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I wish I had the voice of Homer

To sing of rectal carcinoma,

Which kills a lot more chaps, in fact,

Than were bumped off when Troy was sacked.
Yet, thanks tomodera dzZNH S 2y Q& &1 A
It can be killed before it kills

Upon a scientific basis

In nineteen out of twenty cases.

I noticed | was passing blood

(Only a few drops, not a flood).

So pausing on my homeward way

From Tallahassee to Bombay

| asked a doctor, now my friend,

To peer into my hinder end,

To prove or to disprove the rumour

That | had a malignant tumour.

They pumped in Ba$0

Till I could really stand no more,

And, when sufficient had been pressed in,
They photographed my large intestine,

In order todecide the issue

They next scraped out some bits of tissue.
(Before they did so, some good pal

Had knocked me out with pentothal,

Whose action is extremely quick,

And does not leave me feeling sick.)

The microscope returned the answer

That | had certainly got cancer,

So | was wheeled into the theatre

Where holes were made to make me better.
One set is in my perineum
2KSNBE L Oly ¥SStx
Another made me like a kipper

Or female prey of Jack the Ripper,
¢ KNRdZAK (GKAa AyOArAaAirzy:
The neoplasm was taken out,

Along with colon, and lymph nodes
Where cancer cells might find abodes.

A third much smaller hole is meant

To function as a ventral vent:

So now | am like twiaced Janus

The only*god who sees his anus.

LOQff &a¢SINE ¢A(K?2dzi
It was a snappy bit of surgery.

My rectum is a serious loss to me,

.dzi LQ@S | @SNE ySlId
And hope, as soon as | am able,
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To make it keep a fixdiine-table.

So do not wait for aches and pains

To have a surgeon mend your drains;

L¥ KS alFrea aol yOSNE

Er‘gess ou have it out at once,
REAT @2dz 6 Al

And may have progeny as well.

ae TFAYLIE 62NRX
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Thanks to the nurses and Nye Bevan

The NHS is quite like heaven

Provided one confronts the tumour

With a sufficient sense of humour.

| know that cancer often Kills,

But so do cars and sleeping pills;

And it can hurt one till one sweats,

So can bad teeth and unpaid debts.

A spot of laughter, | am sure,

h¥iSy | O0StSNYiGSa

So let us patients do our bit

To help the surgeons make us fit.
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New Statesm@ 21 February 1964: 298.

"In India there are several extra faces, up to
four, but both in Brahma and in Shival, own
myself an unbeliever.

John Burdon Sanderson (J.B.S.) Haldane, FRS (5
NdvefDer 189F 1i DedetiSer &Y Was an
English evolutionary biologist and largjesn-

life character. With the use of statistics in
bidlogyR e WaS @& coldrielzof e Darwinism.
Despite his lack of an acadie degree, he
taught at Cambridge University, the Royal
Institution, University of California Berkley and
University College London. Renouncing his
British citizenship, he became an Indian citizen
in 1961 and worked at the Indian Statistical
Institute untl his death in 1964.
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Preface

The literature overwhelmingly confirms that occupational exposure to antineoplastic drugs
(ADs) poses significdmealthrisks The genotoxic effects that may arise once ADs are absorbed
into the bodyare of paramount concerrRepeated lovconcentration exposure can have
severe health consequences over timnile high doseare used therapeuticallyhe United
StatesCentresfor Disease Control and Prevention (CDC), through the National Institute for
Occupational Safety and Health (NIOSH), maintains of llsizardous drugs; in its 2024
iteration, this list includes 125 identified hazardous agents, most of which are antineoplastic
compounds. These are generally organic molecules, although some include platinum as a
heavy metal, and their genotoxic effedse indisputable. Several factors, such as the
physicochemical and pharmacokinetic characteristics of each AD and the specific selection and
guantity of ADs handled in an oncology pharmacy, can modulate the extent of these adverse
effects. Ultimately, theoccupationalhealth risk remains undeniabldyut contemporary
contamination levels and potential health impacts may still be underappreciakedty,the

full understandingf the longterm health effect®f exposure to ADsn oncology pharmacists

will only becomeapparentin the future

As a developing nation, South Africa suffers from critical shortages of healthcare professionals

in the public sector. In contrast, the private healthcare sectdnere most oncology
pharmacies operate has, over the past two decades, implemented a complpplg chain

that moves ADs from wholesalers to oncology pharmacists. This pathway did not emerge
without risks, and it circumvented the Pharmacy Act (53 of 1974) by effectively treating the
compounding of ADs as something other than a dispensing phasegently, the sealled

G2y O2f 238 LKINYIO&ed R2Sa y20 tS3rtte ljdz £ A

pharmacists in these facilities routinely handle needles, syringes, and parenteral ADs.

In many developed nations, oncology pharmacy has evolved over the past few decades into a
dedicated suldiscipline, supported by peeeviewed journals publishing staté-the-art

clinical and practicbased research. Regions such as North and South Ameoittinental
Europe, much of Asia, and Australasia now benefit from sgediakperts and academics

who develop and enforce oncology pharmacy guidelines and standards. In South Africa,

Vi



however, the situation particularly in the private sectoris more convoluted, and the
enforcement of local guidelines remains fragmented. Magte-playersA y G KS O2 dzy i |
private medical oncology sector include managed care agjanis (MCOSs), oncologists,

service providerdSP¥ and the South African Pharmacy Council (SAPC). These entities
collectively shape the practice of oncology pharmacy in South Africa, yet their

interrelationships are complex.

The South African Society of Oncology Pharmacists (SASOPh) estimates that there are
F LILINRPEAYI GStfé& mcn a2y 0O2ft238 LIKIFNYIOAS&EE Ay |
private sector. Notably, the SAPC does resegrartain speciaed pharmacistypes, such as
radiation pharmacists however, despite the larger number of oncolgharmacists they

remain unregulated. Under the PharmacyMwai53 of 1974The SAPC is mandated to oversee

the pharmacy profession and issue the Good Pharmacy Practice (GPP) guidelines, which set
forth minimum standards and requirements for registered pharmacies. Although the GPP
addresses oncology pharmacy, most oncology phaesaarrently fall outside its domain due

to the abovementioned circumvention, and are consequently not legally consitte izl
pharmacies. Nonetheless, compounding ADs resides within the pofydaarmacists, raising
guestions as to why no concrete action has been tdkeregulate the specialifydespite
extensive evidence tiealthrisks from exposureMatters are further complicated by the fact

that some oncology pharmacies do hold SAPC registration only as community or

institutional pharmacies since there is no dedicated oncology pharmacy designation.

It is worth acknowledging that MCOs have, to an extent, stepped in by establishing guidelines
and accreditation processes for unregistered private oncology pharmacies. During this study,
however,it became obvious thatertain pharmaciefave either declined to adopt these
guidelines or refused to implement them for reasons that remain undieauld appeathat

MCOs areinaware ofthis, ignorantabout it,or tolerant of this defiance.

On a personal note, this research holds great significance tasitteere are hundreds of
pharmacists across South Africa who routinely handle ADs, the extentiobf exposure
remains uncertain and, arguablynderestimated Individuals engaged in AD compounding
may thus be at risk of serious heakbBues To address these conceri®&;snust collaborate
constructively and explore innovative strategi@seduce exposure to ADsspecially those

entities capable of instigating legal or regulatory reforms.
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Abstract

Background

Occupational exposure to antineoplastic drugs (ADs) poses significant health risks, with
oncology pharmacy personnel in South Africa potentially experiehayingr and more
exposurethan their international counterparts due to insufficient regulatory frameworks and
poorcompliancewith guidelinesGiven the anticipated rise in cancer incidence irSafaran

Africa by 2030, addressing these occupational hakbecome increasingly critical. Current
South African guidelines exhibit notable inadequacies and contradietitimkey legislative
documents, and empirical evidence workplaceand biological contamination within local

oncology pharmacies remains absent.

The aim of this research was assess occupational exposure risks to ADs among oncology

pharmacy personnel in South Africa asubsequentlydevelop tailored risk control strategies

(TMRCS

The study objectives were:

1. To evaluatethe adherence of South African oncolqgyarmacy personnel to national

and international guidelines via observational surveys.

2. To dentify shortfalls througka comparative analysis of local guidelindse Good
Pharmacy Practice (GPRhd Independent Clinical Oncology Network (ICON)

guidelinesagainst international bechmarks.

3. To hvestigate demographic and occupational factors influenamgkplace and
biological contaminatignusing surface wipe sampling, biological monitoring (urine

analysis), and the semuantitative DeRmal Exposure Assessment Method (DREAM).

4. To cdvelop TMRCSbased on identified compliance shortcomings aAd

contaminationas measured in the participating oncology pharmacies



Methods

Oncology pharmacies were recruitéat participation in the studythrough the South African
Society of Oncology Pharmacists (SASféth)Marchto September 2023The pharmacies

originated from two service providers (SF)1 and SP3tudy methods included:

1 Observational crossectional surveys using a-#8m compliance checklist derived

from international guidelines.

1 Comparative document analysis evaluating GPP and ICON standards thgainst
LYGSNYIlGA2yLFf {20AStGeé 2F hyO2f23& tKINXYI
cytotoxics guidelinandi KS 9 dzZNR LISy {20ASieé& DNaaPtey O2f 2 3
(Quality Standard for the Oncology Pharmacy Seice$sl0 safety domains.

1 Surface wipe sampling for nine ADs pired postdecontamination, and urine sampling

to determine occupationaxposue to the same ADs

T Synthesis of findings into practical, evidebased interventionsusing a structured

performance table.

In thesestudies oncology pharmacy practicegere systematicallyevaluatedby converting
checklist scores to compliance percentages and comparing them against international
standards, while HPYMIS/MS quantified antineoplastic drug contamination from surface
wipes and urine. Descriptive and inferential statisticeluding regresion imputation, sests,
Wilcoxon tests, and Spearman correlatibassessed decontamination efficacy and exposure

risk associations.

Results

Recruitment proved challenging, resulting in the enrolment of only six pharmacies (three each
in Gauteng and Western Cape provinces). Six pharmacy personnel participated (mean age:
51.1 + 6.7 years; mean employment duration: 11.7 + 5.7 years; mean deipdddre: 6.0 £

1.8 hours). Observational surveys indicatdgbcklistcompliance variabilitpf 33.19%€79.3%

within the 10 domainsused in a previous studyvith notable deficiencies in engineering

controls and medical monitoring. Pharmaaiathin service provider 23P2) exhibited better

Xi



adherence, particularlgoncerningpersonal protective equipmenPPEand administrative

practices.

The acument analysis revealdthat there aresubstantial inadequacies withihe GPP
guidelines compared tdhe more comprehensive ICON, ISOPP, and QuaPos standards.
Workplacesampling confirmed widespread AD contamination, with higher contamination in
SH facilities Antineoplasticconcentrationspostdecontaminationshowed onlya modest
17.4% reduction. Biological monitoring detected cyclophosphamide and ifosphamide in urine

samples fronBR personnel, confirming occupational exposure.

Based on the findingsom the first three objectives, interventiobts reduce exposure to ADs
were identified Theseorioritised improvediecontaminatiorprotocols mandatory PPE usage,
and comprehensive staff training. Closgdtem transfer devices (CSTDs) were identified as

beneficial adjuncts rather than standalone measures.

Conclusion

The findings from thigesearchunderlinethe critical need for improved regulatory standards

and compliance enforcement within South African oncology pharmacies. Enhanced guidelines,
compulsory PPE protocols, regular training, and effective decontamination methods are
essential to mitigate occagional exposure. Facilities demonstrating higher complianite

best practiceprovide practical models for national improvement, informing policy advocacy

for robust occupational health safeguards and patient safety assurances.

Keywordsantineoplastic drugs, oncology pharmacy, occupational exposure, contamination,

best practice guidelines, biological monitoring, safety standards, South Africa
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List of abbreviationand acronyms

AD Antineoplastic drug

ASHP American Society of Heallystem Pharmacists
BSC Biological safety cabinet
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CPD Continuous professional development
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ECS Exposure Control Sweden
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HD Hazardous drug

GPP Good pharmacy practice

ISOPP International Society of Oncology Pharmacy Practitioners
ICON IndependentClinical Oncology Network

LFT Liver function test

LMIC Lower middleincome country

LOD Limit of detection

MCO Managed care organisation

NIOSH National Institute for Occupational Safety and Health
OEL Occupational exposure limit

OHSA Occupational Health and Safety Act

PPE Personal protective equipment

QuaPos Quality Standard for Oncology Pharmacy Service
SAOC South African Oncology Consortium

SAPC South African Pharmacy Council

SASCRO SouthAfrican Society of Clinical and Radiation Oncology
SASMO South African Society of Medical Oncology

SDS Safety andlata sheet

SOP Standard operating procedure

SP Serviceprovider

TMRCS Tailormake risk control strategy

USP United State$*harmacopoeia
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Glossary

Antineoplastic drugA schedule 4 (chemotherapeutic) substaticat slows or terminatethe
proliferation of neoplastic cells (cancer celklso known asytostatics,chemotherapy,

chemo,antiblastic oantineoplastic medications.

Containmeniprimary engineering controR vertical airflow, HEPA filtration biological safety
cabinetthat ensuesthe microbiological inertness of a parenteral preparation and protection

of the operator from antneoplastic drugs.

PeT | OG 2 Q :LdkestdddsitmOrd that is not registered in terms of the Pharmacy Act (53
of 1974) where the reconstitution/compounding/aduxture of antineoplastic drugs occur,
dza dz £ £ @ & A (dzl G S Rsdkyiowh as BrcOldggohan@acy LINI OiG A OS

Dispensing phaséfhe minimumrequirements as set out by the South African Pharmacy
Counci(SAPCIpr the dispensing of medicine of scheduled substances on the prescription of

an authorised prescriber in a registered pharmacy.

Managed care organisation A provider network of doctors, other related healthcare
professionals and facilities to which oncology services are rendmsredsing standard

treatment protocolsvith an emphasis on effective care.

Oncologypharmacy A broad term used to describe a pharmgtyat may, or may not be
registered as a pharmacy in terms of the Pharmacytiait)s to a large extentconcerned

with the compoundingpreparation and mixing g@arenteralantineoplastic medications.

Parenteral administratioihe administration of edications by a nooral route (usually by
injection) into a vein, muscle, sgbitaneous or a cavity like the cerebsginal or peritoneal

cavity.

PharmacistA person registeredavith the South African Pharmacy Council to perform certain

duties under terms of the Pharmacy Act (53 of 1974).

Pharmacyelated personnel A group of persons who are directly in contact with
antineoplastic drugs but are not necessarily legal persons in terms of the Pharmacy Act (53 of

1974). Persons include Receiving stédfks andtleaners.

Xiv



Preparation or compounding of ameoplastic drugsThe reconstitution and/or dilution of
antineoplastic drugs in a suitable container for patient administration, in normal saline or

glucose 5% bagsr in a syringe.

Registereghharmacy Apharmacy premises that is registeiaderms ofthe Pharmacy A¢b3
of 1974) Registration icompulsoryfor the lawful practice of pharmacy and the dispensing of
medicines with relevant regulations regarding the storage, handling, and dispensing of

medicines.

Serviceprovider. Abusiness entity owning oncology pharmacies in a giioaisresponsible
for the employment of subordinate pharmawjated staff and the provision of un

reconstituted antineoplastic drugs to thmedical oncologfacility.

Tdlor-made risk control stratgg TMRCS: A strategy ta@ustomserisk management practices

to fit the specific needs, context, and characteristics of an ajson or project
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CHAPTER 1: INTRODUCTION

Antineoplastic drugs (ADs) have played a pivotal role in the treatment of cancer since their
initial development in the mi@0th century. Early research orustard gas analoguéssed in

the Second World \af) led to the first cytotoxic chemotherapy agents, which targeted rapidly
dividing cells. Over subsequent decades, advancements in molecular biology facilitated the
emergence of novel ADs, including targeted therapies and immunotherapies, significantly
improving clinical outcomes. These developments spurred the growth of oncology pharmacy
as a speciakd field, encompassing not only the compounding and dispensing of hazardous
agents but also the establishmteof rigorous safety protocols to protect both patients and

pharmacy personnel.

Despite the existence of international guidelneasich as those from the International Society

of Oncology Pharmacy Practitioners (ISOPP) and the European Society of Oncology Pharmacy
(ESOR) the implementation of best practices varies globally. In SoutitaAfoncology
pharmacy has evolved in a complex private sector environment that often operates under
outdated or incomplete local regulations. The sections that follow outline the South African
oncology pharmacy environment, discuss the primary phari@@cyand societies, describe

the roles of managed care organisations, and review the Occupational Health and Safety Act,

all of which shape the practice of oncology pharmacy in the country.

1.1. Oncology pharmacy in South Africa

The private oncology pharmacy sector in South Africa is chasadtéy a diverse array of
facilitieg ranging from small clinics to large hospltased units that provide chemotherapy

services to insured patients. Unlike many hAigiome countries, where oncology pharmacy is
welldefined and rigorously regulated, Southf NA O Qa LINA @I GS aSOoi2N
regulatory oversight. Currently, the South African Pharmacy Council (SAPC) does not offer
specialist registration for oncology pharmacists, @odd Pharmacy Practice (GPP) guidelines

devote only limited attention to antineoplastic drug handling.



Figure 1A Containmentprimary engineering control ffEC)otherwise known as a vertical
airflow HEPA filtration laminar flow tior biological safety cabinet (BSC) where antineoplastic

drugs are typically compounded

The local supply chain for ADs is multifaceted. Some oncology pharmacies are fully registered
GAOK (GKS {1t/ 3> 6KSNBlIA YlIye 2LISNRVSO2I AT ARG
practicesor infusion lounges not formally recoggil as pharmacy premises. In these
unregistered settings, antineoplastic drugs are often prepared by nursing staff, a practice at
odds with international best practice guidelines. The resulting variability in training and
infrastructure can increase the kisf occupational exposeito ADs for personnel, especially

when engineering control§igure 1pr continuous medical surveillance are lacking.

1.2. Pharmacyservice providerand societies

Severalservice providers (SPs) and sociesbape oncology pharmigs in South Africa.
PharmacySPsfacilitate the procurement and distribution of antineoplastic agents, often
navigating complex contractual arrangements with private healthcare providleesSPs
typically supply weompounded ADs to oncology facilities, where final preparation

(reconstitution and compounding) occiFsgure 2).
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Figure 2 Antineoplastidrugsupply chain

1 The dispensing pharmacy ¢seife) is a egistered pharmacy with SBRvhere unmixed ADs
are dispensed

2¢ KS-aWay Q 2y 02 {nd Bguired régistht with&he SAPC, where the ADs are
mixed for patients

Professional societies also influence standards and practices. The South African Society of
Oncology Pharmacists (SASOPh) is a voluntary satamithat provides a platform for
education, networking, and advocacy, though membership remains limited. SASOPhO
encourages adherence to international guidelindsdzOK | & L{htt Qa w{l ¥
/| @8G202EA04Q YR 9{htQa Wvdz tAde {ilyiRhkeNR F2N
absence of robust local regulations. Other pharmacy associations, including those representing
hospital or community pharmacists, may address oncelelgyed topics but generally do not

offer speciabed training in antineoplastic handling.



1.3. Managed care organisations

Managed care organisations (MCOs) play a pivotal role in stasigigraincology care within

the private sector. Two major entitieshe Independent Clinical Oncology Network (ICON) and
the South African Oncology Consortium (SA®@Egrsee clinical protocols, reimbursement
structures, and quality assurance for oncology eesvi Both require affiliated oncology
practices to adhere to their guidelines for treatment regimens, documentation, and facility
accreditation.Independent Clinical Oncology Network (ICPMNlishes a set of guidelines
aimed at chemotherapy administration, focusing on reducing medication errors, ensuring the
safe handling of ADs, and promoting eef§ective practices. Although these guidelines
reference essential pharmacy functions (e.ximg, labelling, and transport of ADs), they often
frame the compounding role as a nursing responsibility. The lack of explicit, detailed pharmacy
specific requirements leaves gaps in practice oversight, especially conocsorkgace
monitoring and conhuous staff educationThe South African Oncology Consortium (SAOC)
similarly accredits oncology units and standsedi treatment protocols. However, its
guidelines for AD handling are not publicly available, and there is limited transparency
regarding the specific requirements for pharmacy operations. This can perpetuate
inconsistencies in how ADs are prepared and hogugational risks are managed across
different facilities. Given that MCOs essentially control access to private health funding, their
guidelines and accreditation standards have a substantial impact on oncology pharmacy
practice. Nonetheless, neither ICONpossiblySAOQqguidelines are unavailablelrrently
provides comprehensive oncology pharmacy regulations that match the level of detail found

in international standards (ISOPP or QuaPos).

1.4. The Occupational Health and Safety Act

{2dziK ! TNAOI Qa hOOdzLJ GA2y Il f 1 SIfEGK FyR {I FSi
ensure the welbeing of workergxposed to potentially hazardous substances. This legislation
places responsibility on employers to conduct risk assessments, implement control measures,
and provide training to mitigate occupational hazards. In principle, the Act covers individuals
handlng antineoplastic drugs. However, effective enforcement of its provisions within

oncology pharmacies has been uneven.



The Act requires measures such as engineering controls (e.g. biological safety cahits
PEG, administrative controls (e.g. standard operating procedures, training, job rotation), and
personal protective equipment (PPE) to be in place where workers handle hazardous
substances. While some large oncology centres invest indft#te-art facilites to comply

with these legal requirements, smaller or unregistered facilities often lack robust engineering
controls and formal safety protocols. Consequerithe level of compliance varies widely,

raising concerns about staff exposure and potential health risks.

1.5. Problem statement

It is probable that within the profession of pharmacy in South Africa, no other group of
personnel facea greater occupationaiskthan those exposed tADs since &posure to ADs

could lead to serious health effects. The South African guidelines related to pharmacy oncology
practices(like the GPHack detail compared to those in Europe, America and Asia. The local
antineoplastic supply chain is complex, and the risks in South African oncology pharmacies

have not been welllescribed or established.

1.6. Justification

Numerous persons are involved in the supply chain of antineoplastic drugs. Consideration
needs to be given to questionable, inadequate and outdated local guidelines and risk control
strategies. This study identified potential risks in pharmagipsoposerisk control strategies

to reduce occupational health risks of pharmesigted personnel, in consultation with
pharmacySR. The findings of the study can be used to reform policies, guidelines and
monitoring of regulations relatet the handling of ADsand to create awareness amongst
pharmacyrelated personnel to the extent of occupational health risks reletekposure to

ADsBroadly, the study could promote the advancement of oncology pharmacy in South Africa.



1.7. Study ailsand objectives

Aim

To reduce the risk of exposure of pharmacy personnel by identifying alterndaveyping

risk control strategies and promotitige advancement of oncology pharmacy in South Africa.

Objectives

1 To describe adherence of SA oncolpggrmacy facilities and procedures in gheply
chain to international and national guidelines.

1 To conduct a literature review comparing international to national guidelines and acts to
identify shortfalls.

1 To identify demographic and wer&lated factors associated with urine amdrkplace
antineoplastic drug concentratioys.g.age, sex, job description, pharmacy locatzn
work practicep

1 To develop tailemaderiskexposurecontrol strategiesTMRCH

Table 1. Summary of objectystudy population, methogdand outcome

Objective  Adherence to Appraisal of Potential for Recommendations for
guidelines guidelines exposure to ADs exposure control
Population SP1/SP2 ISOPP, QuaPos, - -
Pharmacies (n=6) GPP, ICON
Methods  Observational Review Field study, Identification of
study: work measurement intervention options,
practices, scoring o campaign compilation of performance
adherence table interventions
Outcome  Potential skin Ranking Surface Tailormade
exposureranking  guidelines, contamination of recommendations
according to completeness and ADs, biological
adherence adequacy contamination with
ADs

AD: Antineoplastic drug, GPP: Good Pharmacy Practice, ICON: Independent Clinical Oncology Network, ISOPP: International
Society of Oncology Pharmacy Practitiori&s,Serviqeovider



1.8. (Gonceptual framework

The conceptual framewolEigure3d) for this thesis was developed through iategration of

the study's objectives, methodologies, and anticipated outcomes, guided by existing
international standards and local contexts. Initially, an extensive literature review provided
insight into international oncology pharmacy practices, lggtifig best practice guidelines
(ISOPP, QuaPos), against which South AffiedalineGPP, ICON) were critically appraised.
Subsequently, observational data pinpointed gaps in guideline adherence within tmtadjgn
pharmacies Empirical evidence gathered througlorkplaceand biologicacontamination
assessmentssurface contamination measurements, biological monitoring via urine analysis,
andthe DeRmal Exposure Assessment Me(llRIEAM) established baseline contamination
levels and potential occupational risks. Finally, these findings informed the formulation of

tailor-made risk control strategies (TMRCS).

1C
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Figure3. Conceptual framework

GPP: Good Pharmacy Practice, DREAM: Dexpasure assessment method, ICON: Independent Clinical Oncology Network, ISOPP: International Society of Oncologcti@reracy Pr
QuaPos: Quality Standard for the Oncology Pharmacy Service, TMR@8adaitmk control strategy
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CHAPTER 2: LITERATURE REVIEW

2.1. Background

Significant occupational health risks for personnel involved in the preparation and handling of
antineoplastic drugs (APphave been well demonstrated, and numerous studies describing
workplace contamination of antineoplastic drugs have been publisiédhtineoplastic drugs
6rtaz2 OFrttSR Oeid2aiGlriA0 2N Oei2i02EAO RNMZAA&Z
the fight against cancer and some rheumatoid conditions, and today there are hundreds of

antineoplastic drugs in clinical use!4

Except foa few, the vast majority gfDsin use today are classified by the Centre for Disease
/| 2YyONREQa o0/5/0 DbldidA2ylrf LyadAdGdziS F2NJ hOOdz
drugs (HB).*> HDs are defined as those being genotoxic, carcinogenic, teratogenic, exhibiting

reproductive and organ toxicity at low doses, or any combination of .these

The administration of antineoplastic drugs is usually via parenteral routes (intravenous,
intraperitoneal, subcutaneous or intrathecally) and the pharmaceutical formulation of
antineoplastic drugs is therefore mostly a solution or powder for reconstitamointhen,
injection'” Because of the pharmaceutical formulation, during preparation before
administration to a patient, workplace contamination arises mainly due to the occurrence of
droplets, aerosols and/or vapours which, in turn, are mostly absorbed dermally, but also orally
or via inhalation. In addition to this, it has been shown that vials containing antineoplastic drugs
are also contaminated on the outside of the vial, also placing personnel not involved in

preparation at higher risk8 1°

Antineoplastic drugs are severely myelosuppressive and thus, aseptic procedures, which
involve the use otontainment primanengineering control§GPECs)should be used by
qualified pharmacyelated personnel duringhe preparation of ADsto protect already
immunosuppressed patients from microbial contamination and also personnel from exposure

to ADs. 320

12



2.2. FRole of the oncology pharmacist and the burden of cancer

¢tKS NRfS 2F GKS 2y O02t23& LIKIFINXIFIOA&AG Aa AYyRAA
and safe work practices are parama&hi® However, in a survey conductedvmyn Grunigen

et al. (20225 wide variabilitandmajor gaps in safe work practices were identified in oncology
pharmacies in lowand middleincome (LMIC) countries, including a pharmacy in South
Africa?’ In this study, it is also demonstrated that uppaiddle-income countries performed

generally better than LMICSonsiderable variation in the content and scope of safe handling
guidelines and pharmacy practices was however also observed in a global study representing

24 mainly developed countries which included the United States, Canada, United Kingdom,

continentalEurope, Japan and Austraifa

It is anticipated that the incidence of cancer is set to surge by 70% by 2030Salsaran

Africa, which will, in turn, increase the need for oncology pharmacy services, and it is reported
that there will be a shortage of oncology pharmacsstertly?® 3° According to the South
African Society of Oncology Pharmacists (SASOPh), there are approximately 160 private
outpatient facilities in the private sector where ADs are administered. However, there are only
11 such facilities available in the public seckbese facilities need to be staffed by competent
oncology pharmacists however, there is currently no official training course for oncology
pharmacists in South Afriéa The eveirincreasing need for an oncology pharmacist is
confirmed in a recent study in the United States which recommends the role of the oncology
pharmacist be more extensively incorporated into radikciplinary teams in the management

of cancer carg®

In a recent local study by Khanakt(2022), fourthyear pharmacy students at the University

of the Witwatersrand, Johannesburg, were exposed to simutaased oncology admixing
training with favourable results obtained from a questionnaire about the simuladised
experiencé. This was the first time undergraduate pharmacy students were introduced to an
oncology pharmacy environment. In another local studitdstle (2015)t was found that

there is a definite role for the public sector oncology pharmacist exists in Souttf¥Afnoast

be emphasised that this study was only conducted at pharmacies in the public sector in South

Africa and findings at private sector pharmacies could be different.
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2.3. Occupational exposure to antineoplastic drugs

Occupational exposure to ADs in oncology pharmacies predominantly occurs during the
compounding phase, where ADs are most likely aerosolised, vaporised, or form dftysets.
significantly elevattconcentrations in the workplace environment, thereby increasing the risk
of direct and indirect contamination. Dermal contact is recognised as the primary route of
occupational exposure, driven by direct skin deposition and subsequent transfer from
contaninated surfacesDeterminantsof exposureand the exposure pathwagfer to factors

that influence the magnitude, frequency, duration, and route of contact between a chemical

and receptor (like the stratum corneum).

The conceptual model by Schneider et al. (2000) provides a robust framework to understand
the mechanisms involved in dermal expostiré® According to this model, exposure occurs

via a series of interconnected compartments and transport processes. These compartments
include the contaminant source (e.g. drug vials), the air compartment, surfaces, clothing layers,
and the skin contaminant lay itself. The movement of contaminants across these
compartments is governed by processes such as emission (e.g. splashisglzation),
deposition (from air to surfaces and skin), resuspension or evaporation, direct transfer (contact
between contamiated surfaces and skin), and penetration or permeation through barriers

like protective clothing and the skin's stratum corneum.

Schneider's model highlights that the risk from dermal exposure is directly related to the
concentration gradient of contaminants on the skin surface, driving absorption through the
stratum corneum into the body. The complexity of assessing dermal exposa®from the
variability in these transport processes, the physicochemical characteristics of the
contaminants, and the differing absorption rates through the skin. Consequently, traditional
sampling methods such as surface wipes and biological momtar must be interpreted

cautiously, acknowledging that they measure contamination rather than direct uptake.

The number of antineoplastic drugs and the number of pharmreated personnel
occupationally exposed to antineoplastic drugs are steadily increasing as more patients are

diagnosed with cancer every yéér

14



2.4. Workplaceand biological contamination ahtineoplastic drugin oncology
pharmacies

Falck et al(1979)were the first to demonstrate high levels of mutagenic substances in the
urine of nursing personnel involved in the preparatioAlDscompared to their norexposed
peers3436 Many studies have since been published describiveg adverse effects of
occupational exposure of pharmamfated personnel exposed to antineoplastic dréif8
Chromosomal aberrations, sister chromatid exchanges and other genetic abnormalities were
detected in subsequent studies involving not only nursing personnel but also phaetasey
personnel Adverse health effects range from minor to severe and include new tumours,
leukaemia congenital malformations of children born to exposed personnel, foetal loss,
infertility, ectopic pregnancies, low birth weight, skin rashes, and other effects on body tissues

with rapidly dividing cells (e.g. gastrointestinal tract, hair, #&iRS§°

Apart from this, studies demonstrating contamination w#bs in hospital pharmacy
environments are wekstablished and have been comprehensively discussked literature.

6088 The need for bignonitoring and surface wipe contamination monitorings heen
emphassed numerous times and is an ongoing matter in theobogy pharmacy fraternit§:

85, 89However, monitoring for ADs is expensive and has never been performed before in South
Africa.Recently, modern technologies like closgdtemtransferdevices(CSTDshich are
designed specifically to contain antineoplastic drugs during mixing and prepaletiean
demonstrated positive results, but this technology only previiaited protection as

contamination was still detected despite its 4%&

It is not possible to set an occupational exposure limit (OEL) fon@slogy pharmacy
environment because current OELs are based in an environment at a manufacturing plant
recorded in a SDS? °69% Exposure of antineoplastic drugs to personnel in the oncology

pharmacy must thus be kept as loweasonablyossibleALARAY

15



2.5. Development obncology pharmacgafety guidelines

Davis et al(2011) provide a concise, elegant overview of the development of oncology
pharmacy from 1985 tthe present and emphas the need for continuous occupational
monitoring and developmerif In 1986, theAmerican Society of Hospital Pharmacists (ASHP)
publishedii KS WDdzA RSt Ay Sa T2 Niorithe gréparatighDfAls.&Tddayl 2 EA O
there are numerous comprehensive international publications wgiildelinesaimed at
reducing the occupational risk emanating from exposureAlds and alsoimproving
pharmaceutical services in preparing antineoplastic driilgeseguidelinesinclude, but are
not limited ta

T L{htt W{I¥S KI (fiest pufishednB0o0Be 12 G2EA 04 Q

1 QuaPos 6 (Qualitystandardfor the oncology pharmacservice ¢ first publishedin
201001
USP Chapter 8G0updated 20142
The American Society of Clinical Oncology (A&@@lished 20113
The American Society of Hea#tystem Pharmacists (ASk{M)st publishedn 1986'%4
The NIOSH Aleg published 200%

= =/ =4 =4

Implementation of thesguidelineswhich include standard operating procedures (SOPs), the
implementation of techniques designed to contain antineoplastic drugs effectively, the use of
engineering controls, training of personnel and the wearing of personal protection equipment
(PPE) hasgiificantly reduced the level of exposlugtake and occupational health risko
pharmacyrelated personneto ADs However, the development @uidelinesis an ongoing
processand in addition to the mentioneduidelines there have been several publications
extrapolating on these guidelin&® % Many developed nations have drafted thgiridelines

based on these acceptexhd comprehensiventernationalguidelines and enforce them as
national law. However, despite the implementation of natiomplidelines antineoplastic

drugs are still detected in both the urine of healthcare workers and their work environttfents

Kennedy et al2023)make several recommendations in response tadpeompliant with the
latest National Association of Pharmacy Regulatory Authority (NAPRA) requiréfiEits
includes 1) the establishment of an institutional committee responsible for policies and

procedures, 2) continuing education and training, 3) updates on new recommendatithres
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use of PPE, 4) receiving, unpacking, storage and transport, 5) planning the oncology pharmacy,
6) AD preparation (compounding), 7) management of waste, 8) accidental exposure and spills,
9) cleaning and decontamination procedures and 10) medical surgeillardworkplace
monitoring. Publications bjtasty et al (2015)and Green et al.(2009) address similar
recommendatios.'%8 199n a survey biMathias et al(2019)of guidelinesand current practices

for safe handling of mainly developed countries, it was found that theasscensiderable
variation in the content and scope of safe handling guidelfiBsis is confirmed in a study by

von Grunigen et al.(2022) where safe handling practices were evaluated in LKICs
Considerable variation was foyrehd uppermiddleincome countries (including South Africa)

consistently performed better than leimcome countries.

Several studies recommend that women who could be pregaadtyho are actively trying

to conceive or breastfeeding should be excluded from all AD compou#fifg

Fazel et al(2022)evaluated barriers and facilitatofor safe handling'® The most common
barriers identified included 1) poor training, 2) poor workplace safety culture and 3)
inconsistent policies. Facilitators included 1) adequate safety training, 2) leadership support
and 3) consistent policies. In the study, it is recomradritiat healthcare employers mitigate
these barriers by implementing small but meaningful changes to the workjrlacstudy by
Simegn et al2023, it was found that AD handling at a university hospital in Ethiopia was poor

andthe desirable attitude of health stafbwardthe handling of ADs was lo\#

2.6. The Good Pharmacy Pract@®adeline

The South African Pharmacy CouiHPC) is the legal authority of the profession of pharmacy
and pharmacyelated personnel, and publishes guidelines detailing the reqguietlinesof
pharmacy practice in South Africa. The Good Pharmacy PracticE{Grélines published

in 2010 outline requirements specific to thempounding(Section 2.17.3f ADsin South
Africa However some of the statements in the GPP can be considered incoBection
HOMT ®o 6 0 SNNPR y&eqdaietmeansiof rhoiitSring oil rikelasiiringfiyagvertent
absorption have been devise@her guestionable recommendations are madike the

donning of plain latex glovewhich have been proven toffer inferior protection Some

17



statements on the preparation and mixing of antineoplastic drugs in the GPP guidelines are
non-specificandare not comparablen light of prevailing literaturdhe GPP guidelines do not
provide indepth specific training requirements and also do not detail the fadiisign,
engineering controls, work arrangements, personal protective equipment (PPE) and

occupational hygiene

It must however be borre in mind that the GPP is a general document discussing all aspects
of pharmacy practice in South Africa and is not specifically intendedtasdardfor AD
preparation exclusivelgection 2.17.3 of the GPP also stipulates that pharmadiese ADs

are compoundegdmust develop theipwn SOPs for the compounding of ADDBe application

of GPP in pharmacies in South Africa is limited to facilities es@chgistered as pharmacies

in terms of the Pharmacy Act (53 of 1974). Ehid significant relevance as the compounding

of ADds not necessarily performed in registered pharmaaesl thus GPP is not necessarily

enforced(Figure2).

2.7. Managed care organisatiguidelines

Ly GKS LINAGFGS aSOd2NE (KSguidelinesand Yudklises 2 (1 K S N.
NBEaz2d2NOS R20dzySyidQ FAYa G2 NBRdzOS G KSM12 00dzNN
The guideline offers a comprehensive overview of oncology practice in the private sector in
South Africa. It describes the role of the oncologist, oncology nurse and oncology pharmacist

and it elaborates on the competencies, necessary skills and training of these staff members.

The document discuss the compounding of ADswhich includes preparation of ADs,
recommended use of personal protective equipment (PPE), reconstitution, labelling, issuing,
transport of ADs and record keepinghe South African Oncology Consortif®AOL

guidelines are not publicly available and thus could not be assessed.
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2.8. Summary of literature reviewed

The reviewed literature highlights the significant occupational health risks posed by ADs,
primarily to pharmacyelated personnel during preparation and handlidgtineoplastic

drugs, classified as hazardous drugs by NIOSH, are genotoxic, carcinogenic, and teratogenic,
requiring stringent handling proceduredVorkplace contamination arises from AD
formulations, often as droplets, aerosols, or vapours. Studies demonstrate thaC&Jdéds

and robotic technologies cannocbmpletelyeliminate contamination. Oapational exposure

has been linked to severe health issues, including chromosomal abnormalities and cancers.
Monitoring such contamination remains expensive andhieasr beerimplemented in South

Africa. Globally, guidelines such as ISOPP, USP Chapter 800, anduiié€Esaim to
mitigate risks. However, their ingmentation varies, particularly ibMIC where safety
practices often fall short due to limited resources draining. InSouth Africa, theGPP
guidelines provide a framework but lack specificity and enforceability, particularly -in non
registered facilities. With cancer rates projected to surge, the role of oncology pharmacists is
critical, but the lack of formal training programmes and disparitn practice remain key
challenges. Continuous development of safgtydelinesand occupational monitorings i

imperative.
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CHAPTER 3: METHODS

3.1. Introduction

The methodology for each objective is summarised in Tallis includes objective 1, the
observational studyobjective 2, theritical appraisadf guidelinesobjective 3, the findings of
the workplace surface contamination anéxposure toADs, and thedevelopment of a

performancetableto evaluate the best suitable intervention for pharmacies.

3.2. Study design

Thisstudy primarily employed a cressctional design (for objectives 1 and 3) and invadved

critical appraisadf guidelinesThe study comprised both qualitative and quantitative methods.

3.3. Study sites

The study was conducted in six oncology pharmacies, three from edch twfo service
providers (SPs) in the private seciarSouth Africaf t Mpaémacies were in Pretoriand
{t HQ& LIkverddvQage N Gvalheparticipationof pharmacies in SRthree of the six)
wasdecided orby theSPwithout an explanation regarding the selectiéii.three pharmacies

from SP1participated

3.4. Study population

The selection of pharmagglated personnel was based on their function in the pharmacy
whichmustinclude the mixing, compounding or preparation of ADs. In each pharmacy, there
was one participant. There were no specific qualification crjtand participants could be
pharmacists or registered nursd3articipants were recruited from a list of 43 oncology

pharmacy personnel provided by the South African Society of Oncology Pharmacy Practitioners
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(SASOPhIespite 18 personnel agreeing to particip&@@gestrictions resulted in the inclusion

of only sixpharmacies

3.5. Datacollection

3.5.1. Observational study

This crossectional pilostudywas designed to evaluate the oncology pharmacy facilities. The
study evaluated six oncology pharmacy facilities operated bysR#m South Africa against
international best practice guideline& checklistvas developed based on ISOPP tial
QuaPos guidelines, encompassing seven assessment categories: engineering controls,
administrative controls, personal protective equipment (PPE), education and training, medical
andworkplacemonitoring, cleaning procedures and waste handling, and spills and accidents.
Each category contained & items rated as nenompliant (0), partially compliant (3), or fully
compliant (10)This is described in more detail in the firsthafseries of three papensritten

as part of this PhD

Data collection involved workplace observations, document reviews, and personnel interviews
conducted between March and September 2023. Compliaf@e adherence to
recommendationsyvas categorised as full (>75%), partiat&@30), or norcompliant (<50%).
Descriptive statistics were applied using Microsoft Excel to calculate caspgaorfic and

overall compliance scores.

3.5.2. Critical appraisaif guidelines

This study critically evaluated the effectiveness of South African oncology phguiciatnes
against international best practices. The @Ridelinesand ICON guidelines were compared

with the ISOPP and the QuaPRgpsidelines The assessment framework focused on ten
oncology pharmacy domainsansport of ADs, working arrangements, education and training,
engineering controls, PPE, risk management, medical monitoring, cleaning procedures, spill

and accident management, and documentation.

21



The review methodology involved a comprehensive analysis of the content and structure of
the guidelines This entailed identifying and mapping each domain across the guidelines to
evaluate their scope, specificity, and alignment with international benchmarks. Documents

were examined for clarity, consistency, and the presence of actionable protocols.

The selection of ISOPP and Quaguadelinesas benchmarks &re based on their global
recognition detailed guidelines specific to oncology pharnawy recognised by SASOPhe
analysis aimed to identify gaps, contradictions, and areas requiring enhancement within the
South Africamguidelinego align with international best practices. This critical appraisal sought
to provide a foundation for future revisions and the development of robust oncology pharmacy

practice guidelines.

3.5.3. Potential for dermal exposure

Antineoplastic drug contamination of nine surfaces was assessedwsaggas described by
Botha et al. (2024), the third in a series of papers published as part of thioP&&xh surface,
samples were collected at threeme points: before cleaning (pgecontamination),
AYYSRAFGSE @ FFGSN KS LIKI NY kd€dn@minaNd®)daindiay S Of S
the end of the workdagend-of-day).Surfaces included the surface inside thHREL, the floor
beneath the unit, and the adjacent surface (next to tHeECT) where reconstituted ADs are
placed after reconstitutionThe wipe samplemeasur@ the amountof cyclophosphamide
(CP)ifosfamide(IF) methotrexate(MTX) 5-fluorouracil (5FU), gemcitabin€GEM) paclitaxel
(PAC)docetaxe(DOC)doxorubicinDOXpand etoposiddETO)some of the most commonly
used antineoplasticsSurface wipesvere collectedfollowing thespecifications oExposure
Gontrol Sweden (EGSthe contracted laboratory for analysig) pre-packaged surface wipe
sample kitvasincluded and sent to thBetherlands accordinp ECS specificationSamples
were immediately frozenn a dedicated freezelhesurface wipe kits allow areas of 0.5 m
each to be recovered per sampling. Wipe sample collection eser@snarkedto sample the
same area every time to enable consistent sample collection. Surface wipe sesenaes
collected by the principal investigator. Any spills or accidsete recorded by pharmacy
personnel. The pharmacyas photographed for reference. A sketatas made of the

pharmacy floor layout. The analytical method used by the laboratory at Radboud University,
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Nijmegen, the Netherlandsis highpressure liquid chromatograptigndem mass

spectrometry (HPL-RISMS) using specialisedlumns

Urine samples are acceptedatricesto determine theamountof uptake and excretioof
antineoplastic drugsr their metabolites Urine samplesvere collectedby ECS specifications
and were tested for the same ADs described in the surface contamination andBGHEs.
provided pre-packaged urine sample collection kits collection. Each urine sample kit
contained 10 vacuum tubes, a measuring cupandnsfer device. Participants recorded the
volume of urine passed each timand a sample wasken byusingthe vacuum tubeand
transfer device where aftahe urine samplevasfrozen. Up to 1Qurine samples could be
collected over 24 hours by each participant. Samples srepped overnight on dry ice via a

courier company that complied with ECS requirements

The DeRmal Exposure Assessment Method (DREAM) was used to ¢xiteratal dermal
exposure This is a structured observational method consisting of an inventory and an
evaluation component. The inventory componeaiscompleted bythe researcherinvolhing

a hierarchically structured questionnaire/list of observation items designed to assess
determinants and routes of exposure. It is divided into six modules: company, department,
agent, job, task, and exposure. Each response within the questionnaloeaseal a specific
score. The results of the DREAM analysi® captured in a freely available Microséfxcel

based tool in the language, Visual Basic for Applicatiéris. the evaluation component of

the DREAM, these scomesre processed through a series of algorithms to generate indices of
potential exposure, i.e. tr@mount of contaminant landing on the outer layer of work clothing,
and actual exposure, i.e. the amount of contaminant reaching the exposed skin, and dermal
exposure in arbitrary units (AU) for nine different body parts and at the task Téwsl.
approach enables the detailed charadation of the agent, the probability and intensity of
potential exposure, and the assessment of hygiene practices, including the BB&Dpfthe

workplace.
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3.5.4. Tailormade risk control strategy

To develop a tailemade risk control strategy (TMRC®}eptial interventions were identified
from previous studiegnterventionsincluded trainingon safe work practiceshe use oAD
resistant PPE, improved surface decontamination procedures,i.e. an alternative
decontamination agertb replace the current 70% ethanahd the implementation of CSTDs.
Fourperformance criteria were identified, which included cost and effectiveness (which are
guantifiable) In contrast, thefeasibility of implementationand worker acceptancevere
scored using a Likert sca#nging froml(very low) to 10 (very highlhe cost was quantified
using data obtained from supplier quotatiomsd by calculating additional labour (if
applicable). This approach provided an estimate of the costsimplementing each
intervention. The effectivenesd the interventions irterms of the reduction of the potential
for dermal exposure values of the decontamination chemicals extiacted from the
reviewed literature using severalobservatios-weighted mean For papers where exact
percentagesof reduction were not availablethe effectiveness was estimated based on
descriptions such as "substantial improvement" statistical significanée ®easibility and
worker acceptance were evaluated usBBinput from a panel of seven participantgith
practical experience or knowledge of oncolpggrmacy practice§ he resultseither as mean

or medianand the minimum and maximumwgre compiled in a performandable.
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Table2. Overview of study design, population and datéection toolper objective

Obijective Study design Study population Method/data

collection tool(s)

1 ¢ Adherence to Crosssectionalobservationastudy Pharmacies, Checklist
guidelines pharmacy personnel

(participants)
2 ¢ Critical Literaturereview N/A Critical review
appraisal of
guidelines
3¢ Potential for  Field study workplace contamination Pharmacies, Urine andsurface

exposure to ADs biological monitoring and potential fo pharmacy personnel wipe sample DREAM

skin exposure (Crosectiond) (participants) estimates
4 - Tailormade Desktop review Pharmacies, Performancetable
risk control Pharmacy personnel
strategy andSR

AD: Antineoplastic drug, DREAM: Dermal exposure assessment,r8&th8drvice Provider

3.6. Dataanalysis

3.6.1. Observational study

Data from facility observations, document reviews, and interviews were analysed to assess
adherence to engineering controls, administrative controls, PPE usage, education, medical and
workplacemonitoring, cleaning and waste handling, and spills and accident managBrant.
analysis involved capturing responses from the seadegory checklist into Microsoft Excel.
Descriptive statistics were applied to calcukedeh facility's category and overall compliance
scoresEach category score was converted to a percentage, with compliance levels defined as:

full compliance (>75%), partial compliance (§D8%6), and noncompliance (<50%hich
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were set arbitrarily by expert opinion for evaluation purpobéesan compliance scores were

calculated for each category and compared between the two service providers.

3.6.2. Critical appraisaif guidelines

The data analysis involved critically evaluating South African oncology phauitstines

(GPP and ICON) against international benchmarks (ISOPP and QuaPos) across 10 domains,
including risk management, personal protective equipment, and medical monitoring. The
analysis identified gaps, inconsistencies, and outdated practices igumtdines highlighting

the need for updates to enhance safety and compliance with international best practices.

3.6.3. Potential fordermalexposure

Surface contamination data were analysed using the traffic light mo8eksink et al. (2023),
indicating contamination levels based on national reference values for ADs. Categories
included low (<0.1 ng/cm?), mediulow (0.X<1.0 ng/cm?), mediurhigh (1.@<10 ng/cm?),

YR KA 3IK &8besoriptiedskaiics cordbined pilecontamination and endf-day
concentrations, considering the latter as fiecontamination for the following day. Non

detect values were imputed using NDExpo, employing regression on order statistics (ROS).

The Wilcoxon signed rank test evaluated decontamination effectivenesBB8 @nddjacent

surfaced I YL S&3 GKAES {LISENXYIYQa NIyl O2NNBtIlGA
estimates, observational study scores, aheé number of 5-FU surfacesampleswith

02 y OS vy i Nhglcmz $tatisticaj mnalysis utilised JASP (v0.18.3), with a significance
threshold of p < 0.05.

3.6.4. Tailormaderiskcontrol strategies

Firstly, the effectivenessf the interventionsbased ondifferent outcomes, i.e. reduction of
surface contamination fodecontaminationprocedures and the use of T3 reduction of

dermal exposure draining andadherence tosafework practiceguidelines were adjusted
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according to theiinterventionpostion in the exposure pathwayhe estimated adjustment
factors were0.6, 0.8, 0.9 and 1, fosurface decontamination, PP&aining and CSTD,
respectivelyThe effectivenessasadjusted to the position of the intervention in the exposure
pathway (from source to receptor). For example, intervention at the source (directly reducing
splashes to the skin, and spills to surfaces) were not adjudteelever, decontamination of
surfaces (for example) as an intervention, was adjusted with a factor 0.6 based on expert
opinion as the effectiveness of exposure (due to reduction of surface contamination) was more
indirect. Next the results (or performance) ofall alternatives for the fourriteria were
normalisednto a 31 range to allow for comparisofinally, the weighted sum was calculated

for each intervention of the four criteria

3.7. Ethical considerations

The research protocol was submitted to the Human Research Ethics Committee for review.
Before commencing the study, written consent to conduct research at participating
pharmacies was obtained from the relev&Rsand personnel. All collected information was
treated with strict confidentiality, and data collection only began once ethical approval had
been grantd. The research was approved unconditionally on 29 March @6&#ificate no

M190312.

Urine and surface wipe samples were collected exclusively after aatlmri had been

received from the appropriat&Ps Although there were no legally binding Occupational
Exposure Limits (OELs) fADsin pharmacy settings, pharmaceutical companies that
manufactured the drugs under investigation published OELs in their respgafaty Data

Sheets (SDS). Any participant vigsted positivefor any antineoplastic drugvasadvisedto

consult a medical oncologigtyli KS 3IdzA RSt Ay Sa 2dzif AYSR Ay GKS

Photography of the pharmacy premises was undertaken only after written permission had

been obtained fronSPshead pharmacists, and/or other relevant parties
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CHAPTER 4: RESULTS

4.1. Introduction

For the fulfilment of this PhD study, four papers were drafted and prbaitdeverview of the

results obtained. The published papers can be foudgpendice-E

4.2. Deficiencies in oncology pharmacy safety practices

This was a pilot study that evaluatsampliance with international best practice guidelinés

six South African oncology pharmacy facilitising a sevenategory checklist®. Facilities
under SPlaverageda compliance score @0.2% (range: 33.1949.9%), while&SP2facilities
averageda scoreof 78.2% (range: &4%79.3%). In the engineering controls category,
compliance averaged 46.2% BHA and 61.0% folSP2 None of the facilities achieved full
compliance. All facilities had containment primary engineering contel§$&-PECswith
service records and external extraction fdng lacked pressure differentials and anterooms.
Personal protective equipmeocbmpliance was 21.7% 8P landlimitedto latex gloves, while
SPZacilities achieved 88.3%, utilising chemothergmde gloves, masks, and body coverings.
Education and training scores differed significantly, averaging 47.5% famd 85.7% fd8R2.
Service provided personnel lacked continuous professional development (CPD) participation
and training records, whilSR personnel had comprehensive training and professional
affiliations. Medical an@vorkplacemonitoring was a poorly performing category, WiR1
scoring 0% an8PZcoring 66.7%. Noharmaciegonducedworkplacemonitoring, while only

SR pharmaciesperformed medical monitoring. Cleaning and waste handling compliance
averaged 70.0% fo6Pland 90.0% forSP2 Service provider Zacilities consistently
demonstrated cleaning schedules and proper wastedling protocols. In the spills and
accident management category, scores averaged 40.0%SRdrand 86.0% forSP2

Documented procedures and corrective measures were lackBIfacilities.
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4.3. Misalignment between South African anternational oncology pharmacy
standards

The evaluation of South African oncology pharnmagelineshighlighted significant gaps
when compared to international benchmarfk8The GPRuidelines whichare outdated and
general, lacked oncologypecific guidance, particularly in risk management and the use .of PPE
Errors included the endorsement of inadequate PPE, such as surgical masks, and a statement
incorrectly claiming that no adequate AD monitoring methods exist. Thegi@@inesvere

found to be more comprehensive than the Gitidelinesand addressed all 10 oncology
pharmacy domains. However, they lacked the depth and detail provided by international
guidelinessuch adSOPP and QuaPos. The ICON guidelines included more information on the
transport and receipt of ADs, distinguishing between mixed and unmixed ADs, and
recommended robust transport containers. Internatiogaldelineslike ISOPP and QuaPos
provided detailed frameworks, including specific training content, engineering controls,
medical monitoring, and comprehensive cleaning and spill manageBwhtlocaguidelines
require updates to align with international best practices, including structtreading
programmes, risk management frameworks, and robust monitoring protocols. Updating these
guidelinesvould have improved the safety and effectiveness of oncology pharmacy practices

in South Africa.

4.4. Antineoplastic contamination and exposure risks in South African oncology
pharmacies

Surface contamination was assessed for nine ADs in six South African oncology pharmacies,
divided between two service providers (SP1 and.3P2)total of 36 wipe samples were
collected at the beginning and end of the workday across six pharmacies (six samples per site).
Each sample was analysed for the presence of ségrresulting in 252 pesible cdetectse.

Of these, 65.1% were positjviee. concentrationsof one or more A2xceeaed the level of
detection (LoD)Etoposideand DOXwere excluded fronthe statisticalanalysis5-FUwas the

most frequently detectedAD, followed byCR Cortamination levels were higher in SP1

pharmacies across all measured surfaces. The highest concentration observed was 83.9 ng/cm?

29



for 5-FU in an SP1 pharmacy. Surface contamination decreaseeragdy 17.4% following
decontamination procedures, although the reduction varied by drug and surfaceceS
provider 1pharmacies exhibited less effective decontamination than SP2, particularly for
floors. Some instances of increased contamination-glesining were attributed to cross
contamination or procedural inconsistencies. Urine analysis revealed detectable
concentations of ADs in two SP1 pharmacy staff members, with IF and &RedetNo ADs

were found in urine samples from SP2 personnel. This aligns with observational findings, which
reported inadequate PRAd itsuse in SP1 compared to better compliance in SP2. The DeRmal
Exposure Assessment Method (DREAM) estimated higher dermal exposure risks in SP1
pharmacies. Taskeighted potential exposure values for SP1 were nearly double those for
SP2. Observational compice scores were inversely correlated with DREAM exposure
estimates, underscoring the impact of suboptimal practaregxposure risk in SP3ervice
provider 1pharmacies showed higher surface contamination, less effective decontamination,
and greater occupational exposure to ADs compared to SP2 pharmaciese $rovider 2
pharmaciesdlemonstrated better adherence to safety protocols and PPE usage, which likely
contributed to their lower contamination levels and absence of biological uptake in staff. These

findings highlight the need for improved contamination control measures infaRharies.

4.5. Tailormade risk control strategies to mitigate antineoplastic drug exposure in
South African oncology pharmacies

Theconsolidatedesultsare summased in Tables. A 102 M sodium-dodecyisulphate(SDS)
or sodium lauryl sulphatd.S)isopropanol 80:2@nixture isthe strongestalternative closely
followed byCSTE PPE and trainingre ranked third and fourth

SDSlecontaminationcombires the high effectivenes®f surface decontaminatio(99.6%)

with excellentfeasibility foimplementdion and acceptance atlow cost.The presently widely
implemented decontamination with 70%thand, had limited effectiveness whereas
decontamination with sodium hypochlaifNaOCIl)though being effectivdaaslow feasibility

for implementation as it requires addition@moval of the NaOQGb protect devices from
corrosion. Closedsystem transfer devices, despite having no direct financial burden on

pharmacies, exhibitetigh effectiveness88.3%), indicatingheir place as @omplementary
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measure. Donning and doffing chemotheragyade PPE was statistically significant
effectiveness but carriedubstantial costsTheoretical and practical traininglthough the

most costeffective option, has demonstrated statistical significance in several studies,
especially in behaviours, highlighting the necessity for training to be integrated with other
interventions (such as donning awdffing of PPEjather than serving as a standalone

measure.

These findinganderlinethe tradeoffs between cost, feasibility, asdrface deontamination

CKS 2@0SNItf WILILINBOALFIGAZ2YQ 2F (GKS AYyUSNBSy (A
which interventions to implement. Since, in the present case, the overall appreciation does not
differ much, and the interventions are complementary to eaclemtthe recommendation

would be to consider implementing all four alternatives, excluding the MbEOGiation

option.

Table 3. Intervention performangetrix

PN .o A s . A ] . S| X 0. | O0S G 2 &
LydSNBSy 980088y lyydzr- £ CSFaAqg: ! OOSLJI ~?)\EIK

owl yR M0 oaqm n 0 a dzy
aAyY pod®cwnh 6aS aSRALYy aSRAlY NP0y
/{¢54 a2RSY yydl AFROSNE aAiyy aryyY
alEY mnn dwcnnzn al EY al EY
A x : aAyyY dpyd aSRAlY aSRALIY
glsﬁ)/z{“'”yazﬁzév dpodwmMTInM  aAyY aAyY ndonc
al EY dYcnd al EYQ al EY
A = o aAyYyY dn@d aSRAILY aSRALlY
{SST{OI?g[gILQYAyaZEZSY prdwnzyy o aryy aryy ndoyc
alEY dpyd al EY alEY |
[ lMOR2dzA G S . .
5802y il YAY UH N3 as aSRALY aSRALY
2 dwnXZppH aAyyY aAyyY b k!
T JE? 9uKI-y2QO§®¥Z al al EY al BEY |
CAStfRY 4
aAyyY dcnd aSRAlFYy aSRALlY
tto a2RSY dcrY9dwmMMH I aryy aryy ndonrt
al EY dcrTd al EY al EY |
aAyyY dmrTd aSRAl'y aSRALlY
¢CNI AYyAyYy3 a2RSY dogpdwnzZnnn aryy aryy noopp
al EY dpnd al EY al EYwm

CTSDslosedsystem transfer devicedlaOCI: sodium hypochlorite, PB#sonal protective equipmer8DS: sodiudodecyl

sulphate solution.
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CHAPTER DISCUSSION

5.1. Introduction

The increasing cancer burden in stdtharan Africa has heightened ttemand for oncology
pharmacy services; however, significant safety and regulatory gaps remain. South African
oncology pharmacies face particular challenges, including outdated guidelines, inconsistent
compliance, and insufficient monitoring of antineoptasirug (AD) contamination, exposing

pharmacy staff to occupational hazards.

Studies of six pharmacies revealed marked differences between SP1 areh&t&pvider
1 pharmacies consistently showed higher surface contamination with AD residues, persisting
despite decontamination efforts. Biological monitoring further indicated occupational

exposure in SP1 personnel, evidenced by the presence of drugs like CP #rairlErine.

Parallel investigations uncovered deficiencies in safe practice adherence, highlighting
inconsistent PPE usemdinadequate engineering controlélthough SP2 pharmacies showed
better compliance, both groups failed to meet international safety guidelines, ersipbdke

need for comprehensive improvements.

A critical appraisal of local guidelines found substantial inadequab®eSPP guidelines lack
specific oncologyocused recommendations, while the ICON guidelines, although more
robust, fall short compared to international standards like ISOPP and QuaPos. This

misalignment underlines the urgent need for updated, comprehensiudatons.

Integrated findings from multiple studies confirmed extensive AD contamination, particularly

in SP1 pharmacies. Residual contamination on floors and surfaces persisted after cleaning, and
statistical analysis confirmed significant decontamination gagwice provider personnel
demonstrated higher dermal exposure risks, with ADs detectable in urine samples,

underscoring the inadequacy of current preventative measures.

Consequently, targeted interventions for SP1 facilities, including improved PPE protocols,
enhanced decontamination methods, and consistent training, were recommended to

strengthen oncology pharmacy safety standards and safeguard pharmacy personnel.
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In this chapter, the key findings are addressed accordiegdbobjective which stems from
the four papers published for this Peidy. Additionally, recommendations like warated
procedures, policy reform, regulation and/or recognition of oncolgggrmaciesn South
Africa and mitigating strategies are proposed. The chaptecludesby underlining the

scholarly contribution of this Prddudy:.

5.2. Key findings

This PhD contributes significantly to the realm of oncology pharmacy in South Africa and
explores topics never investigated before which could make a substantial contribution to the
speciality and regulation of oncology pharmacy in South Africa. It daw&éy findings and

is organised according to objectives and papers published as follows:

5.2.1. Deficiencies in oncology pharmacy safety practices

1 Differentialcompliance bySP The study revealed a stark contrast between service
providers: facilities managed I8P2achieved compliance levels near 80%, whereas
those under SAL scored consistently below 50%. This suggests that larger or
corporately managed orgaations may have more robust systems to implement and
monitor best practices.

1 Inadequate engineering controls: Despite installing some basic measures (e.g.
extraction fans), none of the facilities reached full complianid engineering
controls. The absence of dedicated anterooms and nonconforming containment
devices underscoeepersistent infrastructural and financial constraints that hinder
adherence to internationgjuidelines

1 Variability in PP&se: The findings highlight that the use of PPE was not uniform across
FILOATtAOASEaDd { SNBAOS LINPOJARSNI mQa NBf Al yOSs
SPZ) aomprehensive provision of chemotheragyproved PPE, indicating a gap in

understanding or priorigation of occupational safety.
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5.2.2.

Challenges witladministrativecontrols andtraining: While administrative measures
such as centraed preparation were universally applied, only the facility that
implemented staff rotatioiSP2 achieved compliance. This points to a need for better
designed workflow processes and continuous professional development to support
safe practices.

Criticalgaps inmonitoring practices: Both groups scored very low in medical and
workplacemonitoring. This shortfall is concerning because it suggests that personnel
may not be adequately protected from the letggm health risks associated with
exposure to antineoplastic drugs.

Implications forregulatory andorgansational practice: The overall disparity in
compliance levels emphass the necessity for stricter regulation and standsitchn.

The study calls for national guidelines, improved training protocols, and enhanced
infrastructure investment especially for smaller orgaations to ensure a safer

working environment in oncology pharmacies.

Misalignment between South African and international oncology pharmacy
standards

Alignment withinternationalguidelines The ICONuidelinedor oncology pharmacy in
South Africaalthough falling shortalign with the ISOPP and QuaPos international
guidelines offering relatively comprehensive coverage across important safety and
practice domains. However, the GB#delines required by pharmacies registered
with the SAPC, fall significantly short of providing adequate protection and guidance

for oncology pharmacists.

Inadequacy ofocal guidelines The GPRjuidelinesare significantly outdated (last
revised in 2010) and contain inaccuracies, such as incorrect guidance on the use of
surgical masks (ineffective for AD protection) and the erroneous assertion that no

adequate methods exist for monitoring exposure to ADSs.

Gaps inadministrative andrisk managementguidance: Administrative controls and

detailed risk management protocols are insufficiently addressed in both local
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guidelines, particularly the GPRjuidelines Essential components such as clear
operational procedures, staff risk management, hazard identification, and risk control
strategies, which are extensively covered in internatign@elines are notably absent

or inadequately detailed locally.

Lack oBpecificengineeringcontrols: The locajuidelineqgespecially GPP) inadequately
describe necessary engineering controls, such as detailed cleanroom specifications,
airflow management, pressure differentials, and appropr@BRECguidelines all of

which are thoroughly articulated in ISOPP and QuaPos guidelines.

Limitedguidance on PPE: The GRRRdelinesporovide minimal and, at times, incorrect
PPE guidance, contrasting sharply with international best practices, which prescribe
precise requirements for Afsistant gloves, FFRPB8asks gowns, shoe covers, and
detailed use protocols. While IC@nidelinesoffer improved coverage compared to

GPP, they still lack the full specificity and clarity found in internagoragglines

Neglect ofmedical andvorkplacemonitoring: The GP§uidelinesncorrectly suggest

that adequate monitoring methods do not exist, reflecting outdated knowledge. In
contrast, international guidelines and ICON guidelines explicity recommend
comprehensive medical monitoring, baseline assessments, and routine examinations

to detect and mitigate exposure effects.

Insufficienttraining andeducationalguidelines Both local guidelines (GPP and ICON)
inadequately specify educational and training content, frequency, and evaluation
requirements. Internationajuidelinesdelineate robust training programs, including
theoretical knowledge, practical skills, certificationceetification processes, and

documentation requirements.

Documentation andncident managementshortcomings: The study highlights that
detailed protocols for documenting operational activities, spill incidevaskplace
monitoring, and employee exposure recarddearly defined in ISOPP and QuaPos

are inadequately addressed locally, posing risks to safe handling and regulatory

compliance.
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5.2.3.

Recommendations famprovement: There is a clear need for revising and updating
South Africanguidelines both ICON and especially the GPP guidalinesalign
comprehensively with internationally established best practices. Incorpor&thg
input, adopting clear operational SOPs, detailed risk management processes, precise
PPE and engineering control requirements, robust medical monitoring, and
comprehensive educational guidelines are critical steps towards safeguarding oncology

pharmacy pesonnel in Southfrica.

Antineoplastic contamination and exposure risks in South African oncology
pharmacies

Significant variability in contamination levels: The study identified substantial
disparities in antineoplastic drug (AD) contamination between two oncplagynacy

service providers (SP1 and SP2). Facilities associated with SP1 demonstrated
consistently higher levels of surface contamination compared to SP2 facilities,

indicating less effective control measures and compliance with safety protocols.

Prevalence ofpecific drug contaminants: 58U was the most frequently detected
contaminant across all sampled surfacegcld@phosphamide (CRINhd gemcitabine
(GEM) were also commonly found. Notably, contamination levels of these agents were
markedly higher at SP1 facilitiescept for GEMYaising concerns about occupational

exposure risks at these sites.

Limited effectiveness ofdecontamination procedures: Routine decontamination
procedures yielded inconsistent outcomes. While overall contamination decreased
post-cleaning (17.4% reduction), there remained notable contamination, particularly in
SP1 pharmacies, suggesting the cleaning methods {{8ibg@thanol and sterile gauze

for surfaces and soap, chlorine, and water for floors) were not entirely effective. The
detection of higher postlecontamination concentrations in certain instances implies

possiblessues such as contaminated cleaning equipment.

Occupationalexposure evidenced bybiological monitoring: Biological monitoring

indicated clear occupational uptake of ADs among pharmacy personnel, as evidenced
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5.2.4.

by detectable levels @PandIFin urine samples from two SP1 employees. This finding
underscores significant exposure risks related to inadequate PPE usage and compliance

issues at SP1 pharmacies.

Discrepancies in PRéherence: Observational findings from a linked study highlighted
substantial variations in PRfidelinesand safety compliance.efvice provider 1
pharmacies employed suboptimal PPE (e.g. standard latex glovedisposable
gowns, and surgical masks), while SP2 pharmacies adhered more closely to
international PPE recommendations (e.g. chemotheragd gowns, FFP3
respirators), correlating wittower surface contamination and absence of biological

uptake in SP2 employees.

Damal Exposure Assessment Method (DREAMYiskdstimates: Application of the
DREAM exposure estimation method revealed significantly higher potential and actual
dermal exposure risks at SP1 facilities. These estimates correlated negatively with
observational compliance scores, highlighting that lowehesghce to safety

guidelines at SP1 pharmacies likely contributed to increased dermal exposure risks.

Implications andecommendations fopractice: The study indicates the necessity for
urgent improvements in SP1 pharmacy practices, specifically regarding contamination
control measures and PPE compliance. SP2 pharmacies, exhibiting lower
contamination and no detectable biological uptake, dqaltentially serve as practical

models for enhancing oncology pharmacy safety practices within South Africa.

Tailor-maderisk control strategies to mitigate antineoplastic drug exposure in
South African oncology pharmacies

Interventioneffectiveneswaried bytype: CSTDs showed high theoretical effectiveness
(weighted average 88.3%) in reducing surface contamination.-b&ie8
decontaminants and chemotheragyade PPE also demonstrated strong effectiveness
in reducing dermal exposure risks. In contrast, training alone had lower standalone

effectiveness but wagcognsed as essential when integrated with other measures.
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The siperior performance of SDRased decontamination: SDS decontamination
agents achieved markedly higher effectivenesg€982% in laboratory conditions)
compared to commonly used methods like 70% ethanol, which only reduced
contamination by approximately 17.4% in reakld settings. Thisuggests that
transitioning to SDBased cleaning solutions would significantly enhance safety

practices.

Costimplications andeasibility: Although CSTDs had no direct cost to pharmacies,
medical aid absorbed substantial indirect costs.-I%38d decontamination was
notably costeffective compared to alternative methods (NaOCI), and its
implementation had high stakeholder feasipiand acceptance ratings. PPE had the
highest direct pharmacy cost but was strongly supported by stakeholders due to its

proven effectiveness.

Importance ofcomprehensiveraining: Training was identified as the least effective
standalone intervention, achieving modest improvements in knowledge and
behavioural outcomes. However, training significantly amplified the effectiveness of
other interventions, reinforcing the impamce of its integration into a holistic

exposure reduction strategy.

Stakeholderperceptions andimplementation challenges: Stakeholder assessments
revealed variability irthe perceived feasibility and acceptance of interventions,

particularly CSTDs.

Integrated risk management approach recommended: A multifaceted strategy
combiningchemotherapygrade PPE, Sth8sed decontamination, structured training
programmes, and selective use of CSTDs is strongly recommended. No single
intervention emerged as universally effective, emmnagithe need for tailored,

comprehensive risk management strategies adapted to local operational contexts.

Realworld implementation concerns: The effectiveness observed in controlled or
laboratory conditions differed considerably from reairld application, emphasing
the necessity of regular monitoring and adherence evaluations to maintain

effectiveness.
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5.3. Strengths and limitations

The four studies comprehensively assesmcology pharmacy practices in South Africa,
combining diverse methodologies to address contamination risks, workplace safety, and

regulatory frameworks.

Thestudy's biggest strength lies in the consistency of the methodology applieel\tarious

parts of this PhD studyThe observational study employed a systematic checklist based on
international guidelinesllowing for a detailed evaluation of adherence and compliance across
multiple categories, includirengineering controls, PPE, and medical monitoring. Additionally,
the critical appraisal of locguidelinesoffered a valuable comparison with international
benchmarks, highlighting specific areas requiring improverext, the results of theurface
contamination assessment and thelogical monitoring in the same pharmacies could be
associatedwith the compliance scores of the observational stuidygether, these studies
provide a holistic perspective on occupational exposure to ADs and gaps in oncology pharmacy

practices.

However, the stuglalsohas limitationsas itfocused primarily on privatgeector pharmacies,
leaving publiesector practices unexploredhn addition, the sample size wagery small, with

only six pharmacies and a limited number of personnel participating, which may restrict the
generalgability of the findingd-doweverthe sample was taken from two outtbe fourprivate

SPsn the SA private oncology pharmacy sector, wimaits a selection biaghe observational
study reliedpartly on selfreported data and direct observations, which could introduce bias
or variability depending on the evaluator. While the critical appraisal effectively highlighted
gaps in local guidelines, it did not evaluate the practical feasibility of implementin
internationalguidelinesin resourceconstrained settingsAnother limitation is that both the
surface contamination arttie DREAM estimatg@sovidean indication othe potential dermal
expasure, but skin exposure itself is not assesdéateover,the inhalation exposure route
was considered negligibleast, we were unable to access prescription books and/or invoices

to determine the quantities of ADs processedach pharmacy.

Despite these limitations, the studies collectively provide critical insights into South African
oncology pharmacy practices, serving as a foundation for developing targeted interventions to

improve safety, compliance, and regulatory alignment.
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5.4.

54.1

Recommendations

Policy recommendations

The research findings of this PstDdymay beutilised by authorities such as the SAPC or MCOs

to enhance the occupational health of pharmacy personnel exposed to ADs and prevent long

term harm that can be caused by these agents

T

54.2

Strengthen PPHsage: Mandatehe consistent use of appropriate PPE, including
gloves, gowns, and respiratory protection such as N95 or FFP3(wiaisksoffer more
protection than N95 maskdly MCOs and the SAPTaining on proper PPE usage
should be mandatory to prevent exposure dusighandling

Updatelocal guidelineby MCOs and the SAPC andise and expand the GPP and
ICONguidelinesto include detailed, oncologyharmacyspecific provisionand dign

these with international guidelines such as ISOPP and QuaPos to provide a robust
framework for safe AD handling

IncludeADsin the Hazardous Chemical Agent Regulations under the Department of

Employment and Labour.

Future researchrecommendations

Expandsample size and scop€uture studies should include a larger number of
oncology pharmacies across both the private and public sectors in South Africa to
improve the generalisability of findings. This should encompass rural and urban settings
to capture a comprehensive viewaicology pharmacy practices nationwide.
Longitudinaktudies on exposure and health outcom€snduct longitudinal research

to evaluate the longerm health effects of occupational exposure to ADs. Téteskes

should correlate contamination levels with specific health outcomes among pharmacy
personnel to strengthen evidence on exposure risks.

Assessthe practicality of internationabuidelines Research should focus on the

feasibility and coseffectiveness of implementing international oncology pharmacy
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5.4.3.

guidelineqe.g. ISOPP, QuaPos) in South Africa. This includes assessing resource needs
and adaptations required for local contexts.

Develop andest interventions Pilot and evaluate targeted interventions, such as
enhanced decontamination protocols, advanced engineering controls, and specialised
training programmes, to determine their effectiveness in reducing contamination and
exposurdn reatworld practice

Explorecontamination sourcednvestigate the specific sources and pathways of AD
contamination, including preparation, handling, and waste disposal processes, to
develop focused strategies for mitigation.

Interdisciplinaryesearch: Collaborate with occupational health specialists, engineers,
and policymakers to explore innovative technologies, such as automated AD handling
systems and advanced containment strategies, to enhance safety in oncology
pharmacies.

Incorporateeconomic analyses$-uture research should include cbsinefit analyses

of safety interventions and guideline implementations to provide actionable

recommendations for resource allocation in both private and public sectors.

Recommendations for practice

Expand training and educatiorDevelop formal oncology pharmacy training
programmes and continuous professional development courses to address gaps in
knowledge and skills

Improve infrastructure and engineering congrolnvest in engineering controls,
including properly maintained-RECs.

Adopt comprehensive monitoring practice: Implement routine workplace and
biological monitoring to identify and mitigate AD exposure risks. This should include
workplacesampling and periodic health assessments of pharmacy personnel

Enhance decontamination protocols: Establish standardised, evidased cleaning
protocols to reduce surface contamination, particularly on floors and adjacent surfaces,
where residues were found to persist despite current decontamination efforts gractic

Regular auditey MCOshould ensure compliance with these protocols
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CHAPTE®R SUMMARANDGCONCLUSION

The research presented in this thesis addresses a critical occupational health concern by
examining the exposure risks faced by oncology pharmacy personnel handling ADs within
South African oncology pharmacies. Through a +fadéted methodological approh,
including observational assessments, critical appraisal of guidelines, and empirical
contamination monitoring, this work has elucidated significant gaps between existing local
practices and internationally recognisepiidelines Consequently, it offers substantial
contributions to understanding occupational health risks and provides evitbased

strategies for mitigating these risks.

The observational study highlighted disparities in adherence to best practice guidelines across
different SPs Pharmacies associated with SP1 showed markedly lower compliance levels
compared to those affiliated with SP2, particularly in critical areas such as engineering controls,
use of personal protective equipment (PPE), medical surveillance, and adherence to
documented procedures for spills and accidents. This variability underscores a concerning
reality within the private oncology pharmacy sector, wherconsistent practices could
potentiate occupational hazard&igorous compliance with internationguidelinesand

regular audits should be mandatory to protect personnel effectively.

A critical comparative analysis of South African guidelines against interngtinshaines
further illuminated these deficiencies. The local guidelines, particularly the GPP, lack detailed
oncologyspecific recommendations and contain outdated or incorrect information. These
inadequacies significantly compromise the occupational safety frarkeweflecting a
fragmented regulatory landscape that demands urgent attention. Upgrading these guidelines
to align with robust international practices is necessagnhance pharmacy safegyidelines

comprehensively.

Empirical monitoring of surface and biological contamination further emphasised the extent
of occupational risk. Surface wipe tests conducted in participating pharmacies indicated
widespread contamination with antineoplastic drugs, notably higher in SHlitiela

Decontamination procedures currently employed showed limited efficacy, evidenced by the
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minimal reduction in contamination levels pa#taning. Biological monitoring provided
additional confirmation of occupational exposure, with detectable levels of cyclophosphamide
and ifosphamide found in urine samples from SP1 personnel. These finaigyscore an
alarming exposure scenario, reinforcing the critical need for enhanced decontamination

strategies and stringent adherence to protective measures.

The analysis of potential dermal exposure using the DeRmal Exposure Assessment Method
(DREAM) corroborated these findings, indicating significantly higher exposure potential among
SP1 personnel. The inverse correlation observed between compliance soomes fr
observational studies and DREAM exposure estimates accentuates the impact of inadequate
compliance on occupational safety. This provides compelling evidence advocating for
systematic changes in practices and processes to protect pharmacy staff frosurexpo

related health consequences.

Consequently, this thesis has proposed several targeted interventions, synthesised through
structured decisionmaking analyses. The most recommended intervention identified was the
adoption ofSDSs a decontamination agent, surpassing traditional ethbaséd solutions in
effectiveness. The implementation of CSTDs improved PPE usage, and comprehensive staff
training was also identified asa crucial strateg. While CSTDs demonstrate moderate
effectiveness, their role should be complementary rather thamdstione Personal protective
equipment although effective, incura considerable cost, necessitating balanced financial
considerations. Staff training, while essential, requires integration with other strategies to

achieve meaningful occupational risk reduction.

Thisthesis underscores the broader implications of inadequate safety protocols, which extend
beyond occupational health risks to potentially impact patient safety and healthcare quality.
Effective handling and preparation of ADs are critical to ensuringadéeclasing and avoiding
medication errors, thus safeguarding patient outcomes. The observed disparities in pharmacy
practices highlight a fundamental vulnerability within the healthcare delivery system that must
be urgently addressed through systemiprovements in pharmacy operations and regulatory

oversight.

This research also critically evaluated the role of MCOs, such as ICON and SAOC, in regulating

oncology pharmacy practices. Despite their significant influence in standardising oncology care

43



protocols, these organisations currently provide limited specific guidance on pharmacy
operations concerning AD handling. Enhancing transparency, detail, and enforceability within
MCO guidelines would significantly strengthen pharmacy pragtiaelines particularly
within the private healthcare sector. Collaboration between regulatory bodies, professional
societies, and MCOs is essential for harmonigjoglelines and ensuring consistent

implementation across oncology pharmacies.

Additionally, the research identified critical gaps in educational resources and ongoing
professional development opportunities for oncology pharmacy personnel. Unlike many
developed countries, South Africa currently lacks formal training programmes teddica
explicitly to oncology pharmacy practice. This absence of structured educational pathways
compromises the ability of pharmacy personnel to maintain and enhance competencies
necessary for safely handling hazardous drugs. The establishment of acardditatonal
programmes and continuous professional development initiatives, aligned with international
guidelines would significantly contribute to enhancing occupational safety and professional

expertise within the oncology pharmacy sector.

The thesis also recognises the potential for technological innovations to reduce occupational
exposure risks. Automation technologies, such as robotic compounding devices, represent
promising alternatives that have shown substantial efficacy in reducindsphace
contamination and occupational exposure internationally. Although initial implementation
costs may be substantial, these technologies offer-teng benefits, including improved
safety, increased operational efficiency, and enhanced accuracydinatien compounding.
Exploring the feasibility and practical implementation of these advanced technologies within
South African oncology pharmacies could be pivotal in advancing occupational health

protection.

Given the increasing prevalence of cancer diagnoses anticipated -Bakatan Africa,
addressing occupational exposure risks among oncology pharmacy personnel has become an
imperative public health issue. The findings of this research provide a robondafiom for
advocating necessary reforms in policy, regulation, and practice. Such reforms must prioritise
comprehensive updating of national guidelines, stringent enforcement of safety protocols,
enhanced educationgjuidelines and exploration of advandetechnological solutions to

mitigate exposure risks effectively.
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Finally, the study highlights substantial opportunities for future research. Expanding
monitoring programmes to include more pharmacies and longitudinal tracking of
contamination and biological uptake would enhance understanding of chronic exposure risks.
Investigating additional decontamination agents, PPE technologies, and automation solutions
such as robotic compounding devices could also present novel approaches to mitigating

occupational exposure.

In conclusionthe findings underscore the necessity for comprehensive action to address
occupational exposure to ADs in South Africa. Key recommendations include updating national
guidelines to align with internationajuidelines implementing mandatory training and
compliance protocols, enhancing monitoringmafrkplaceand biological contamination, and
adopting more effective decontamination methods. Such interventions are critical to
safeguarding the health of pharmacy personnel, thereby ensuring a sedepational

environment and improving overall healthcare service delivery in oncology pharmacy practice.
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AppendixB: A pilot study of South African oncology pharmacy facilities
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A pilot study of South African oncology pharmacy

facilities: Comparison with best practice guidelines
Ruan Botha, BPharm, MSc®*, Gill Nelson, PhD®®, Derk Brouwer, PhD?

Abstract

Introduction: Exposure to antineoplastic drugs can lead to adverse health effects such as fetal loss and DNA damage. Oncology |
pharmacy facilities should implement best pharmacy practice guidelines to protect pharmacy personnel. The objective of this study

| was to assess South African oncology pharmacy facility workplace and personnel work practices, guided by internationally accepted

| best practice guidelines.

| Methods: A cross-sectional pilot study was conducted in 6 oncology pharmacy facilities (one personnel member per facility) of 2
South African oncology pharmacy service providers. Using a simple checklist, comprising 7 assessment categories and 43 questions
derived from best practice guidelines, work and workplace practices were scored as compliant, partially compliant, or noncompliant.
Each facility and service provider were also given an overall score.

Results: Overall scores for the 6 facilities ranged from 33.1% to 79.3%. Service provider 2 pharmacy facilities (which were assessed
as being compliant overall) scored higher at 78.0% = 1.5 (76.4%-79.3%) than service provider 1 pharmacy facilities, which were
noncompliant overall at 40.2% * 21.5 (33.1%-49.9%). Categories in which performance was poor included the presence of
engineering controls, use of personal protective equipment, and medical monitoring.

Conclusion: The complexities of South African oncology pharmacy facilities highlight the need for stricter regulation. Despite

operating under the auspices of managed care organizations, some facilities’ work practices were poor. It is recommended that
| service providers implement intemational best practice guidelines.
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Keywords: oncology pharmacy, occupational survey/checklist, antineoplastic drugs

Introduction discuss best oncology pharmacy practices and serve as

Health risks for oncology pharmacy personnel have been  resources for oncology pharmacy personnel to develop their

1-3

described in numerous studies on workplace contamination.
Currently, there are hundreds of antineoplastic drugs (ADs) in
use, globally.* Most ADs are classified as hazardous drugs by the
US Centre for Disease Control’s (CDC) National Institute for
Occupational Safety and Health (NIOSH).® Adverse health
effects from exposure to ADs range from minor to severe and
include skin rashes, low birth weight, infertility, ectopic
pregnancies, tumors and leukemia, and reproductive effects, such
as fetal loss and congenital malformations.®

Published guidelines on best oncology pharmacy practices
include the International Society of Oncology Pharmacy
Practitioners (ISOPP) “Safe Handling of Cytotoxics,”” the
“Quality Standards for Oncology Pharmacies (QuaPos),”® the
United States Pharmacopoeia Chapter 800,” and the American
Society of Clinical Oncology (ASCO) “Chemotherapy admin-
istration safety standards.”'® These guidelines extensively

own guidelines.

Some managed care organizations in South Africa regulate
medical oncology facilities, including the South African Oncology
Consortium (SAOC) and the Independent Clinical Oncology
Network of South Africa (ICON). The ICON developed a
“chemotherapy administration standards and guidelines resource
document” guideline in a bid to provide oncology pharmacy
facilities with a pragmatic assessment approach, as described by
Eedes et al'’ who noted that South African oncology pharmacy
facilities did not provide input to survey.

The role of the oncology pharmacist is indispensable in today’s
clinical oncology environment,'*'? and safe work practices are
paramount. However, in a survey conducted by von Grunigen
et al,"* a wide variability and major gaps in safe work practices
were identified in oncology pharmacies in low- and middle-
income countries(LMICs), including a pharmacy in South Africa.
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The objective of this study was to assess South African
oncology pharmacy facility workplace and work practices,
guided by international best practice guidelines.

Methods

This was a cross-sectional pilot study. On request, the South
African Society of Oncology Pharmacy Practitioners (SASOPh)
provided a list of 43 oncology pharmacy personnel and their
contact details. All were invited to participate in the study through
email. A simple checklist (Annexure A) was developed from the
ISOPP7 and QuaPos® guidelines. The checklist was divided into 7
assessment categories including, engineering controls, adminis-
trative controls, use of personal protective equipment (PPE),
education and training, medical, and environmental monitoring,
cleaning procedures and waste handling, and spills and accidents.
Each category comprised several questions (4-8 per category, 43
in total). Each question was designed to obtain a rating:
noncompliant (rating = 0), partially compliant (rating = 3), or
fully compliant (rating = 10). Information was obtained from the
facilities by observing the workplace, perusing relevant docu-
ments, and interviewing personnel. The pilot study was con-
ducted from March to September 2023.

Data analysis

Data were captured into Microsoft Excel 2023 (Microsoft
Corporation, Redmond, WA) thercafter descriptive statistics
were used for analysis. The total score for each category was
converted into a percentage; and the mean score (percentage) was
then calculated for all 7 assessment categories. A score >75%
represented full compliance, partial compliance was assigned for
scores of 50%—-75%, and a score below 50% indicated non-
compliance. The individual assessment category and overall
scores were compared between service providers.

Ethics approval

Ethics clearance was obtained from the University of the
Witwatersrand’s Human Research Ethics Committee (HREC)
(clearance certificate no. M190312) on September 14, 2019.
Consent was obtained from all service providers and pharmacy
personnel before commencing the study.

Results

Of the 43 pharmacy personnel contacted, 23 did not respond
(53.5%), 2 refused (4.7%), and 18 (41.9%) expressed willingness
to participate in the pilot study. However, permission to
participate was required from 3 of the service providers. One
service provider refused to allow their oncology pharmacy
facilities to participate; 2 agreed. Consequently, only 6 pharmacy
personnel (one personnel member at each facility) participated in
the pilot study. Three facilities were in Gauteng province and 3 in
the Western Cape province of South Africa.

All 6 oncology pharmacy personnel who were interviewed
were female; S were pharmacists and one was a registered nurse
(Table 1). The mean age of the participants was 51.1 £ 6.7 years
(45-64 years). The mean duration of employment (experience) of
personnel was 11.7 = 5.7 years (4-20 years). The mean daily
exposure to ADs was 6.00 = 1.79 hours (4-8 hours).

Table 2 shows that service provider 1 facilities were “non-
compliant” for 5 of the 7 assessment categories and partially

éociodeﬁfographic profile of oncology pharmacy staff.

Characteristic n (%)
Sex

Male 0(0)

Female 6 (100)
Age (years)

45-54 3(60.0)

55-64 3 (60.0)
Experience (years)

0-5 1(16.7)

6-10 2(33.3)

11-15 1(16.7)

16-20 2(33.7)
Role

Pharmacist 5(83.3)

Registered Nurse 1(16.7)
Exposure (hours/day)

4-5 2(333)

67 2(333)

8 + 2 (333

compliant for 2, whereas service provider 2 facilities were fully or
partially compliant for all 7 categories. Based on the mean scores,
none of the service provider 1 facilities was compliant overall (with
scores of 33.0%—49.9%). All facilities affiliated with service provider
2 were fully compliant overall (with mean scores of 77.0%-79.3%).

None of the 6 facilities was fully compliant regarding
engineering controls, that is, all scores were <75% (Table 2).
Three of the 4 facilities that were partially compliant were
affiliated with service provider 2. Points were lost for not having
an “anteroom” next to the mixing room in the facilities and for
having containment primary engineering controls (C-PEC) that
did not comply with international guidelines. Nevertheless,
service records for the C-PEC were present in every facility, and
all were equipped with an external extraction fan (although none
had pressure differentials between the anteroom and the C-PEC
as recommended in the ISOPP and QuaPos guidelines).

Only the facility that implemented staff rotation (service
provider 2) was compliant regarding the implementation of
administrative controls. All facilities lost points for inappropriate
facility design. Although all used centralized preparation, none
was designed to optimally handle ADs (i.e., movement of ADs did
not follow the shortest route through the facility). In one facility
(service provider 1), the consumables, for example, syringes and
needles, were not appropriately placed to facilitate efficient use.

The scores for PPE compliance for the facilities affiliated with
service providers 1 and 2 differed by a factor of 4 (21.7% and
88.3%, respectively). Personnel at service provider 1 facilities
used disposable latex gloves but no other PPE. The 3 facilities
affiliated with service provider 2 were rated as fully compliant for
the use of PPE, which was specifically designed for use when
mixing and preparing ADs.

Personnel associated with service provider 2 were fully
compliant (85.7%) regarding education and training. A lower
score was obtained by service provider 1 personnel (47.1% *
25.1) as 2 of the 3 were noncompliant. One personnel member
from service provider 1 scored higher than the other 2, for
attending workshops/conferences and/or masterclasses, being
affiliated with a professional body, and having training records
available.

Of the 7 categories, all 6 facilities scored lowest for medical
and environmental monitoring. All 3 pharmacy facilities from
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Eaciiity scores per assessment category.

Assessment category Service provider 1 scores (%) Service provider 2 scores (%)

Facility 1 Facility 2 Facility 3 Mean = SD Facility 4 Facility 5 Facility 6 Mean = SD
Engineering controls 314 41.4 65.7 462 =176 65.7 65.7 515 610 =82
Administrative controls 52.0 66.0 52.0 56.7 = 8.1 52.0 66.0 86.9 68.3 = 17.6
PPE 217 217 217 217+ 00 88.3 88.3 88.3 88.3 + 0.0
Education and training 28.6 371 75.7 471 + 251 85.7 85.7 85.7 85.7 = 0.0
Medical and environmental monitoring 0.0 0.0 0.0 00=00 66.7 66.7 66.7 66.7 = 0.0
Cleaning procedures and waste handling 60.0 60.0 90.0 70.0 =173 90.0 90.0 90.0 90.0 = 0.0
Spills and accidents 38.0 38.0 44.0 400 £ 35 86.0 86.0 86.0 86.0 = 0.0
Overall score (%) 33.0 378 49.9 40,24 + 87 77.0 78.4 793 782*x12

service provider 1 facilities scored zero. All service provider 2
facilities conducted medical monitoring and were partially
compliant because environmental monitoring was not
conducted.

Four of the 6 facilities scored 90% for cleaning procedures and
waste handling (one from service provider 1 and 3 from service
provider 2). Two facilities from service provider 1 scored 60%
because they had no training records for cleaning procedures and
waste handling and no cleaning schedules or records of cleaning.
For waste handling, all 3 facilities affiliated with service provider
2 scored 86.0% in contrast with those affiliated with service
provider 1, which scored 38.0%-44.0% because no training
records or written procedures were available. One facility
affiliated with service provider 1 was able to provide documen-
tation of accidents; however, no corrective measures were
recorded.

Discussion
Response rate/participation

The initial response to the invitation to participate in the study
was relatively positive; only 2 of 43 oncology pharmacy
personnel contacted declined. This indicates a general interest
and willingness among oncology pharmacy personnel to contrib-
ute to research about their work practices. However, this positive
response was thwarted by the requirement for permission to
participate in the study from service providers, and limited the
number of pharmacies that ultimately participated. Service
provider 1 permitted all 3 of its pharmacies to participate in the
study while service provider 2 permitted participation by 3 of its
many oncology pharmacies, without indicating how they
selected them.

Demographic and work characteristics

The mean duration of employment was 11.7 years, indicating a
relatively experienced group of participants in oncology phar-
macy practices. All 6 pharmacy personnel interviewed were
female, and the majority were pharmacists; one was a registered
nurse. In South Africa, oncology pharmacy personnel are not
required to be registered pharmacists, although the majority of
AD mixing is performed by pharmacists.

Overall performance

The 3 facilities from service provider 1 performed inconsistently
and relatively poorly overall, while those from Service Provider 2
performed more consistently and achieved higher scores overall

for each of the 7 assessment categories. Service provider 1 did not
have all the recommended controls in place. DeJoy et al'® found
that the “recommended use of engineering controls and PPE were
variable” in a study among 1800 nurses who administered ADs in
the United States. Another survey of nurses and pharmacy
practitioners in the United States, published in 2015, revealed a
lack of universal adherence to recommended national safe
handling guidelines.*®

Engineering controls

The facilities did not perform as well as expected in this category
as engineering control measures recommended in international
guidelines can be expensive in LMICs. However, less expensive
but effective measures (such as extraction fans) were in place in all
the oncology pharmacy facilities.

Although no facility’s C-PEC complied with international best
practice, all facilities had a vertical flow class II C-PEC device
installed with a service schedule that complied with ISOPP and
QuaPos requirements. Each facility was equipped with an
external extraction fan, although pressure differentials were not
installed. The absence of anterooms, which are necessary for the
donning of PPE and preparation of vials and ampoules containing
ADs for mixing in the C-PEC, was probably due to the significant
capital investment required.

International and local guidelines specify that the C-PEC
should be in a separate room to avoid environmental contami-
nation. However, only 3 of the facilities conformed to this
recommendation. Unfortunately, the air-conditioning provided
was unable to reduce the heat generated by the C-PEC to a level
that was comfortable for the pharmacy personnel who were
mixing ADs. Unlike the installation of external extraction fans
and anterooms, it is easy and cost-cffective to isolate the C-PEC in
a separate room. Discomfort due to high temperatures could lead
to reduced concentration on the task at hand and an increased
risk of errors.

Administrative controls

There were mixed results regarding administrative controls.
Although all facilities used centralized preparation (where the
pharmacy is located within an oncology out-patient department),
some facilities were not ideal for handling ADs. In some facilities,
for example, ADs did not follow the shortest route through the
facility, increasing the risk of contamination. The facility with the
highest score for this assessment category had the advantage of
having 2 oncology pharmacy personnel employed. This allowed
for staff rotation and, consequently, a higher score.
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PPE

One service provider felt that the use of PPE was unnecessary,
while the other implemented and enforced PPE requirements. The
lack of use of PPE in the facilities of service provider 1 was
possibly due to poor understanding of good oncology pharmacy
practice. Some oncology pharmacy personnel renounced the use
of PPE, stating that the risk of exposure was of no concern to
them. Those who renounced the use of PPE were also unaware of
the requirements for PPE when mixing ADs. The only PPE that
service provider 1 supplied was latex gloves, which have been
proven to be inferior in the mixing of ADs when compared with
those approved for use in chemotherapy, such as EN374 gloves.”
In comparison, service provider 2 employed recommended
chemotherapy approved gloves (EN374 gloves), masks, over-
coats, and coverings.

Education and training

The difference between the 2 facilities in their scoring in the
“education and training” category was in line with findings in the
other categories in that service provider 2 facilities scored higher
than service provider 1 facilities, mainly because service provider
1 personnel did not attend continuous professional development
(CPD) courses. None of the facilities had comprehensive details
about training on record. Anecdotally, on-the-job training was
provided by experienced oncology pharmacists. Two participants
from service provider 1 were not affiliated with a professional or
other relevant body such as the South African Pharmacy Council
(SAPC) or the SASOPh (which provides training and education
through seminars and workshops). Although this is not a
requirement, affiliation with such organizations could potentially
improve work practices. The training provided by the SAPC (not
oncology pharmacy specific) and the SASOPh (oncology phar-
macy specific) is accredited for CPD purposes. In-house CPD-
accredited training is also provided by company representatives
employed in the pharmaceutical industry.

Medical and environmental monitoring

Medical and environmental monitoring in oncology pharmacies
is essential. Medical monitoring includes baseline blood tests
when employment commences and routinely thereafter as well as
liver function and other tests to screen for adverse health effects
for exposure to ADs, as recommended internationally. Only
service provider 2 did medical monitoring despite the relatively
low cost compared with environmental monitoring. The high cost
of environmental monitoring, which includes checking for AD
contamination of surfaces, may have been the reason that none of
the service providers adhered to this international requirement.

Waste management

Waste management companies remove medical waste from
facilities such as oncology pharmacies, including PPE. Although
all the facilities in this study had contracts with pharmaceutical
waste management companies, build-up of AD waste was
observed in all of them. Nevertheless, all facilities were fully
compliant in this category because they had the required cleaning/
disinfectant chemicals/materials, waste management and con-
tainers, cleaning procedures, and waste handling. The scores for
this category were thus the highest of all the categories. Training
on cleaning procedures and waste handling is paramount but no

such training was documented. This was in line with the
observations made regarding the education and training assess-
ment category.

Spills and accident management

Similarly, training on spills and accident management was not
documented in service provider 1 facilities. This is a concern
because spills increase exposure to ADs and therefore the risk of
adverse health effects.

Facilitators of safe handling of ADs

Robust policies (SOPs) and stakeholder knowledge of service
provider 2 led to better outcomes than the service provider 1
facilities. This is possibly due to service provider 2 being a
corporate service. provider with many oncology pharmacy
facilities, which may result in a more thorough scrutiny of
processes.

Barriers to safe handling of ADs

Service provider 1 did not have appropriate controls in place to
ensure the safe handling of ADs. Fazel et al, in a Canadian study,
found that organizational factors (such as poor training, safety
culture, and inconsistent policies) were substantial barriers to the
safe handling of ADs.* These and other factors contributed to the
overall poor performance of service provider 1. Service provider 1
is a small business (in contrast to service provider 2, which is a
multipharmacy business) and is therefore less likely to comply to
occupational health and safety requirements.'”

Study limitations

The study had several limitations. The sample size was very small
and the poor response rate, as a consequence of the facilities
needing permission from the service providers to participate,
potentially led to response bias, thereby reducing the validity of

the results. Facilities with good health and safety practices might-

have been more willing to participate in the study. These issues
raise questions about the representativeness of the participants
and the generalizability of the findings. Although, the facilities did
not allow direct observation of work practices, which could have
led reporting bias, it was possible to assess the implementation of
engineering and administrative controls, and the use of PPE. The
participating pharmacies were in large urban areas, where work
practices may be very different to those in smaller towns and rural
areas. Another limitation is that the checklist was not validated or
piloted. However, it was based on checklists previously used in
similar studies and experts were consulted to ensure that it
captured relevant issues pertinent to the study.

Recommendations

At the very least, all oncology pharmacists should be provided
with PPE to minimize exposure to ADs, including gloves
specifically designed to prevent dermal absorption, masks to
prevent exposure through inhalation, and body coverings such as
impermeable long-sleeved aprons and overshoes. Policies re-
garding the provision and use of PPE should be developed and
enforced. The use of PPE is at the bottom of the hierarchy of
controls for health and safety but is a cost-effective and affordable
control.'®
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One level up in the hierarchy of controls is administrative
controls, which include training. Oncology pharmacy personnel
must be encouraged to actively participate in continuous
professional development courses, workshops, and conferences
to stay updated on best practices to protect their health.
Guidelines for medical and environmental monitoring must be
implemented to ensure a proactive approach to health and safety.
As not all facilities are registered with the SAPC, Good Pharmacy
Practice (GPP) is not necessarily enforced. The registration of all
oncology facilities with the SAPC will improve practices to
safeguard pharmacy personal. Section 2.17.3 of the GPP,
concerning cytotoxic preparation. and reconstitution services,
should be reviewed and revised to specify the need for regulation
of oncology pharmacy. This section is consulted by organizations
like SAOC and ICON to develop guidelines and standard
operating procedures (SOPs).

Engineering controls are third in the hierarchy of controls. In
the case of oncology pharmacies, engineering controls such as
anterooms and cleanrooms (ventilation controls) are prohibi-
tively expensive in LMICs. However, the placement of the C-PEC
in a separate room is easy and cost-effective. All oncology
pharmacies should ensure that they are fitted with optimal
ventilation (e.g., effective air-conditioning) and extraction
systems that are regularly inspected and maintained by ventila-
tion experts. Records of checks and maintenance should be
appropriately filed.

Recommendations for further research

It is recommended that societies like the SASOPh, private
oncology service providers, and the SAPC should assist in
encouraging participation in future, larger studies on the health
and safety of oncology pharmacists and the facilities to improve
response rates. Future studies should be extended to other
provinces in the country and should include oncology facilities in
rural areas. Direct observations should be included in such
studies, to reduce information bias.

Conclusion

Some of the gaps identified in this pilot study included the lack of
training for oncology pharmacists the lack of best practice
guidelines and inadequate controls to minimise exposure. This
study highlights the need for stricter regulation of South African
oncology pharmacy facilities and the implementation of national
guidelines and standardization of workplaces and procedures.
The findings contribute to the discourse on the complexities of
South African oncology pharmacy facilities, shedding light on
organizational factors. Differences in performance between
service providers identified issues to be considered for the health
and safety of oncology pharmacy personnel, particularly
engineering controls and PPE usage. Although all the facilities
were, in theory, subject to scrutiny by South African managed
care organizations, work practices in some of the facilities were
found to be poor. The reason for this requires further

investigation. Work practices in South African oncology phar-
macies should be investigated to protect employees from adverse
health effects.
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Abstract

Introduction: The demand for oncology pharmacy services is set to increase as the burden of cancer rises in sub-
Saharan Africa. Oncology pharmacists may be exposed to antineoplastic drugs (ADs) and need comprehensive health
and safety guidelines. The objective of the study was to assess the effectiveness of the local oncology pharmacy practice
standards, by critically evaluating them against international best practice standards.

Methods: We compared the Independent Clinical Oncology Network (ICON) administration of ADs standards
resource document (ICON standards) and Good Pharmacy Practice (GPP) standards with the International Society of
Oncology Pharmacy Practitioners (ISOPP) Standards for the safe handling of cytotoxics, and the Quality standard for
the oncology pharmacy service (QuaPos), using 10 domains: transport of ADs, working arrangements, education and
training, engineering controls, use of personal protective equipment, risk management, medical monitoring of personnel,
cleaning procedures, accident management and documentation, labelling and checking procedures.

Results: The ICON standards align closely with international best practice standards, but the GPP standards focus only
briefly on the compounding of ADs.The GPP standards are outdated and some of the stipulations are erroneous.
Oncology pharmacists would do better to adhere to the more comprehensive ICON standards, although these standards
also need to be updated in line with best practice.

Conclusion: Revising and improving both these local standards in consultation with key role players in the oncology
pharmacy industry will go a long way in protecting the health and safety of oncology pharmacists in South Africa.

Keywords
Hazardous drugs, anti-neoplastic drugs, oncology pharmacy standards/guidelines, critical literature appraisal

Date received: 13 August 2024; revised: 20 September 2024; accepted: 23 September 2024

In 2022, von Grunigen, Geissbuhler* reported that
there were major gaps in the safe handling of AD drugs
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performed appreciably better than lower-income countries.
They used a free online tool (Cyto-SAT) to assess 134 items
grouped into 10 domains and 28 sub-domains in oncology
pharmacy. Considerable variation in the content and scope
of safe handling guidelines and pharmacy practices was
also observed in a study in which 24, mainly developed
countries, including the United States, Canada, United
Kingdom, continental Europe, Japan and Australia, partici-
pated.” Authors of a study from Ethiopia (another LMIC)
reported that, in their setting, only 37.6% of health profes-
sionals who handled ADs had good cytotoxic handling
practices.6 Fazel et al. (2022) reviewed studies of barriers
to the safe handling of cytotoxic drugs in Canada, which
included poor handling (46% of reviewed papers), poor
safety culture (41%) and inconsistent policies (36%),
while also showing that implementing certain facilitators
such as adequate safety training (41%), leadership support
(23%), and consistent policies (21%) can have a positive
impact on oncology pharmacy practice.”

In 2018, the Independent Clinical Oncology Network
(ICON) “Chemotherapy standards and guidelines” were
published, with a focus on safety, competency, and error
reduction. The document specifically mentioned the lack
of nationally recognised guidelines for AD administration
in South Africa.®

All pharmacies (community and institutional) in the
private sector in South Africa, in which ADs are prepared,
are affiliated with one of two managed care organisations,
viz. the Independent Clinical Oncology Network (ICON)
or the South African Oncology Consortium (SAOC).
Both organisations have guidelines to which the respective
oncology practices must adhere. While the ICON standard
on the compounding of ADs is available publicly, the
SAOC standard is not.

In addition to the ICON or SAOC standards, all pharma-
cies that are registered with the SAPC are legally obliged
to adhere to the Good Pharmacy Practice (GPP) standards
in terms of the South African Pharmacy Act No. 53
of 1974.° However, not all ICON- and SAOC-affiliated phar-
macies are registered with the SAPC. Those that are not
registered are not legally required to apply the GPP standards.

Although oncology pharmacy is not a recognised speci-
ality in South Africa, some individuals who have experi-
ence in mixing ADs belong to the South African Society
of Oncology Pharmacists (SASOPh). Membership is volun-
tary and only around 60 ‘oncology pharmacists’ in the
country belong to the society. The SASOPh recommends
the use of international best practice standards, which
include the International Society of Oncology Pharmacy
Practitioners (ISOPP) standards for the safe handling of
cytotoxics, and the Quality standard for the oncology phar-
macy service (QuaPos) published by the European Society
of Oncology Pharmacy (ESOP). According to the SASOPh,
there are approximately 160 private ‘oncology pharmacies’
in South Africa. The few that are registered with the SAPC

are registered either as institutional or community pharma-
cies as there is no option to register as an oncology phar-
macy. Most are not registered with the SAPC because the
compounding ADs is not seen as an act exclusively desig-
nated to a registered pharmacy and is thus not considered to
be one of the three steps in the process of dispensing medi-
cation. These unregistered oncology pharmacies are, none-
theless, considered to be ‘de-facto’ pharmacies as the
compounding of ADs takes place in these facilities even
though they are not registered with the SAPC.

The objective of this study was to assess the effective-
ness of the ICON and GPP standards in protecting the
health and safety of those handling ADs in private pharma-
cies in South Africa, by critically reviewing and evaluating
the two local standards against the international best prac-
tice ISOPP standards and the QuaPos standard.

Methods

The GPP, ICON, ISOPP and QuaPos standards were
reviewed, using 10 oncology pharmacy-related domains
derived from two international best practice standards
recommended by the SASOPA, to identify gaps and contra-
dictions in the local guidelines. The standards as well as the
determination of the comparisons were reviewed by the first
author (RB). The domains used were the transport of ADs,
working arrangements, education and training, require-
ments for facilities and engineering controls, use of per-
sonal protective equipment (PPE), risk management,
environmental monitoring and medical monitoring of per-
sonnel, cleaning procedures, accident management and
documentation, labelling and checking procedures.

Results

The GPP standards

The GPP standards are aimed at pharmacy practice in
general and are not specific to oncology pharmacy. One
relatively short section of the GPP standards (5 of 222
pages) is dedicated to the practice of the mixing of ADs
and was last updated in 2010. Nine of the 10 domains are
covered; no mention is made of risk management. Some
of the statements made in the GPP are inaccurate. These
include: “no adequate means of monitoring and measuring
inadvertent adsorption [of cytostatics] have been devised”,
and “protective clothing must include ... a single-use surgi-
cal mask” (which does not provide adequate protection
against exposure to ADs). In addition, the recommenda-
tions are not written in a logical sequence.

The ICON standards

The ICON standards, last updated in 2018, are more
comprehensive than the GPP standards, regarding the
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compounding of ADs. While the functions and roles of
the oncology nurse and the oncologist are comprehen-
sively described in separate sections, no specific details
are provided about the role of the oncology pharmacist;
the compounding of ADs is assigned to the oncology
nurse. All 10 oncology pharmacy-related domains are
covered.

The ISOPP standards

The ISOPP standards for the safe handling of cytotoxics,
which are specific to oncology pharmacy, were first pub-
lished in 2007. Refinement of safe handling practices led
to the latest 2022 edition of the standards. They provide a
comprehensive, structured approach to the practice of
oncology pharmacy and all 10 oncology pharmacy-related
domains are discussed in detail.

The QuaPos standard

The globally recognised QuaPos standard was developed
by the European Society of Oncology Pharmacy. The
most recent edition was published in 2021. The standard
is specifically aimed at the oncology pharmacist and the
practice of oncology pharmacy, and cover all 10 domains.

Comparison of the GPP, ICON, ISOPP and QuaPos
standards

The GPP standards, with their 32 items, are outdated and
inadequate regarding oncology pharmacy practice. They
mention oncology pharmacy practice only briefly in one
of 49 sections, with limited focus on the compounding of
anti-neoplastic drugs. They do not provide the detailed
and in-depth guidance that the ICON, ISOPP and QuaPos
standards do. These three standards are structured, using
appropriate and relevant headings, and address the various
aspects of oncology pharmacy practice systematically.

Even though recommendations for good oncology
pharmacy practice are mentioned in the section in
which the function of the oncology is described in the
ICON standards, rather than in a section about the oncol-
ogy pharmacist, the recommendations themselves
compare favourably with the ISOPP and QuaPos stan-
dards. However, the ICON standards do not discuss the
practice of oncology pharmacy as extensively as the
other two standards, nor do they provide the same level
of detail.

Oncology pharmacy-specific domains: performance
of the South African standards
The differences between the four standards regarding the 10

oncology pharmacy practice domains, are provided in
Table 1.

Table 1. List of abbreviations.

AD Antineoplastic drug

GPP Good Pharmacy Practice

ICON  Independent Clinical Oncology Network

ISOPP International Society of Oncology Pharmacy
Practitioners

LMIC Lower- middle-income countries

QuaPos  Quality Standard for the Oncology Pharmacy Service

SAOC  South African Oncology Consortium

SAPC  South African Pharmacy Council

Transport of anti-neoplastic drugs

Although the GPP standards mention the safe transport of
ADs, additional details that are provided in the ISOPP
and QuaPos standards are missing. The GPP standards
state that ADs must be transported in protected syringes
(to prevent accidental spillage) that are individually labelled
with essential information such as the name and strength of
the medication, and the patient details. The ICON standards
are more comprehensive than the GPP standards and
provide more details regarding the transport and receipt of
ADs. They compare well with the ISOPP and QuaPos stan-
dards as they include recommendations regarding the use of
unbreakable, liquid-tight containers, staff training, and
documentation and procedures in the event of an accident
or ‘spill’. The ICON standards specifically distinguish
between mixed and unmixed ADs, advocating the use of
high-impact moulded foam during transport for added pro-
tection of AD containers. The ISOPP and QuaPos standards
both recommend that the admixtures be delivered directly
to the ward/infusion lounge and that all staff involved in
the transport be appropriately trained on procedures relating
to accidental spillage. The ISOPP and QuaPos standards
also provide more details than the ICON standards about
the labelling of containers to identify that they contain ADs.

Work arrangements, warnings and work techniques

Work arrangements, warnings and work techniques are only
briefly mentioned in the GPP standards. The ISOPP and
QuaPos standards include the effectiveness of work arrange-
ments (administrative controls) in the hierarchy of exposure
control. The ICON standards state that, in the absence of an
oncology pharmacist/pharmacy, compounding can be done
by a registered nurse, but omit detailed mixing techniques.
The ISOPP and QuaPos standards emphasize the importance
of administrative controls, including clear signage to warn
staff about exposure to ADs, designated areas, and detailed
aseptic work techniques, reconstitution and compounding of
ADs, cytotoxic waste, and spills. The ISOPP and QuaPos
standards also comprehensively describe safe work techni-
ques, including compounding ADs in a biological safety
cabinet (BSC), sterile mixing, and pharmaceutical micro-
biology. All four standards recommend the use of luer-lock
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syringes for compounding ADs. Reference is made to per-
sonnel who wish to conceive or who are pregnant in all
except the GPP standards.

Education and training

The GPP standards state, in several places, that staff should
receive “adequate training”, but do not provide any details
about the content or other issues related to the training. The
ICON standards mention adequate training in basic princi-
ples of ADs, protocols, adverse effects, safe handling, prep-
aration storage, and transport, but does not elaborate on any of
these aspects. The ISOPP and QuaPos standards, however, do
provide comprehensive guidance about course content, edu-
cation providers, certification and recertification require-
ments, and documentation of training. The QuaPos standard
also provides a practical example of continuous education.

Requirements for facilities and engineering controls

The GPP standards require that facilities are suitable for the
preparation of ADs but provide no additional details regard-
ing engineering controls. The ICON standards specify the
requirements for the preparation of ADs in the mixing
room, receipt and storage, management of expired ADs,
and electronic prescribing of chemotherapy. In contrast,
the ICON and ISOPP standards offer comprehensive
requirements, including cleanroom specifications, air
changes, pressure differentials, and the use of vertical
flow BSCs. The QuaPos standard further details the moni-
toring, validation, and microbial safety of cleanrooms,
underscoring the importance of meticulous engineering
controls in maintaining a safe environment.

Personal protective equipment

Personal protective equipment includes masks, gowns,
gloves, head and shoe coverings. There are variations
regarding the use of other PPE in all the standards. The
only types of PPE mentioned in the GPP standards are sur-
gical masks, eye protection, single-use plastic aprons, and
“appropriate” gloves (undefined). The ICON standards
comprehensively describe the use of PPE. For example,
they emphasize the importance of using EN 374 gloves,
gowns that meet international standards, N95 masks, and
head and shoe coverings. All relevant PPE is comprehen-
sively discussed in the ISOPP and QuaPos standards.
Both standards recommend the use of FFP3 type masks.
The ISOPP standards make extensive reference to the
United States Pharmacopoeia Chapter 800 for the require-
ments of the use of PPE,'® including AD-resistant gloves.
The QuaPos standard describes the use of EN standards/
requirements related to the use of PPE, as well as the
design of gloves and the frequency with which they
should be changed.

Risk management

The GPP standards do not specifically address risk manage-
ment, but the ICON standards provide a comprehensive
framework for incident reporting, and management and
implementation of quality assurance improvements. Risk
management receives special attention in both the ISOPP
and QuaPos standards. The ISOPP standards emphasize
hazard identification, risk assessment, and the implementa-
tion of a risk control plan, including medical surveillance
and incident management. The QuaPos standard provides
an extensive evaluation of risks, with detailed requirements
for standard operating procedures (SOPs), including a tem-
plate of an SOP that can be used for risk management. In
addition, incident reviews are discussed and procedures
for documenting accidents are provided.

Medical monitoring

The GPP standards provide no details about environmental
and medical monitoring. However, it erroneously states that
“no adequate means of monitoring or measuring inadvert-
ent absorption has been devised”. The ICON standards, in
comparison, discuss medical monitoring in detail — in line
with the ISOPP and QuaPos standards. All three state that
blood tests (including full blood counts and liver function
tests) and medical examinations should be part of routine
examinations. The QuaPos standard recommends annual
examinations. Included is the recommendation to record
‘baseline’ measurements for new employees and ‘exit’
medical examinations when employees leave the company.

Cleaning and decontamination procedures

The GPP standards state that surfaces should be “thor-
oughly cleaned immediately after use according to local
procedures” but do not provide details about the cleaning
methods. The ICON standards state that N95 masks and
protective eye wear should be used during the cleaning
process but do not go into detail about that process. They
do, however, refer to an internal SOP about cleaning,
which is not included in the standards themselves.
Cleaning and decontamination procedures are, however,
extensively described in both the ISOPP and QuaPos stan-
dards, which specify the use of PPE during decontamin-
ation, and the cleaning agents and materials (such as
gauze) that should be used. Cleaning procedures for specific
areas in the pharmacy are provided, including the anteroom
and storage areas, the BSC, and devices used in oral and/or
topical formulations. The ISOPP and QuaPos standards also
require cleaning procedures to be documented.

Spills and accidents

The GPP standards state that “correct action is taken follow-
ing any accidental spillage or contamination of the person”,
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but do not stipulate what those “correct actions” are. They
also state that “accidental spillage or contamination of the
operator must be dealt with immediately and procedures
must be established for the treatment of the skin, eyes and
other surfaces”. Again, the specific procedures are not
described. The importance of training and documentation
regarding spills is included in the ICON standards, without
the provision of practical steps for handling spills.
Although the ICON standards do not describe the required
contents of a spill kit, they do require that such a kit is avail-
able in the workplace. They also recommend that all staff
receive training on procedures following a spill and that all
such events be documented. The ISOPP and QuaPos stan-
dards offer comprehensive instructions, including the con-
tents of spill kits and detailed procedures for managing
spills in various environments, such as the BSC, cleanroom,
storeroom, and during transport. The contents of a spill kit,
and procedures that need to be followed after an accidental
spill in the BSC, cleanroom, storeroom, or during transport
are comprehensively discussed.

Documentation, labelling and checking procedures

The GPP standards briefly mention the necessity for ADs to
be “adequately labelled” but lack comprehensive guidance.
In contrast, the ICON standards extensively detail the label-
ling requirements, particularly for take-home medications,
and outline the necessary documentation for various pro-
. cesses, including transport of ADs, an AD mixing register,
adverse reactions register, spills register, history of medical
monitoring of staff, incident reporting, and training. Both
the ISOPP and QuaPos standards provide detailed docu-
mentation protocols for the maintenance of operational
records, labelling requirements, policies, SOPs, electronic
documents, medical monitoring, education and training,
exposure records, accidents, microbial monitoring, environ-
mental monitoring, cleaning records, maintenance records,
and BSC servicing records.

Discussion

Of the thousands of pharmacies registered with the SAPC,
only five have the word ‘oncology’ in their names (as per
the SAPC website, August 2024). All five are private phar-
macies and are registered as either institutional (hospital) or
community (retail) pharmacies as there is no option to regis-
ter with the Council as an oncology pharmacy.

All registered pharmacies are obliged to adhere to the
GPP standards. Only a few of the approximately 160
private oncology pharmacies in South Africa are registered
with the SAPC; the others are affiliated with one of the two
managed care organisations (the ICON or the SAOC), and
adhere to their specific practice standards.

The objective of this study was to assess the effective-
ness of the locally-used GPP and ICON standards against

international oncology pharmacy best practice standards
in protecting the health and safety of those handling ADs
in private pharmacies in South Africa. The ICON standards
proved to be more comprehensive than the GPP standards
and compared well with the two international best practice
standards recommended by the SASOPh.

While the GPP standards provide a basic framework for
the transport of ADs, they lack the details included in the
ICON, ISOPP and QuaPos standards. The GPP standard’s
lack of specificity, especially regarding labelling of contain-
ers and training of staff about spills during transport, could
compromise the safety of employees.

There are also major gaps in the GPP standards regard-
ing work arrangements, warnings, and work techniques
when handling ADs, although these are adequately
covered in the ICON standards. While both the GPP and
ICON standards emphasise the necessity for adequate edu-
cation and training, neither of these locally used standards
define ‘adequate’, nor do they provide sufficient detail
about the content.

Regarding the use of PPE, the GPP standards’ stipula-
tion for the use of surgical masks when mixing ADs is
incorrect. Surgical masks have been proven to provide inef-
fective protection during the compounding of ADs.'" The
appropriate masks to use are FFP3 masks (recommended
in the ISOPP and QuaPos standards). The latter provide
superior protection from AD exposure than do surgical
masks.

Risk management, which incorporates risk identifica-
tion, risk measurement and assessment, risk mitigation,
and risk reporting and monitoring, is an important aspect
in protecting health and safety, in all industries.'?
Therefore, it is concerning that it is not mentioned in the
GPP standards with respect to oncology pharmacy practice.

The GPP standards inaccurately state that no adequate
monitoring methods for AD exposure exist. This may be
because the standards were published more than a decade
ago. Many developments have been made in this area
since 2010, and there are now well-established methods
that can be used to measure and monitor biological and
environmental contamination of ADs in oncology pharma-
cies.'*'* The medical monitoring stipulated in the inter-
national standards should be included in the GPP
standard, including blood tests to measure baseline liver
function tests, annual medical examinations, etc.

The GPP standards provide minimal guidance for clean-
ing and decontamination, While the ICON standards under-
score the importance of staff training and the use of PPE,
they fall short in stipulating specific cleaning methods.
Both standards need to be updated to incorporate the guid-
ance provided by the ISOPP and QuaPos standards, i.e.,
PPE use, cleaning agents, specific area procedures, and
documentation requirements.

The GPP and ICON standards provide general recom-
mendations regarding what to do in the event of an
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