation (NOT with liposo-
mal doxorubicin). DMSO is thought to accelerate the
systemic distribution of the extravasated drug through its
vasodilating and anti-inflammatory effects and has free
radical scavenging properties.

Hyaluronidase is recommended for the management of
extravasation of vinca alkaloids and may be used for the
management of extravasation of paclitaxel. It is thought
to act by rapidly promoting the dispersion of extravasated
drug.

DMSO and hyaluronidase should be available in an
extravasation kit and applied as soon as possible after
extravasation has occurred, ideally within 10-25 min.

A policy on warming or cooling the area should be
developed for specific drugs.

A list of vesicant and irritant cytotoxics should be main-
tained by the pharmacy. “Vesicant” should be on the label
of any admixtures prepared by the pharmacy containing a
vesicant.

General recommendations for handling extravasation
include the following:

1. Stop the injection or infusion immediately.

. Leave the venous access device (VAD) in place.

3. Aspirate any residual drug from the VAD using a
sterile syringe.

4. Make a plan.

5. Call for assistance. Notify a medical officer, pharma-
cist, or senior nurse.

6. Collect the extravasation kit.

7. Assess the affected area for signs and symptoms such