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ABSTRACT

The compounding of injectable oncology drugs is an activity of the pharmaceutical
segment of great relevance and complexity. It requires biosafety actions to minimize
environmental and occupational contamination, and environmental conditions
associated with the aseptic technique for maintaining sterility. They are extemporaneous
preparations, exempt from sterility testing, therefore, strict control of the preparation
process is necessary. Environmental monitoring in an injectable compounding cleanroom,
a requirement of Brazilian legislation that affords good compounding practices, is a
tool used to demonstrate that the environment production meets the requirement of
quality standards. However, the national regulations do not establish how to do it or
the acceptable standard of compliance. This lack of information allows that methods
without reference standards exist, and that the final product may be inadequate for
the requirements regarding safety, integrity and reliability. As a conclusion, this debate
shows the requirements of international regulations regarding environmental monitoring
in compounding injectable drugs, drawing a counterpoint with the main national and
international industrial standards and guidelines. Although products manufactured and
handled by an aseptic process have to maintain the same sterility characteristic, there
are divergences in methods and acceptable limits of contamination, questioning whether
flexibility is possible in terms of quality requirements. It is also important to highlight
the need for the Brazilian regulatory agency to update the rules for the pharmacy for
handling injectable drugs, to assist it in the effective implementation of an environmental
monitoring program in order to contribute to the strengthening of the Quality Management
System in Health Services.

KEYWORDS: Environmental Monitoring;
Oncology Drugs

Good Manufacturing Practices; Injectable

RESUMO

A manipulacdo de medicamentos oncoldgicos injetaveis é uma atividade do segmento
farmacéutico de grande relevancia e complexidade. Requer acdes de biosseguranca para
minimizar a contaminacao ambiental e ocupacional e condicées ambientais associadas
a técnica asséptica para manutencdo da esterilidade. Sao preparagdes extemporaneas,
isentas de teste de esterilidade, sendo, portanto, necessario um controle rigoroso do
processo de preparo. O monitoramento ambiental, exigéncia da normativa nacional
de boas praticas de manipulacado, é uma ferramenta utilizada para demonstrar que o
ambiente de producéo atende as exigéncias de qualidade. No entanto, a normativa nao
estabelece a forma de realiza-lo e nem o padrao de conformidade aceitavel. Essa auséncia
de informacao propicia a realizacdo de ensaios sem padrdo de referéncia, podendo o
produto final ficar aquém das exigéncias quanto a seguranca, integridade e confiabilidade.
Nesse sentido, esse trabalho traz a luz as exigéncias das normativas internacionais quanto
ao monitoramento ambiental na manipulacdo de medicamentos injetaveis tracando um
contraponto com as principais normas e guidelines industriais nacionais e internacionais.
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Embora os produtos industrializados e manipulados por processo asséptico tenham que manter a mesma caracteristica de esterilidade,
observam-se divergéncias de métodos e limites aceitaveis de contaminacdo, questionando-se se é possivel a flexibilizacdo quanto
as exigéncias de qualidade. Ressalta-se ainda a necessidade de a agéncia regulatoria brasileira atualizar a normativa voltada para
farmacia de manipulacao de injetaveis, para que auxilie na efetiva implantacao de um Programa de Monitoramento Ambiental de forma
a contribuir para o fortalecimento do Sistema de Gestao da Qualidade em Servicos de Saude.

PALAVRAS-CHAVE: Monitoramento Ambiental; Boas Praticas de Manipulacao; Medicamentos Oncoldgicos Injetaveis

INTRODUCTION

Non-communicable diseases and conditions (NCDs) are the main
causes of death in the world. In 2008, 36 million deaths (63%)
occurred as a result of NCDs, with cancer accounting for 21% of
them. These deaths occurred mainly in low- and middle-income
countries, especially in the population under 70 years of age.'
The prevention and control of these diseases in Brazil currently
pose major challenges to the public health system.?

In Brazil, the 2020-2022 biennium estimate for adults suggests
the occurrence of approximately 625,000 new cases of cancer
every year. Except for non-melanoma skin cancer, the most fre-
quent types will be prostate, breast, colon and rectum.?

Childhood and adolescence cancer (diseases affecting children
and teenagers up to 19 years of age) is considered rare when
compared to tumors in adults and accounts for about 1% to 4%
of all malignant tumors. In Brazil, in 2017, 2,553 deaths were
reported as caused by childhood malignancies, and 8,460 new
cases are expected for each year of the 2020-2022 triennium.?

Anticancer therapy includes chemotherapeutic agents, biologi-
cals, molecular targeted therapy, radiation therapy, surgery, and
interventional oncology.? In addition to therapy with drugs that
directly treat the disease, other therapies are used to manage
the toxicity caused by anticancer drugs: antiemetic drugs, bladder
protection drugs, corticoids, and intravenous hydration, includ-
ing, when indicated, transfusions of red blood cells and platelets,
antibiotics, and growth factors. The use of these drugs is essential
to increase patients’ compliance with the treatment and avoid
complications that can pose risks to the patient’s life.*>

~ompounding injectable drugs is a highly relevant and complex
activity carried out by the pharmaceutical segment. The objec-
tive of compounding is to meet the needs of the healthcare sec-
tor by preparing medications that are not commercially available
to the specific needs of some patients.®”# It is an important ther-
apeutic tool that requires skilled and experienced pharmacists
to customize the formulation, personalize the dose, add com-
ponents, adapt the formulation to the route of administration
and choose the right type and volume of diluent for the patient’s
clinical condition.” Compounding is performed after the phar-
maceutical validation of the medical prescription regarding
the components of the formulation, including dose, quality,
compatibility, stability, and interactions with other drugs and/
or foods, as well as the feasibility of the proposed treatment.®
Personalized formulations in the area of oncology and parenteral
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nutrition have contributed significantly to the evolution of the
compounding work done by pharmacies.®"

Injectable drugs are compounded by pharmacies using aseptic
technique to prevent the contamination of injectable solutions,
supplies, and related materials, mainly by microorganisms and
particulate materials during the entire compounding process.
Injectable cancer drugs can be compounded exclusively by quali-
fied pharmacists,'? and this task cannot be delegated. In addition
to the aseptic technique, biosafety actions are essential to min-
imize occupational risk and environmental contamination. %1314

The law determines that injectable drugs compounded in phar-
macies are extemporaneous preparations, that is, the infusion
of the solution must be done within 48 hours of its preparation.
Since these preparations are exempt from sterility and bacte-
rial endotoxin tests,’ the safety level of sterility of a product
produced by aseptic processing cannot be predicted as it is for
products that undergo terminal sterilization.

The sterility of a product made by aseptic technique may not
be fully ensured due to the numerous sources of contamination
that can appear during the production process. The sources can
be air, staff, water, facilities, the process itself, materials, and
equipment used.'> To minimize the risk of harm to patients
in terms of morbidity and mortality, the preparation process
must take place in suitable facilities with a high-efficiency air
filtration system (clean room), where the number of viable and
non-viable particles present is known and controlled. It is essen-
tial that all aseptic processes and procedures be validated and
strictly followed by the staff involved in the production, with
continuous training of this staff and process updates. ¢

Environmental monitoring (viable and non-viable particles) in
a clean room used to produce injectables is a quality assur-
ance program tool used to demonstrate that the injectable
drug production environment meets the quality requirements
for the intended purpose. It should be used as an indicator of
the quality of equipment, facilities and processes. It allows
checking the efficiency of the air filtration system, monitor-
ing the aseptic practices of the staff, and evaluating the per-
formance of the cleaning and disinfection processes. There-
fore, monitoring is absolutely mandatory in aseptic processes
to demonstrate control of the microbiota of the injectable
preparation environment and to enable preventive actions
before contamination occurs.'7:1®
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Brazilian regulations for good practices in compounding inject-
able drugs™ require an environmental monitoring program.
However, they do not determine how to do it nor the accept-
able standard of compliance. This information gap allows tests
for microbiological environmental monitoring to be conducted
without a reference standard. Without a reference standard,
the final product may fail to demonstrate its safety, integrity,
and reliability.'*2

In view of this, we have to search for this type of information in
regulations and guidelines aimed at international compounding
pharmacies and/or the pharmaceutical industry. This study sheds
light on the requirements of international regulations regard-
ing environmental monitoring in the compounding of injectable
drugs in pharmacies and draws a comparison with the main stan-
dards and guidelines found in Brazil and abroad.

However, is the use of environmental monitoring parameters of
industrial guidelines—in which high rigor is required in the drug
preparation process and post-production inspection to ensure
total product quality—applicable to the process of compounding
injectable drugs, whose objective is to assist vulnerable patients
with their immunosuppression resulting from cancer treatment,
or is it possible to make these methods and compliance param-
eters more flexible?

Brazilian regulatory requirements on good practices for the
compounding of injectable cancer drugs in pharmacies

On September 21, 2004, Brazil’s National Health Surveillance
Agency (Anvisa) published Joint Board Resolution (RDC) n. 220,
the first regulation that established the necessary operating
requirements for services that offer antineoplastic therapy both
in public and private settings. The document established the
general guidelines for Good Practices for Preparing and Admin-
istering Antineoplastic Therapy (BPPTA), determined the setup
of a multidisciplinary team, the obligation of an Occupational
Health Medical Control Program and biosafety procedures to pro-
tect occupational and environmental health.?!

RDC n. 67, of October 8, 2007" and its updates (RDC n. 87, of
November 21, 2008, and RDC n. 21, of May 20, 2009) provide for
the Good Practices for Handling Compounded Formulations for
Human Use in pharmacies in both public and private settings.
The resolution in force addresses not only the compounding of
sterile and non-sterile cancer drugs, but also the compounding
of drugs from inputs/raw materials, including those of plant
origin, substances with a narrow therapeutic index, antibiotics,
hormones, and substances subject to special control and homeo-
pathic medicines, as well as the compounding of unit doses and
dose unitization of medicines in health services. The regulation
does not cover the compounding of enteral and parenteral nutri-
tion and polyelectrolyte concentrate for hemodialysis.

RDC n. 67/2007 revokes RDC n. 214, of December 12, 2006,
and n. 354, of December 18, 2003, to standardize the entire
Brazilian compounding pharmacy sector.' To ensure the quality
of final products and patient safety, fundamental requirements
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to restore the credibility of the compounding sector were
expanded. One of the requirements refers to the minimum
conditions for the preparation of medicines in every production
stage, including infrastructure, adequate facilities and equip-
ment, sufficient and trained human resources, quality control
in the various stages of the production process, pharmaceuti-
cal evaluation of the prescription, compounding and handling,
conservation, storage, transportation, dispensing, and pharma-
ceutical care aimed at ensuring the quality, safety, and efficacy
of the product and thus enable the safe use of these drugs by
the population.?

Although the two aforementioned regulations address good
practices for compounding sterile cancer drugs, there is greater
rigor in RDC n. 67/2007, especially in the criteria for infrastruc-
ture and facilities, including the requirement for a clean room
with control of particles, temperature and humidity, presence
of antechambers to minimize the possibility of contamination
between environments, suitable building materials and furni-
ture to prevent the build-up of viable and non-viable particles
and enable better cleaning and disinfection.'>'” Quality criteria
require process validation to ensure the reproducibility of the
procedures by any compounding pharmacy and an environmental
monitoring program to assess the level of contamination of the
air and surfaces of the sterile drug compounding environment."
Table 1 describes some of these requirements.

Quality in the preparation of injectable drugs and health control

Quality management is a comprehensive concept that includes
all the questions that determine, alone or together, the qual-
ity of a product. It corresponds to the sum of the arrangements
designed to ensure that the drugs have the quality required for
their intended use.?

Quality includes topics related to the suitability of systems,
facilities and equipment, process validation, laboratory quality
control, quality certification of material, employee training,
periodic environmental monitoring, investigation of deviations
and agile corrective and preventive measures (CAPA).2 These
elements are all part of quality assurance under quality man-
agement, which is a proactive tool in aseptic processes for the
pharmaceutical industry and plays a fundamental role in all
production stages to guarantee the sterility of final products.'”
Quality assurance requires expertise, a multidisciplinary team,
equipment, investment and training, which can a be a challenge
for pharmacies that compound injectable drugs.?

The increasing demands from health authorities regarding qual-
ity in the preparation of compounded drugs generate contro-
versy about the cost of designing and adapting facilities. The
demand for carrying out all the quality control processes during
the production stages, employee training, and limited financial
resources when compared to pharmaceutical corporations may
suggest that compounded drugs are produced with less rigor
in terms of quality. However, quality, safety, and efficacy are
inseparable and should not be treated merely as legal require-
ments, but as essential and inherent product attributes achieved
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Table 1. Some of the requirements of RDC n. 220, of September 21, 2004, and of RDC n. 67, of October 8, 2007, regarding infrastructure and facilities,

organization and personnel, and quality.

RDC n. 220/2004

RDC n. 67/2007

Infrastructure

Infrastructure

Area for gowning and hand hygiene;

Exclusive room for compounding with 5 m? by BSC.

Clean room with differential pressure, classified environments and
temperature and humidity control;

Surfaces made of material resistant to sanitizing agents, waterproof,
rounded corners, non-sliding doors, dropped and sealed ceilings and
embedded piping;

Exclusive room for compounding;
Cleaning and sanitizing room;
Antechamber;

Furniture built with smooth, waterproof material, easily washable; does
not release particles and can be disinfected by normally used agents.

Organization and personnel

Organization and personnel

Individual tasks and responsibilities must be formally described and
available to everyone involved in the process;

Restricted access to the compounding area.

Know and discuss the principles of GCPP;

Restricted access to the compounding area.

Quality

Quality

BSC half-year validation;

Preventive and corrective equipment maintenance;

Continued training;

Verification of accuracy of label information;

Product disinfection process before entering the compounding area;
Visual inspection of products before compounding and the final product;
Written operating procedure for all stages of the preparation process;

Verification and monitoring of compliance with cleaning and disinfection
procedures in areas, facilities, equipment and materials used in the
compounding work;

Periodic evaluation and recording of critical points in the process;

Implementation of corrective actions and continuous improvement.

Qualification of equipment and classified rooms;

Preventive and corrective equipment maintenance;

Initial and continued training program with effectiveness evaluation;
Verification of accuracy of label information;

Product disinfection process before entering the compounding area;
Visual inspection of products before compounding and the final product;
Written and validated operating procedure in the preparation processes;
Periodic verification of the cleaning and disinfection process of areas,
facilities, equipment and materials;

Monitoring for microbial contamination of disinfectants and detergents;
Environmental monitoring program for the compounding room;

Compounding with aseptic technique, following written and validated
procedures;

Revalidation of compounding procedures once a year or whenever there is
a change in the validated setting;

Conducting an internal audit.

GCPP: Good Compounding Practices in Pharmacies; BSC: Biosafety Cabin.
Source: Prepared by the authors, 2020.

throughout the processes. This is the most effective way to
ensure user safety and product effectiveness.7:2526.27

Although injectable drugs compounded in pharmacies are pre-
pared according to the manufacturers’ recommendations,
according to the physical, chemical, and microbiological sta-
bility parameters determined by the manufacturers, ensuring
microbiological stability after opening the drug vial or ampoule
depends on the conditions of the compounding environment and
the rigor of the staff’s conducts during the processes. Therefore,
the phase where processes are validated, staff is trained, and
an environmental monitoring program is implemented—quality
requirements set forth by RDC n. 67/2007—is a key challenge to
quality assurance and mandatory for compliance with good drug
compounding practices. However, the requirement made by the
law alone does not guarantee safe compounding.?? The law is
intended to make the activity more professional, more scientific,
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and safer, and professionals should see these requirements as
an encouragement to improved process quality. Health control
and inspections, in turn, are essential to ensure that pharmacies
meet the minimum requirements of the law, but not only through
punishment, but also with partnerships and active participation
to support the adoption of safer practices in healthcare.?%2

Environmental monitoring in clean rooms of injectable drug
production

Environmental monitoring in a clean room is a tool of the qual-
ity assurance program. When planned and conducted with rigor,
it helps increase the level of quality of injectable production
environments, especially those that involve aseptic process-
ing.'®2330 The objective is to assess the stability and occasional
changes in the microbiota of the production environment so as to
demonstrate disruption or failures in the processes."3!

Vigil. sanit. debate 2021;9(2):3-13 | 6
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Because of insufficient information found in current Brazilian
regulations (RDC n. 67/2007 and RDC n. 220/2004) about the
tests required for environmental monitoring in the clean rooms
of pharmacies that compound injectable drugs, as well as the
thresholds of contamination and conduct in case of deviation,
we had to search international guidelines on the monitoring of
clean rooms, including the United States Pharmacopoeia,'*3?
the European Guide designed by the Pharmaceutical Inspection
Co-operation Scheme (PIC/S)* and international and domestic
regulations and guidelines for the manufacture of injectable
drugs, such as those of the European Union,34 the United States,
the World Health Organization (WHO),* and Brazil.'®233

Environmental monitoring includes running tests in operation
and at rest. The test in operation is considered the most import-
ant to evaluate the aseptic practices performed by employees
and to demonstrate whether the suitability of the area for a
given process, with the equipment connected and the flow of
materials and employees, is maintained during production activ-
ities.3*3:3¢ The test at rest must be carried out at the end of
the activities and without the employees. It enables us to check
whether the clean room’s air filtration system is able to quickly
re-establish itself and determine the basis of the environment’s
microbiota after the area is empty and the cleaning and disinfec-
tion procedures have been carried out.3%3637:38

It aims to continuously monitor the quality of the environment,
especially during the critical phases of the production process,
enabling the identification of contamination risks and the adoption
of actions to prevent contamination. Monitoring results enables us
to create tools like historical trend graphs and set alert and action
thresholds for the parameters to be monitored. Therefore, the
monitoring process evaluates not only the performance of the air
filtering system in the compounding area, but also the facilities,
the employee’s gowning and scrubbing procedures, equipment
functioning and careful follow-up of processes.'®3%36.3

Environmental monitoring encompasses physical (non-viable
particles, differential pressure, temperature and humidity) and
microbiological (viable particles) monitoring. 8334

Non-viable particles are monitored by counting total particles
with diameters above 0.5 ym and 5.0 ym suspended in the air.
Microorganisms are usually carried by the air associated with
particles with a diameter between 10.0-20.0 ym. Therefore, this
type of monitoring is not intended to assess the microbiological
content,'® but rather the quality and the possibility of contami-
nation of the production environment.

The differential pressure, which determines the direction of
the airflow between different environments in a clean room, is
an important parameter to be evaluated during the production
process®'* to prevent the transfer of contaminated air between
environments.'®*' The preparation of injectable cancer drugs
requires an environment with negative pressure.™ In this case,
the differential pressure of the production area must be lower
than that of the adjacent areas. This helps ensure that possible
chemical and toxic contaminants formed during the production
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process will not contaminate adjacent areas. At the same time,
it prevents contaminants from the adjacent areas—especially
microbiological—from reaching the production area. 4!

Other parameters like temperature and humidity must also
be monitored regularly because they are critical for inhibiting
microbiological proliferation in the production environment and
ensuring a comfortable environment for the staff. The comfort
temperature should consider the type of clothing worn in the
clean room in order to minimize the release of particles by the
staff.303> Tests, parameters, and methods for physical monitoring
are performed as established by the International Organization
for Standardization (ISO).*

Viable particles are monitored to control the microbiolog-
ical content in the production area, within specific thresh-
olds, through active and passive sampling of air, surfaces and
staff.’"'® The qualitative assessment (characterization and
identification) of the microbiota found in the production area
enables us to learn the characteristics of the microorganisms in
terms of resistance and pathogenicity, identify possible sources
of contamination and correlate them with the staff’s cleaning,
disinfection and hygiene practices, with the consequent plan-
ning of effective actions.324

The frequency, number of sampling points and critical places for
the production process should preferably be determined based
on a risk analysis.'™3" Risk analysis in a given aseptic processing
area makes the environmental monitoring program more mean-
ingful and enables us to focus the sampling on places where the
risk of contamination is higher. After this analysis, we can estab-
lish the sampling frequency based on the risk levels for each area
or process.*If that is not possible, the places to be mapped must
be representative of the entire area and pay particular attention
to the spots that are close to the critical area (Grade A), the
position, circulation, gowning, and hand hygiene of the staff,
which are considered the main carriers of contamination in a
production process. The entrance and exit areas of materials
and equipment from an area of lower grading, in terms of total
particles, to an area of higher grading, should also be included
in the sampling plan.?

Requirements for the execution of an environmental monitoring
program in clean rooms of drug production in manufacturing
plants and injectable drug compounding in pharmacies

The sampling frequency for viable particles must be determined
based on a risk analysis. However, guidelines for the pharmaceu-
tical industry'®3"3*recommend strict monitoring in all production
shifts in critical environments, like Grade A and, as the rigor of
the environment decreases (Grades C and D), the sampling fre-
quency can also decrease. International guidelines for pharma-
cies that compound injectable drugs’** recommend a minimum
sampling frequency, as shown in Table 2.

Differences were found in the recommended frequency of sampling
between pharmacy guidelines (Table 2) and contamination thresh-
olds in both manufacturing and pharmacy guidelines (Table 3).

Vigil. sanit. debate 2021;9(2):3-13 | 7
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Table 2. Minimum suggested sampling frequency to monitor viable particles in pharmacies.

Compounding pharmacy

Environment classification
Test

(Grade) United States European Guide®
Pharmacopoeia3?
A Every compounding shift Quarterly
Active air sampling . .
(CFU/m?) C Every compounding shift Quarterly
D Once a day Quarterly
A ND Every compounding shift
Passive air sampling (90
mm plate) (CFU/4 h) & A R
D ND Weekly
A Every compounding shift Weekly
Contact surface . .
sampling C Every compounding shift Monthly
D Once a day Monthly
A Every compounding shift Every compounding shift
Glove contact test
B,C, D ND Every compounding shift

CFU: colony forming units; ND: no-defined value.
Source: Prepared by the authors, 2020.

Table 3. Maximum number of microbiological growth for each type of viable particle monitoring test.

al Industry/manufacturer Compounding pharmacy
ean room
Test environment EU GMP** . .
United States European Guide
e . 31 30
TG (e s FDA GMP PR Pharmacopoeia 32 (PIC/S)=

A 1* <1 >1 <1
Active air sampling B 7 10 ND 10
(CFU/m?) 1 10 100 > 10 100

D 100 200 > 100 200

A 1* <1 ND <1
Passive air sampling (90 B 3 5 ND 5
mm plate) (CFU/4 h) C 5 50 ND 50

D 50 100 ND 100

A ND <1 >3 <1
Contact plates (55 mm B ND 5 ND 5
plate) (CFU/plate) C ND 25 > 5 25

D ND 50 > 100 50

A ND <1 >3 <1
Glove contact test B ND 5 ND 5
(CFU/glove) C ND ND ND ND

D ND ND ND ND

EU GMP: European Union Guidelines to Good Manufacturing Practice; Anvisa: National Health Surveillance Agency; WHO: World Health Organization; FDA
GMP: Food and Drug Administration Guidance for Industry - Sterile Drug Products Produced by Aseptic Processing - Current Good Manufacturing Practice;

CFU: colony forming units: ND: non-defined value.

*Samples from Grade A areas should normally have no microbiological contaminants.

Source: Prepared by the authors, 2020.

The United States Pharmacopoeia suggests a higher monitor-
ing frequency in critical and adjacent environments (Grades A
and C), following the same guidance as industrial guidelines,
when compared to the European Guide (PIC/S)* for pharmacies
that compound injectable drugs. However, this Guide3® requires
the same strict microbiological contamination thresholds as
the European guidelines (EU Guidelines to Good Manufacturing

http://www.visaemdebate.incgs.fiocruz.br/

Practice: Medicinal Products for Human and Veterinary Use) for
environmental monitoring in manufacturing plants.3 If an envi-
ronment has strict requirements regarding the growth of micro-
organisms, as it is for the pharmaceutical industry, this environ-
ment should be monitored with the same rigor to confirm that
the compounding process is compliant and that the risk of con-
tamination is low. Therefore, it may be considered contradictory

Vigil. sanit. debate 2021;9(2):3-13 | 8
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to suggest a lower frequency of monitoring in environments
where microbiological growth can result in harm to patients.

For the active air sampling test in a Grade C environment, the
American regulations (Food and Drug Administration - Good Man-
ufacturing Practice’' and United States Pharmacopoeia') estab-
lish the action limit as of 10 colony forming units (CFU). Other
regulations’®3033:34 establish this limit as of 100 CFU. For the sam-
pling of surfaces and handlers’ gloves, the American regulation
for manufacturers®' does not specify a contamination threshold,
whereas the United States Pharmacopoeia™ allows, in a Grade
A environment, up to 3 CFU/plate. Other national and inter-
national guidelines®3%3334 do not allow any microbial growth.
Therefore, a contradiction was observed in the thresholds estab-
lished by the United States Pharmacopoeia when compared to
other guidelines, as the American document allows for a higher
contamination threshold in environments that are considered
critical to the production process (Grade A). Considering that
injectable drugs are compounded by aseptic process in Grade
A environments and are extemporaneous preparations that do
not undergo terminal sterilization or sterility tests, it would be
unwise to allow a greater limit of contamination in these envi-
ronments, which are also considered critical.

As for passive air sampling, Anvisa’s guide' and Normative
Instruction® require this test in all production environments,
although the sampling frequency may vary according to the
grading of the area. In more critical environments (Grade A and
B), sampling must be carried out throughout the production
process. In environments with a low risk of product contami-
nation, sampling should be weekly or even monthly (Grade C
and D). The US guidelines for industrial pharmacies® and com-
pounding pharmacies'#*?do not require the use of this sampling
method. They describe the test as optional, however, due to
the semi-quantitative or qualitative result of this method, it
should not be used in isolation, but associated with other sam-
pling methods. Different opinions about the use of this method
can also be found in several articles.*4 Therefore, despite
the limitations of the method, this test should be considered
when designing a monitoring plan to meet the requirements
of Brazilian regulations.®'®3 Nevertheless, it is still important
to conduct a comprehensive study to assess the passive sam-
pling method and warrant the fact it is mandatory according to
Brazilian legislation.

The test for sampling gloves in a Grade C environment is only
described in the European Guide* for pharmacies compound-
ing injectable drugs. However, this guide does not establish
the threshold of glove contamination in this environment and
therefore the test is left without parameters. Although this
test is not described in the guidelines for the pharmaceutical
industry of the United States,*' Europe** and the WHO,* in the
technical document of the international association,“® in the
Brazilian,'® American'** and Japanese Pharmacopoeias® or
in Brazilian regulations,'®%3> the importance of this test for
pharmacies that compound injectable drugs should be carefully
considered, since Grade C areas are the closest environments
to Grade A areas, as required by RDC n. 67/2007. An employee
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who works in this environment (Grade C) is directly in contact
with the materials (sterile and non-sterile) that are introduced
into the Biosafety Cabin (Grade A). Thus, the risk of carrying
contaminants from these materials into the Grade A environ-
ment through the hands of employees is high, especially when
aseptic, cleaning, and disinfection practices are poorly com-
plied with. After that, a search was carried out in the editions
of the United States Pharmacopoeia. We learned that until
2011, chapter <1116>, Microbiological Control and Monitor-
ing of Aseptic Processing Environments, accepted a maximum
threshold for the growth of microorganisms in the gloves of
employees of up to 10 CFU/plate’ in Grade C areas. In 2012,
chapter <1116> was completely revised and updated to propose
a different analysis and measures to be adopted in cases of
deviation. This new proposition considers the incidence rate of
contamination during a given period and excludes the accept-
able thresholds in absolute values for microorganism growth
in samples taken from air, surfaces, and staff. The justifica-
tion for this dramatic change in how contamination results are
evaluated is the limitation of the tests used to recover the
microbiota present in the production environment and the low
significance in absolute values of CFU between the thresholds
of compliant and non-compliant results. However, considering
the risks of carrying contaminants through the hands of employ-
ees,*® we can say that it is essential for Brazilian regulations to
address this type of test and determine the acceptable thresh-
old of contamination in order to have an indicator of hygiene
and process conduct.

With regard to physical tests, the industrial guidelines and
standards from Europe,** WHO,* Japan® and Anvisa'®* are
unanimous in demanding continuous monitoring of non-viable
particles in Grade A environments throughout the production
process. This type of monitoring is able to show the amount
of total particles at the time of production. Therefore, it is a
real-time indicator of the quality of the environment where
the processes are carried out that enables fixing non-compliant
items in time to avoid contaminating the product. However,
guidelines for pharmacies address this monitoring differently.
The United States Pharmacopoeia' requires half-yearly mon-
itoring and the European Guide* requires quarterly monitor-
ing (Table 4). The monitoring frequency suggested by these
two guidelines evaluates the performance of the air filtration
system and the processes conducted at the specific time of
the test. Therefore, there is no information on the quality of
the production environment in the period without testing, so
non-compliant items cannot be identified to prevent contami-
nated products from reaching patients.

I1SO 14644 is used as a reference for the classification of clean
rooms for the biotechnology, food, microelectronics, and space
industries. It is not specific for the pharmaceutical industry. This
allows clean rooms with different purposes to follow the same
technical and performance specifications and have the same
evaluation criteria.! However, 1SO 14644° does not establish the
levels of microbial load (viable particles), an important crite-
rion for the pharmaceutical industry. Furthermore, it does not
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Table 4. Minimum frequency of physical monitoring in Grade A environments.
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Physical monitoring in Grade A environments

Test Industry8.30.3435

Compounding pharmacy

United States

Pharmacopoeia 14 Euopeaic 2N

Particle count in an operating Grade A

: Continuous
environment

Differential pressure between

) Continuous
environments

Semester Quarterly

Daily Daily

Source: Prepared by the authors, 2020.

Table 5. Maximum number of airborne particles allowed for “at rest” and “in operation” conditions and differential pressure between environments.

At rest

In operation

Maximum number of

Grade® Maximum number of particles allowed/m3 particles allowed/m?

> 0.5 ym >5.0 ym > 0.5 ym >5.0 ym
A 3,520 3,520 20*
B 3,520 352,000 2,900
C 352,000 3,520,000 29,000
D 3,520,000 29,000 Undefined Undefined

*As of 2015, I1SO 14.644-1 does not define the maximum value for particles larger than 5 mm in Grade A environments.

2 The differential pressure between two environments can range from 5-20 Pa.

Source: European Commission (2008) and Anvisa (2013).

determine the thresholds for airborne particles for the “at rest”
and “in operation” states,'®> therefore, the industrial guides for
the manufacture of medicines continue to be used as a reference
for aseptic production in clean rooms." The thresholds of sus-
pended particles for each classification of the “at rest” and “in
operation” environment and the differential pressure between
environments are described in Table 5.

The European Guide (PIC/S)* for pharmacies requires the same
total particle results as the European pharmaceutical guide-
lines** (EU Guidelines to Good Manufacturing Practice: Medici-
nal Products for Human and Veterinary Use), both at rest and in
operation, unlike the United States Pharmacopoeia and RDC n.
67/2007," which only require this physical test every six months
and at rest, that is, tests to evaluate the performance of the
system, requalification tests.

The monitoring of total particles, unlike viable particles, yields
immediate results. There is no need to incubate and wait 2
to 5 days to check whether an environment is compliant with
the specification or not, and then act in order to identify, fix
the problem, and prevent its recurrence. Therefore, it would
be wise to intensify this type of physical monitoring in order to
learn the true situation of the environment in which the product
is compounded.

While preparing this debate, we observed there is no single
document that includes all the information necessary for envi-
ronmental monitoring in an injectable drug production area.
However, information for environmental monitoring in indus-
trial manufacture is more consolidated and uniform among
technical documents, unlike what occurs in documents for
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environmental monitoring in pharmacies that compound inject-
able drugs. These divergences are not limited to pharmacy
guidelines, but also occur between manufacturing and phar-
macy guidelines. These divergences are unjustifiable because
injectable drugs are compounded in pharmacies using aseptic
technique. It depends on the performance of the clean room
filtering system, the strict conduct adopted by the staff, the
validation of processes, and equipment calibration, just like
for the manufacturers.

Thus, it can be said that there is no justification for easing
quality requirements for compounded drugs. It is the responsi-
bility of the National Health Surveillance Policy for medicines
to ensure the quality of drugs marketed in the domestic mar-
ket, respecting the safety and efficacy attributes of drugs avail-
able in the country.?

CONCLUSIONS

Given the above, there is no definite document with all the
necessary parameters for environmental monitoring in an area
where injectable drugs are compounded. We emphasize the
need for the Brazilian regulatory agency to pay attention to
the updating of the regulations aimed at pharmacies that com-
pound injectable drugs, establishing guidelines for professionals
on the design of an environmental monitoring program and its
effective enforcement.

Therefore, it is essential to create reference standards to guide
professionals so that reproducible and controlled procedures and
behaviors are adopted to strengthen the Quality Management
System in Health Services.
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