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1.0 Introduction

Risk management has been applied to numerous endeavors in a broad range of industries including
the development of military strategies, pioneering space discovery and automotive design. A risk
management program facilitates the identification of areas of criticality or vulnerability, determines
the appropriate application of risk controls and helps to communicate those risks to appropriate
organization decision makers. Quality risk management is an important part of science-based deci-
sion making which is essential for quality management of pharmaceutical manufacturing.

Pharmaceutical manufacturers have made risk-based decisions for many years. However, a
more formal approach to risk management was embraced in 2002 with the FDA's unveiling of
“Pharmaceutical cGMP’s for the 21st Century: A Risk-Based Approach.” This draft report paved the
way for a structured, science-based quality risk management approach to ensure industry and regu-
latory focus on critical operations for patient safety. The final report was issued in September 2004
with additional guidance documents that further outlined FDA's support of quality risk manage-
ment techniques to ensure product quality and facilitate continuous improvement.

This technical report introduces the basic concepts of quality risk management and includes a model
that may be used as a tool for conducting a risk assessment. Aseptic processing has been selected as
the focus because it contains inherent risks due to consequences of process failure and challenges
in the detection, control and management of product contamination. More detailed information
on establishing a quality risk management program for aseptic processing is then provided. This is
followed by examples of hypothetical risk assessments designed to illustrate the use of the model.
The examples are not designed as a commentary or a guide for aseptic processing practices. The
report includes a glossary of terms and concludes with additional examples showing flexibility of

the model, references and a bibliography.

Approaches for quality risk management vary according to the needs of the organization, and
many models are available for risk analysis (e.g., Failure Mode Effects Analysis (FMEA), Hazard and
Operability Analysis (HAZOP), Hazard Analysis and Critical Control Points (HACCP), and fish-
bone analysis). However, these models are not “one size fits all” and may require modifications to
suit their intended uses. The approach chosen for this technical report is a modified FMEA model,

although the task force recognizes that other models may be used.

The ICH Q9 guideline, Quality Risk Management (QRM) and other literature provide ample guidance
on the principles of quality risk management and may be consulted for greater detail about alterna-
tive methods or approaches.. This report does not attempt to redefine or modify those principles;
instead, the purpose of this report is to describe a methodology for implementing those principles,

specifically for aseptic processing of sterile drug products.

The task force that drafted this report is comprised of aseptic processing and risk management profes-
sionals from the pharmaceutical, biotechnology and medical device industries. During the course
of developing this report, the task force conducted a survey of risk management practices in the
pharmaceutical industry (1). Survey results revealed current industry practices regarding implemen-
tation of QRM. Although there is a growing understanding and appreciation of QRM as a method
for science- and risk-based decision making, there also appears to be a need for assistance in the
implementation of these approaches. Consequently, the task force included points to consider based

on survey results.

This technical report was disseminated in draft for public review and comment prior to publication
to ensure its suitability as a valuable guide to industry in aseptic processing.

-
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1.1 Purpose/Scope

The methods used to assess risk should be appropriate for the organization and the process being
assessed. The purpose of this technical report is to provide an overview of a quality risk manage-
ment program and to present a model to facilitate the risk assessment of aseptic processing of sterile
products. It provides a tool to assess and evaluate activities, conditions and controls that impact
establishing and maintaining aseptic conditions and endotoxin control. Aseptic processing is unique
because the severity of the harm is always going to be high and detection of loss of sterility is always

going to be low.

The scope of this report is the application of a quality risk management program to aseptic process-
ing. However, the task force recognizes that the quality risk management concepts provided in this
report may be used in other areas of pharmaceutical manufacturing.

For purposes of this report, “products” include pharmaceutical, biological and biopharmaceutical
products produced by aseptic processing. “Process” refers to the pharmaceutical manufacturing
process. Unless otherwise noted, “risk” refers to “quality risk” as it relates to risk to product quality
throughout its lifecycle. Applications for quality risk management of aseptic processes include, but

are not limited to:

* Personnel - technique, hygiene and activity
* Process and facility design

* Process assessment

+ Equipment and system qualification

« Process validation

+ Change control and management

» Process/product failure investigation

There are many potential variables that can affect sterility assurance and endotoxin levels. This report
provides examples of variables (e.g., personnel, process, equipment, components, sterilization/
depyrogenation and facilities/utilities) that directly impact processing of product. Other variables
common to pharmaceutical products (e.g., labeling, dosage, functionality or product content) will
not be covered in this report. However, the model may be modified to be used as an assessment tool

for hazards associated with these activities.

This report neither represents regulatory requirements or guidance, nor does it present the only
method for risk assessment of aseptic processes. It does present information that can help the reader
understand and use risk management to make science- and risk-based decisions.

Vol. 62 » No. S-1 « 2008 PDA Journal of Pharmaceutical Science and Technology
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2.0 Glossary of Terms

Current FDA, EU, ICH, ISO and other regulatory definitions are used, except when more clarity is
added by the task force. In some instances, two definitions used in current guidances are provid-
ed where both are considered applicable. Regulatory guidelines offer other definitions that may

be considered.

Variations in the usage of some terms may differ from organization to organization, and some may
be subject to change in the future. However, the terms used in a quality risk management program
must be clearly defined and well understood within the organization and clearly defined in internal
standard operating procedures (SOPs), standards and regulatory filings. For the purposes of this
technical report, the following terms and definitions are used:

Aseptic Process:

A process in which sterile materials are handled
in an environment in which the air supply,
materials, equipment and personnel are
controlled to prevent microbial and particulate
contamination.

Critical Area:
An area designed to maintain sterility of prod-
uct, containers, closures and equipment.

Critical Quality Attribute:
A defining characteristic of the product, includ-

ing purity, strength, identity and safety.

Detection:
The ability to discover or identify a defect or failure.

Endotoxin:

A pyrogenic product (e.g., lipopolysaccharide)
present in the bacterial cell wall. Endotoxin can
lead to reactions in patients receiving injections,
ranging from fever to death (2).

Failure:

The condition or fact of not achieving expected
results; a cessation of proper functioning or
performance.

FMEA (Failure Mode and Effects Analysis):

A method of assessing and evaluating risk.

Harm:
Damage to health, including damage occurring
from loss of product quality or availability (3).

Hazard:
The potential source of harm (4).

Intervention:

An aseptic manipulation or activity that occurs
at the critical area.

-
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Occurrence:
The likelihood that the cause of the failure will
happen, resulting in harm to the patient.

The likelihood that a unit operation that could
potentially cause a failure, happens in such a
way that does cause the failure.

The FMEA rating scale that defines the
frequency of a failure mode (5).

Process Step:
An event that is a necessary part of the manu-
facturing procedure or unit operation.

Process Validation:

Establishing documented evidence which
provides a high degree of assurance that a
specific process will consistently produce a
product meeting its predetermined specifica-
tions and quality attributes (6).

Quality:
The degree to which a set of inherent prop-
erties of a product, system or process fulfills

requirements.

The suitability of either a drug substance or
drug product for its intended use. This term
includes such attributes as the identity, strength

and purity (7).

Quality Risk Management {QRM):

A systematic process for the assessment, control,
communication and review of risk to the quality of
the drug product across the product lifecycle (3).

Vol. 62 = No. S-1 » 2008



Quality System:

Formalized business practices that define
management responsibilities for organizational
structure, processes, procedures and resources
needed to fulfill product/service require-
ments, customer satisfaction and continual
improvement.

Reduction:
The act of making changes to reduce risk.
(synonym: mitigation)

Residual Risk:

Risk remaining after risk control measures have
been taken (8).

Risk:
The combination of the probability of occur-
rence of harm and the severity of that harm (4).

Risk Analysis:
The estimation of the risk associated with the
identified hazards (3).

Risk Assessment:

A systematic process of organizing informa-
tion to support a risk decision to be made
within a risk management process. It consists
of identification of hazards and the analysis and
evaluation of risk associated with exposure to
those hazards (3).

Risk Communication:

The sharing of information about risk and risk
management between the decision maker and
other stakeholders (3).

Risk Control:

Items in place and/or actions to implement risk
management decisions.

Risk Evaluation:

The comparison of the estimated risk to the
given risk criteria using a quantitative or quali-
tative scale to determine the significance of the
risk (3).

Risk Identification:

The systematic use of information to identify
potential sources of harm (hazards) referring to
the risk question or problem description (3).

Vol. 62 * No. S-1 « 2008

Risk Management:

The systematic application of quality manage-
ment policies, procedures and practices to the
tasks of assessing, controlling, communicating

and reviewing risk (3).

Risk Prioritization Number (RPN):

A quantitative method for determining the
level of risk by multiplying the severity, occur-
rence and detectability rankings of the failure
or event. :

Risk Prioritization Ranking (RPR):

A qualitative method for determining the level
of risk by combining severity, occurrence and
detectability rankings of the failure or event.

Risk Reduction:
The process of decreasing the level of risk.

Risk Review:

An ongoing monitoring of events, output
and results of the risk management process
that takes into account new knowledge and
experience.

[A] step in the risk management process for
taking in account of new knowledge and expe-
riences (3). :

Severity:
A measure of the possible consequences of a
hazard (3).

Sterile:
The absence of viable microorganisms.

Sterility Assurance:
The probability or likelihood that something
is sterile.

Terminal Sterilization:

The application of a lethal agent to a sealed,
finished drug product for the purpose of achiev-
ing a predetermined sterility assurance level
of usually less than 10 (i.e., a probability of a
non-sterile unit (PNSU) of greater than one in
a million).

Unwanted Event or Condition:

Lack of sterility assurance or an unacceptable
level of endotoxin that could result in harm to
the patient.

PDA Journal of Pharmaceutical Science and Technology
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Sterile drug products differ from other products in that they are required to be free of viable
microorganisms and are manufactured to meet allowable endotoxin limits. The result of the loss
of sterility assurance or endotoxin levels exceeding allowable limits in product have a high likeli-
hood of causing harm to the patient, while the likelihood of detecting a sterility or endotoxin
failure is low. Therefore, risk in sterile product manufacturing, specifically aseptic processing,
is relatively high when compared to other pharmaceutical processes, making risk management

particularly important.

There are two basic methods for manufacturing sterile pharmaceutical products. One method is
terminal sterilization, which involves the assumption of viable microbial contamination and that
the process is adequately designed for its removal through post-filling treatment of the final inte-
gral container. In this method the critical process parameters (e.g., presterilization bioburden, time,
temperature and pressure) that could adversely affect sterility assurance are well characterized,

monitored and controlled.

The other method is aseptic processing. Aseptic processing involves protecting the exposed product
and product contact surfaces from microbial contamination, usually originating from person-
nel, surfaces or the processing environment. Conditions that could adversely affect sterility are
not as well defined in measurable metrics and are not easily monitored or controlled. If sterility
and endotoxin failures do occur, the ability to detect contamination is limited because of the lack
of sénsitivity of current sampling and testing methodologies. Therefore, the outcome of aseptic
processing is less predictable and inherently has more risk. Understanding and managing the condi-
tions and risks associated with aseptic processing are essential for making appropriate decisions and

assuring product quality.

Endotoxins are “natural” substances that, when injected in sufficient amounts into a human or
animal, will cause a variety of detrimental physiological symptoms, the most quantifiable being an
elevation in body temperature. Endotoxins are high molecular weight lipopolysaccharides associ-
ated with the outer membrane of Gram-negative bacteria. Endotoxin reduction usually requires
validated cleaning procedures or high temperatures that may not be feasible for heat-labile products.
Therefore, the use of quality risk management to identify, control and reduce endotoxin contamina-

tion is applicable to both aseptic and terminal sterilization processes.

Process failures that can result in elevated endotoxin levels and lack of sterility assurance pose a
significant risk to patient safety. The ability to detect a process failure is low given the current meth-
ods for sterility testing. The probability of a process failure that could adversely affect the sterility of
the product in aseptic processing is higher and less predictable than in terminal sterilization, given
the inherent exposure to environmental contaminants. Quality risk management can be an effective
method of identifying and reducing aseptic processing risk, thus improving the assurance of sterility,

endotoxin control and subsequent patient safety.

6 PDA Journal of Pharmaceutical Science and Technology Vol. 62 * No. S-1 « 2008



3.1 Risk Management Benefits
Successful application of a quality risk management program enhances decision-making capabil-
ities and communication and is an invaluable tool for attaining an effective and efficient aseptic

processing operation. This is accomplished by the application of structured approaches to the identi-
fication, analysis, control and review of potential risks. Overall benefits of a quality risk management

program include:

» Improved planning and preparedness for potential failures

« Increased process understanding

» Improved identification of critical process parameters

+ Improved stakeholder relationships through better communication

+ Increased quality assurance through documentation of the decision-making process

« Reduced risk to patients by modifying processes to eliminate or reduce high risk process steps

« Identification of fault conditions that need to be monitored

« Optimization and prioritization of validation resources

o Selection of test methods and acceptance criteria that are aligned with critical quality
attributes of products

+ Compliance with regulatory expectations

+ Assistance in maintaining a state of process control

3.2 Risk Management Considerations

Before initiating a quality risk management program, an organization should engage in some
thought and deliberation regarding implementation. An evaluation of the current understanding of
risk management in the organization should be conducted. A structure should be created in which
risk management is accepted, its benefits understood, its tools applied uniformly, and the practitio-

ners properly trained in its concepts.

Managing risk works best in an organization that has the supportive commitment of executive
management, Organizations should develop and implement an overall risk management policy to
guide procedures written for specific risk processes. These policies and procedures should outline
the context in which risk will be managed. This includes who has responsibility and authority, as well
as what is in and out of scope for the risk management program. It is also important that the orga-
nization identifies and includes internal stakeholders. Once adopted, the risk management program

should be integrated into the culture of the organization.

As a part of an organization’s continuous improvement plan, the risk management program should

be monitored and reviewed periodically for effectiveness.

P
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3.3 Risk Management Program

Quality risk management requires balanced thinking in its treatment. Organizations should be
neither too conservative nor too liberal regarding the acceptance of risk. Currently, many organiza-
tions test all aspects of the manufacturing process, whether or not these tests add any value. A
quality risk management program facilitates identification of critical parameters or conditions that

could affect product quality.

Risk management encourages proactive, rather than reactive, management of product processing
and is a means to an end, not an end itself. Rigorous thinking is involved with logical, systematic and
science-based approaches to improve the effectiveness and efficiency of decision-making. The goals

of a quality risk management program should be to better understand the process and improve the

process, thereby assuring patient safety.

Structured risk management methods may not always be required. The degree of formality and
documentation is a function of both the scale of the risks being addressed and the level of under-
standing of the manufacturing process being assessed. Risk assessments should be performed during
the entire lifecycle of a product. The use of risk management can facilitate communication and
compliance with regulatory expectations. It is always advisable to review local regulatory guidance

documents when instituting a quality risk management program.

As described in ICH Q9, a quality risk management program embodies the following concepts:

+ Risk Initiation

» Team Selection

* Product Analysis
» Risk Assessment
* Risk Identification
+ Risk Analysis
+ Risk Evaluation
Risk Control
 Risk Reduction
+ Risk Acceptance

* Risk Communication

+ Risk Review

A quality risk management program is an iterative process that involves risk assessment, risk control,
risk communication and risk review as depicted in Figure 3.3-1. Risk assessment is comprised of risk
identification, analysis and evaluation. Risk control includes reduction of “unacceptable” risk and/or
acceptance of low risk with proper (science-based) justification. Risk communication includes sharing
risk-related information with appropriate individuals and/or groups. Risk review involves periodic
evaluation of the effectiveness of the steps employed to reduce risk as a result of the previous assess-

ment. Frequency of this evaluation may be event-, change- or time-based.

Vol. 62 » No. S-1 « 2008



Itis commonly understood that risk is the combination of the probability of occurrence of harm
or an unwanted event and the severity or impact of that harm.

Figure 3.3-1 Risk Management Program Cycle
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3.3.1 Risk Initiation

Prior to commencement of a risk assessment, it is important to ask why the study is being initiated.
This question should be addressed early on in order to establish an objective and scope within which

the study can be maintained.

A risk assessment study does not need to be complicated or time consuming, nor should it be a
valueless exercise. Appropriate planning, timelines and preparation will assure that the study has

value and that the team accomplishes its goal.

The scope and study Boundary should be defined during the planning stage. This can be achieved by
creating a map within a defined boundary of the manufacturing process being assessed.

3.3.1.1 Team Selection
Itis recommended that a cross-functional team be assembled to use the model. This provides a level

of assurance that the qualitative or quantitative evaluation of potential hazards will be as objective
as possible. The team should be the appropriate size with the appropriate expertise for the process

being evaluated.

"Team members should include (but need not be limited to) stakeholders in the areas of: develop-

ment, engineering, validation, product safety, microbiology, technical services, manufacturing,
quality unit, owner, operator and facilitator. Team members should have the appropriate skill,

knowledge, authority and expertise necessary to correctly assess and quantify risk in a team

environment.

3.3.1.2 Product Analysis

It is important that critical quality attributes of the product (i.e., sterility assurance and the accept-
able level of endotoxin) are identified so that risk can be managed and/or reduce risk on steps in'the
process that can adversely affect the quality of the product and could result in harm to the patient.

3.3.2 Risk Assessment

Risk assessment involves identifying, analyzing and evaluating potential failures in the process. When
initiating a risk assessment, the first step is to pose the question, “What can go wrong?” While it is
important to list as many potential failures as possible and reasonable, analyzing failures that are

highly unlikely to occur may not be value added.

After identifying potential process failures, the second step is to determine the severity of the impact
of this unwanted event. The model presented in this report is based on the premise that if the
unwanted event is the loss of sterility assurance or unacceptable levels of endotoxin, then the sever-

ity will always be high because harm to the patient is severe.

In an aseptic process risk assessment, occurrence is the likelihood of a process failure happening that
causes an unwanted event (e.g., loss of sterility or unacceptable endotoxin levels). If severity is always
high, as is the case in this model, then occurrence is the combination of the likelihood that the failure
will occur and that the failure will result in the loss of sterility or an unacceptably high endotoxin

level if the failure occurs.

10 PDA Journal of Pharmaceutical Science and Technology . .- Vol.62 * No. S1 * 2008 L




3.3.2.1 Risk Identification

Risk identification addresses the question, “What might go wrong?” Sterility failure is difficult to
detect without destructive testing; therefore, process failures that could result in product microbio-
logical contamination should be addressed. Experience, empirical and historical data indicate that
the degree of human intervention coupled with environmental and surface contact conditions will

affect the likelihood of contamination.

3.3.2.2 Risk Analysis

Risk analysis is a qualitative or quantitative process of linking the likelihood of occurrence to the
ability to detect the failure (detectability). A ranking system may be used as a relative scale for deter-
mining the severity of the unwanted event and the occurrence and detectability of the process

failure.

The purpose is to determine which process steps pose greater or lesser risk, and whether the risk
has been reduced or increased with the process change. The ranking system and its defined values
are determined by the organization according to their predefined acceptance of level of risk and
the process being assessed, and they should be as objective and consistent as possible. The ranking
system may be numeric or descriptive and should be described in a procedure in order to better

assure consistency of use.

3.3.2.3 Risk Evaluation

Risk evaluations compare the identified and analyzed potential failures to risk acceptance criteria.
Uncertainty due to incomplete knowledge of the process and its expected or unexpected variability

should be addressed. This includes knowledge gaps in process understanding, sources of failures
(e.g., failure modes of a process, sources of variability) and the likelihood of detection of process

failures. Where a high level of uncertainty exists, it may be prudent to assume the process step poses

greater risk and assign it a value accordingly.

When determining risk acceptability, consideration should be given to regulatory requirements,
previous experience and/or technical studies. When risk is quantified either qualitatively (high/
medium/low) by assigning a risk prioritization ranking (RPR), or semi-quantitatively by assigning .
a risk prioritization number (RPN), a decision needs to be made as to whether to accept the risk or
pursue additional control and protective steps. This decision is based on an organization’s or manu-
facturing site’s acceptance level for risk. (See Section 4.1.2 (I) (p. 17) for further discussion of RPR

and RPN.)

3.3.3 Risk Control

Once an assessment has been conducted to identify potential process failures, their impact, likeli-
hood of occurrence and detection, a decision on how to address these risks should be made. A
process that poses unacceptable risk should be reduced and controlled to an acceptable level. If the
risk is acceptable, the process may remain as designed or reasonable steps to further reduce the risk
may be considered to improve the process. Risk control should continue throughout the lifecycle of

the process.

PDA Journal of Pharmaceutical Science and Technology
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3.3.3.1 Risk Reduction

Risk reduction is a proactive method of addressing potential process failures through redesign,
incorporation of safety features or instructions whose end result is risk reduction to the patient. The
amount of reduction effort made should be proportional to the impact of the risk. As stated in ICH

Q9, risk reduction might focus on the following questions:

« Is the risk above an acceptable level?
+ What can be done to reduce or eliminate risks?
« What is the appropriate balance among benefits, risks and resources?

Are new risks introduced as a result of the identified risks being controlled?

For aseptic processing, reduction of risk involves reducing the likelihood of occurrence and/or

increasing the likelihood of detection of the process failure.

Risk may be reduced in a variety of ways in an aseptic process where significant levels of human

intervention are used, for example:

« Changing the process to reduce human intervention through engineering solutions

(e.g., automation)
» Decreasing the number of interventions, thereby reducing the likelihood they will affect
product quality (e.g., increase hopper size to reduce the number of component additions)

« Increasing the level of detection of the identified potential process failure (e.g., door interlocks

on filling machines)

A Corrective Action and Preventive Action (CAPA) process may be used to implement risk reduction

efforts and to verify their effectiveness.

3.3.3.2 Risk Acceptance

It may not be practical to try to eliminate all risk. After the process has been analyzed, a decision
should be made either to accept the risk, or to consider process changes and continue the analysis
of the changed process to further reduce the risk. Risks that remain after process changes, including

risks introduced as a result of those changes, are considered residual risk.

For some types of failures, even the best controls may not entirely eliminate the cause of the failure
resulting in residual risk. In the event residual risk remains, a determination will need to be made to

accept this residual risk or the following actions may be considered:

« Modify the process to reduce the risk to an acceptable level. (This usually involves modifica-
tions which will decrease the likelihood of occurrence.)

Enhance the method of detection to reduce the risk to an acceptable level.

« Employ a new process that has an acceptable level of risk.
Communicate the risk level to the appropriate stakeholders for further consideration.

If modifications to the process are planned, then a risk assessment should be performed on the
proposed modifications or new process. A CAPA process may be used to implement risk reduction

efforts and to verify their effectiveness.

Vol. 62 « No. S-1 = 2008
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3.3.4 Risk Communication
Risk communication ensures thatappropriate information is reported to stakeholders throughout risk

management. Communicating risk may vary from informal (electronic) to more formal (approved

documentation), depending on the risk level and the point in the risk assessment process.

3.3.5 Risk Review

Quality risk management should be used throughout the product lifecycle. It can be used to better
understand the manufacturing process and to make decisions involved with the design of product,
process and facility. Quality risk management may be used, for example, during qualification and

validation to prioritize and develop test and acceptance criteria, as well as a component of change

control, failure investigations and continuous improvement.

Once appropriate controls are implemented, an evaluation should be conducted to ensure that no
new risks have been introduced, and their performance should be reviewed to confirm their effective-
ness. The change management program should be linked to the quality risk management program.

However, a review of the initial risk assessment may be initiated in the following instances:

« Asa part of a failure investigation

» When new risks are identified as a result of increased process knowledge
« As a change control measure that is part of the change control program
» Upon implementation of process changes

- Asapart of a periodic review
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4.0 Aseptic Processing Quality Risk Mé‘h‘agehelﬁf Model

it 7

ik

This section provides a practical application of the concepts presented in Section 3. The authors have
selected an FMEA approach as the basis for the model in this report, because it is one of the methods
that works well with the assessment and decision-making needed for aseptic processing. The authors
have taken into account various aspects of aseptic processing, including current levels of control
and difficulty in measuring, quantifying and predicting the impact of failure in designing the model.

Quality risk management should be linked to the Critical Quality Attributes (CQAs) of the product
that can affect patient safety or harm the patient. Product CQAs include identity, purity, safety and
strength. The CQAs addressed in this model—which are unique to sterile products manufactured
by aseptic processing—include sterility and acceptable levels of endotoxin. The unwanted events or
conditions are lack of sterility assurance and unacceptable levels of endotoxin. Other hazards, such
as parti‘culate contamination, foreign matfer residue, super- or subpotency or labeling defects are
not unique to aseptic processing and are not specifically addressed in this model. However, the prin-
ciples and elements presented in this model may be modified to assess risk inherent to those hazards.

4.1 FMEA Model Overview

The model may encompass an entire process and provide a high-level assessment or may be narrowed
to address a single unit operation that has been experiencing poor performance. It is important that

the boundary of the assessment be clearly identified during the planning stage.

Simple flow diagrams and process descriptions are useful to illustrate the process and stimulate
discussions on identifying potential failures and reduction controls. In addition, empirical data,
brainstorming, experience and failures documented as atypical or manufacturing deviations may be
sources for identifying potential process failures. Process controls and actions to reduce risk may be

established by compliance to regulatory requirements and by incorporating historical corrective and

follow up actions taken to reduce risks.

4.1.1 Preparation for the Model

The key to successful use of the model is the quality of the input. The following are considerations

in preparation for the risk assessment to help achieve objectivity and efficiency:

1. Define the problem or risk question, including the scope for the aseptic processing facility,

equipment, system or process to be evaluated.
When defining or stating the problem, the level of detail should be commensurate with the purpose
of the decision. The more specific the problem is, the more precise the question should be. If the
initial discussion becomes unproductive, then going back to the definition statement may be helpful.
Avoid over-analyzing broad questions (i.e., paralysis by analysis).

2. Obtain management support, identify a leader, assemble the team, define responsibilities and

allocate resources.
Select an experienced, objective facilitator who can ensure that the discussion is productive and
provide guidance on the risk-assessment process. Members should exhibit good teamwork skills. The
team should be diverse and include representatives from as many stakeholder functions as practical.
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3. Document all assumptions, scope, boundaries, background and baseline information.
Assumptions should be stated, such as manual filling process, semiautomated process or isolator
technology. Develop or use a process flow diagram and a written description of the aseptic process
that includes decision points, a clearly defined scope and risk assessment boundaries. Remain
within the scope; avoid scope creep. This is another good opportunity to consider the appropriate
level of detail. '

4. Collect process knowledge, historical data, industry practices, standards and guidance documents.

Have up-to-date information available at the start of assessment meetings. For example, filling
process information may include line speed, line capacity/fill duration/ utilization, number and
type of interventions performed, frequency of sterility and endotoxin failures, media fill results,
personnel monitoring and environmental monitoring trends.

5. Specifya timeline, the appropriate level of decision-making needed for the risk assessment and
how it will be documented.

Allow sufficient time to complete the assessment. The time commitment may be one meeting or
several meetings depending on the complexity of the process.

6. Establish a risk ranking system. This should include severity, occurrence and detection. The
system may be quantitative or qualitative; numeric or descriptive.
A qualitative or quantitative system may be used to establish a risk ranking system. Qualitative
system scales may include: high, medium, low or color. The number of choices depends on the

organization and process being assessed. A quantitative system involves numeric values, such as
1-10, with 1 being low and 10 being high. Whichever system is chosen, it should be documented and

used consistently.

Choose a ranking system that is appropriate for the level of analysis needed. Be consistent in the
type and definitions of the ranking system used. Using more ranking categories or number choices
may lead to over-analysis; using fewer choices may result in over-simplification.

An acceptable level of risk may include a level of subjectivity. Ranking should be challenged in order
to confirm its validity.

Table 4.1.1-1 is an example of a qualitative risk-ranking system with accompanying descriptions.
An example of a quantitative ranking system is used in Example 3. For information on qualitative
and quantitative ranking, the reader is referred to current guidance documents (8, 9). -

Table 4.1.1-1  Example of Defining Qualitative Risk Component Raﬁking

everity.

Impact of the unwanted
= eventis severe’:

. The process failure will almost .

“Occurrence is often | : i " dinost
RS TR L certainly escape detection.”

Impact of the unwanted - Occurrenceis | - Controls may detectthe " -
~-eventis moderate . |-- - periodic - | existence of a process failure. -

lmp>actA of the unwanted | - _’._Ocléurrence:is 1 The'processfailuréiis 6bviousf_"f
- eventislow - o} seldom o] - and readily detected. v
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4.1.2 Using the Model

Table 4.1.2-1 is an example of column headings for the FMEA-based model (see 4.2.1.10) used in this
technical report. Information may be added below each column heading to identify, assess and evalu-

ate aseptic processing risks in a logical format and may be modified or rearranged as appropriate.

Table 4.1.2-1 Example of Aseptic Pracessing Risk Assessment Model

o [l w|w|w

(A) REF #

‘This is a sequential number or other logical identifier to facilitate referencing at a later date.

(B) Process Step/Unit Operation

List the process step being evaluated. The process map, SOPs or batch records can provide this infor-
mation. The team should determine how detailed this information needs to be in order to facilitate

the assessment.

(C) Failure (Unwanted Event)
The model idemiﬁcs:

1. sterility assurance and acceptable endotoxin levels as critical quality attributes for injectable

products, and
2. sterility as a critical quality attribute for non-injectable sterile products.

Therefore, the failure is not meeting endotoxin and sterility assurance specifications.

(D) SEV - Severity

Assign a severity value by determining the severity of the failure or unwanted event in relation to
patient safety. For loss of sterility assurance and unacceptable endotoxin levels, the severity is high.
If the model is used for other unwanted events or conditions, the severity of that event or condition

may vary. See Section 4.1.1, Consideration 6, for a discussion of ranking systems.

(E) Causes _
List potential causes of the failures. A cause is a known or foreseeable failure associated with the

aseptic process. There may be multiple causes for each failure type; therefore, they should be listed

individually, since they will be evaluated separately.

(F) OCC — Occurrence

Assign an occurrence value by determining the likelihood that the cause of the failure will happén,
and if it does happen, whether it will result in loss of sterility and/or unacceptable endotoxin levels.
Use historical or empirical data where possible (e.g., process capability data). See Section 4.1.1 (6) for

a discussion of ranking system.
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(G) Current Controls

List the existing procedural or design controls that detect, reduce or eliminate the cause of failure
from occurring. The controls in place should be considered when determining the detection rank-
ing. If there are no controls, the likelihood of detection is low, resulting in a high-risk ranking.

(H) DET - Detectability
Assign a detectability value by determining the detectability of the cause. Detectability is important
because it facilitates the identification and correction of failures before they cause harm to the patient.

Bvaluate detection by determining the likelihood that the cause will be detected prior to product
release. The same type of ranking system should be used for detectability as for severity and occur-
rence. Be as objective as possible in ranking the likelihood of detection. Use historical or empirical
data where possible.

Note: The ranking system for Detectability is the reverse of the Severity and Occurrence ratings. A
high detectability has a low ranking. See Section 4.1.1 (6) for a discussion of ranking systems.

(1) RPR - Risk Prioritization Ranking

Risk prioritization ranking is a method of evaluating the overall risk of the process step or item by
combining individual risk values. If a quantitative or numeric system is used, this combination can
be a matter of multiplying values. [n this case, the RPR may be described as an RPN.

However, if a qualitative or descriptive system is used, the RPR becomes a combination of the
descriptive values. The RPR may be somewhat intuitive and should be determined prior to start-
ing the assessment. (For example, in the aseptic process model, Severity will, by definition, always
be high. Therefore it remains constant.) ‘The RPR then becomes a combination of Occurrence
and Detection. The example provided in Table 4.1.2-2 uses three values: high, medium and low;
however, lack of granularity makes the ranking more subjective.

Table 4.1.2-2 Example of Determination of Risk Priority Ranking

v

This cause is likely to occur, but
when it does, it will be detected. If
we are certain it will be detected,
it is Low Risk, but if we are
not certain then it should be a
Medium Risk.

This cause could occur, but if
it did, it would be detected.
Depending on the frequency of
occurrence and the confidence
in the detection, it is a Low or a
Medium Risk.

This cause could occur, and it

could be detected. Depending
on our confidence in the :
detection, its risk would be -
Medium or High {

The cause is not likely to
occur, and if it did, it may be | The cause is not likely to
detected. Depending on the occur, but if it did occur,
frequency of occurrence and it probably would not he

the confidence in detection detected. The Risk is
methods, it would be a Low or Medium.
Medium Risk.
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(J) Risk Accepted?
Risk acceptance is based on several criteria, such as product use, process performance trends,
confidence in control systems and training, confidence or robustness of process and controls and

regulatory climate. If the level of risk is not acceptable, actions should be taken to reduce the level
of risk.

(K) Recommended Actions

If the risk level is accepted or acceptable, the evaluation for that process step is finished. If the risk

level is not accepted, any of the following may occur:

* Recommendations are made to modify the process to reduce the risk to an acceptable level.
* The method of detection is enhanced to reduce the risk to an acceptable level.

* Anew process is employed that has acceptable risk.

The next step is to determine actions required to reduce risk to an acceptable level, This model and
its application to aseptic processing does not allow a reduction of Severity as a way to reduce risk,
since loss of sterility assurance or unacceptable endotoxin levels always remains high. Therefore, risk
reduction actions involve reducing occurrence or increasing detection. Preference should be given to
reducing the occurrence rather than increasing the level of detection.

Note: Changes to the process may introduce new risks that may impact quality attributes that need
to be assessed. In a residual risk assessment, consideration should be given to the possibility that new
risks may have been introduced that are outside the scope of the original risk assessment.

(L) Ranking After Actions

Once the actions or process changes have been made, another assessment should be performed to
determine if the risk has been reduced to an acceptable level. If the risk level is accepted or accept-

able, then the evaluatlon for that process step is finished.

4.2 FMEA Model Examples

The following examples use a modified FMEA model that contains content chosen to illustrate
concepts previously introduced. The examples are hypothetical situations and are not intended to
represent actual manufacturing conditions or provide commentary or guidancé on aseptic process-
ing. Certain assumptions have been made in the development of these examples to better illustrate

use of this model as a risk assessment tool. :
¢

Risk rankings and classifications are presented as examples only. Risk rankings and classifications

should be independently developed based upon the organization’s interpretation of risk potential

that is most appropriate for their application.

In order to demonstrate the flexibility of this model, two addmonal examples are provided in the

Appendix with a brief overview.

4.2.1 Risk Assessment for Lyophilized Vial Capping - Example One

In anticipation of a proposed regulatory requirement change, an assessment is made to evaluate
potential risk of nonsterility associated with performing final capping of a lyophilized vial in a non-

Grade A environment. (See Section 4.2.1.10.)
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Process Description: A lyophilizer cabinet has been validated with an established leak rate. The
lyophilizer is purged with sterile filtered air prior to and at the end of the cycle while still under slight
vacuum. Then the final stoppering step takes place.

The lyophilizer chamber trays of vials with fully seated stoppers are manually unloaded and trans-
ferred to a capping machine located in a non-Grade A environment. The capping machine does not
incorporate a raised-stopper detection device at the in-feed. The capping machine can potentially
damage vials (with cracks and/or breaks) during mechanical handling. It also could dislodge and
then reseat stoppers during the capping operation. Stoppers are known to dislodge if excess silicone

is applied to them, and adequate controls are in place to prevent this from occurring.

Fully stoppered vials, capped and uncapped, have demonstrated satisfactory container-closure integ-
rity. Stopper and vial specification ranges for dimensions are validated for container-closure integrity
(with and without cap) and verified upon receipt (incoming Quality Unit). Media fills are monitored,
which includes the allowed process hold time between the stoppering and capping steps. 'The stop-

pered and capped vials are 100% visually inspected by personnel for visual container defects.

The highlighted areas of Figure 4.2.1-1 depict the focus of this risk assessment example. The process
steps addressed are stoppering and lyophilization operations, including: opening and unloading the
lyophilizer chamber, transferring trays of vials to the capper, and capping, It is assumed that the
stoppers are all seated in the vials under prescribed partial vacuum during the final stoppering step
while inside the aseptic environment of the lyophilizer.

Figure 4.2.1-1 Process Flow Diagram for Lyophilized Vial Capping — Example One Model

Stoppers, vials and caps |
| received on-site
Stoppers are washed, ] ¢
Aseptic filling ~ silicone added, and <t e )
ahdl | sterilized/depyrogenated J ;
o Incoming
partial stopper b i A quality unit
application R LS :
(Grade A) : Vials are washedand . )
> * : sterilized/depyrogenated ¢
Vials loaded Cap storage
onto trays and handling
(Graie A) ] {Non-Grade A)
Lyophilization | Process steps subject to this risk assessment
and final stoppering
in sterilized : ;
; Opening Tray removal, handling L
environment under ——> obhibar —Pp e —» Capping
slight vacuum
with sterile
air purge

100% Visual Inspection

'

( End )
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4.2.1.1 Risk Assessment

A simplified process description and process flow diagram was first prepared to define the problem,
scope and assessment boundary (see Figure 4.2.1-1). This was found to be essential to help guide and
focus the team discussion. The team found thatitneeded to frequently update the process description
and flow diagram when new information became available throughout the risk assessment process.

4.2.1.2 Risk ldentification

The team decided to perform the risk assessment by unit operation. For each unit operation, the
team brainstormed to identify potential causes that could lead to non- sterility. The Severity rating
of potential failures remained high, which is consistent with the model.

Existing controls were then identified. These controls could be either engineering (mechanical/
electronic) or procedural (training)-type controls to prevent defective product from being released
to the market and impacting patient health. (Refer to columns entitled “Process Step,” “Causes/
Process Failure” and “Current Controls” in Section 4.2.1.10.)

4.2.1.3 Risk Analysis

Severity, Occurrence (Likelihood) and Detection were assigned values proportional to the estima-
tion of risk for cach cause or process failure. The resulting risk ranking assignments were then
entered into spreadsheet columns “OCC” (occurrence) and “DET” (detection). It was found helptul
to use a red-yellow-green color scheme in addition to the descriptor to provide a visual aid to better

identify risk levels as shown in Table 4.2.1.3-1.

Severity

Occurrence

"_The"(;a’uls:e,"if it occurs
- may be detected by

Detection - may Y
~ existing controls. |
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4.2.1.4 Risk Evaluation

The three risk rankings were then evaluated to determine the overall RPR according to Table
4.2.1.4-1 (assumes a Severity ranking of High).

The resulting RPR is entered into the spreadsheet column “RPR,” and the decision whether to accept
this risk (without further reduction) is entered into the column entitled, “Risk Accepted?”

Table 4.2.1.4-1 Example of Risk Evaluation Ranking for Lyophilized Vial Capping Process

7

(High likelihood failure (itis not likely failure

will be detected) will be detected)
High Medium

Medium Medium

Low Medium

4.2.1.5 Risk Control

The team decided not to accept risks for process steps two and three and to initiate risk reduction
measures.

4.2.1.6 Risk Reduction

The team then discussed means to reduce the risk of the unwanted events with high or medium
RPR’s. Preference was given to adding additional engineering controls instead of procedural
controls whenever possible, because mechanical/electronic controls are more reliable than human-
based controls. :

4.2.1.7 Risk Acceptance

Risk reduction steps recommended by the team were entered into the spreadsheet column entitled,
“Recommended Actions.” Based on implementation of these additional controls, the RPR was recal-
culated using the new Severity, Occurrence and Detection rankings. If the resulting RPR is still high
or medium after reduction steps are taken, then a decision would need to be made to accept the
residual risk or implement further actions. In this case, the residual risk was due to the continuation
of manual operations of loading and unloading the lyophilization cabinet.

The team determined that the potential risk of capping final-stoppered lyophilized vials in a non-
Grade A environment can be successfully reduced through the addition of a raised-stopper detection
device at the capper in-feed and by implementing a 100% vial head-space analysis leak test after
the capping step. Performing the capping step in a Grade A environment without making these
other changes might reduce the occurrence of sterility failures; however, it would not impact detec-
tion, and the overall risk was medium. If capper controls and design changes were implemented to
improve capper operation, then the combination of these remedial actions would reduce the overall
risk to low, regardless of the change to a Grade A environment.
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4.2.1.8 Risk Communication
A summary report containing a flow chart of unit operations, risk method used, risks identified,

areas of high risks, principles of control measures, a list of residual risks and the completed risk

assessment report was forwarded by the team to senior management for review.

4.2.1.9 Risk Review

A review will be performed after a defined period of time to ensure that the recommended steps
were effective in lowering the risk and have not introduced new risks to the process.

Additional reviews and updates will be performed in response to change control or upon discovery

of significant new information or data (e.g., failures, deviations, investigations, CAPAs).

4.2.1.10 Risk Assessment for Lyophilized Vial Capping - Example One Model
Table 4.2.1.10 (opposite page) is an example of the model using the FMEA approach discussed

above that reflects the risk assessment made and its outcome.
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Table 4.2.1.10 Risk Assessment for Lyophilized Vial Capping — Example One Model

REF|
There is nb
X reasonable
Open cause of
lyophilizer ety N/A
hamber failure due to
opening the
Iyophilizer
chamber
Remove :
trays from f:rr %f:ﬁggs?;gg;ﬁ NO Add 100% mecl]anical
lvtt:g:::;z?r Lack of Stoppers are verffication of stopper The vaen s‘”g;’g;;’,i‘,ﬁ;‘gg‘ i
| traysto sterility dislodged or M | presence, positioning happens and i o .
i J | assurance missing (Qualification studies itisnoteasil || 2SO HICIEase e
capper an S i likelihood of detection and
| load trays mgitcate this is 2 detected) therefore reduce the risk)
| into capper potential process failure}
Redesign handling system
i to eliminate cause
2 (This modification would
decrease the likelihood of
the cause from occurring,
therefore reducing the risk)
Combine Actions from #2
; and #2a
100% visual (manual) | NG
: i inspection after capping | :
Cap vials Aok ot Vualsbari cra:’cked ! pec. oAk f]p g | (Small cracks | Upgrade capper controls to
using the g D G Equipment and line under cap may | improve control over gripping
5 stenhty to overpressure ] setup pmcgdures {caus: by
capfgng assurance { during mechanical recagnition) 3 not be detected | and lt_;a;‘)pmg %ressure and
machine. ; : i i eliminate the cause.
handling. Equipment PM, calibeation | uségatfgg‘;m n >
and line checks 2
: NO -
Stoppers dislodged {Dislodged
and then reseated : stopper may be
during capping. Equipment and line reseated during |  mprove design of capper
(Typically thisis [M |  setup pracedures capping and | to eliminate the possibility of |
caused by high | (cause recognition) therefore could this cause.
stoppers going into go undetected
the capping step.} using current
controls.}
Implement 100% testing for
i presence of vacuum.
b (This increases the likelihood
of detecting the cause, thus
reducing the risk of the
unwanted event.)
Perfarm capping operation in
Grade A environment
i (This would decrease the
dc likelihood that if the cause
: oceurs it will result in an
unwanted event, thus
decreasing its risk.)
Combine actions from #3, 3a |
e and 3b.
3d (This would reduce occurrenc

and increase the likelihood of |
detection, therefore further |
reducing risk.}
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4.2.2 Risk Assessment for Exceeding Endotoxin Levels — Example Two

This example evaluates the potential risk of exceeding acceptable endotoxin levels in a finished prod-
uct. There are many potential sources of bioburden and risk of introduction of endotoxin in the
manufacturing process. This example focuses on component or raw material endotoxin sources.
A cross-functional team was established to proactively audit and assess the risk of incoming raw
materials and components. The team consisted of representatives from engineering, manufacturing,
technical support, microbiology, validation, quality assurance and quality control to conduct the risk

assessment.

Process Description: Dry powder raw materials and components are purchased from an outside
approved supplier. They are received in plastic bags and stored in the warehouse upon receipt in their
original shipping containers. They remain in the warehouse until needed to manufacture the product.

The quality unit samples the raw material and closures using established procedures and qualified
sampling aids. The quality unit tests the materials for endotoxin using qualified methods and instru-
ments. All quality analysts are trained to perform their assigned tasks. The raw materials and closures
are released for use only if they meet established test specifications. |

According to the batch record instructions, the dry powder raw material is dissolved in Water for
Injection (WFI) in a tank prepared with a qualified clean and steam-in-place process. The final solu-

tion is sterile filtered for filling into the final containers.

The process steps in this example risk assessment have been highlighted in Figure 4.2.2.-1 (on
opposite page).

Prior to use in processing, the rubber closures are rinsed with WFI to reduce endotoxin to an accept-

able level and are sterilized in-house using a validated manual process. The glassware is depyrogenated
using a validated dry-heat process. Operating instructions are documented and operators are trajned.

There is a vendor audit program in place. Periodically, the vendors are audited to ensure that the
materials are manufactured using standards that meet Good Manufacturing Practices (GMP).

4.2.2.1 Risk Assessment

For the purposes of this risk assessment, the only areas being reviewed are component and raw mate-
rial failure. Potentia] causes of failures are: dry powder raw material and rubber stopper closures.

4.2.2.2 Risk ldentification

The team brainstormed to identify the potential causes for an endotoxin failure relating to incoming
raw material and rubber-stopper closure components. Potential process failures identified were:

« Incoming powder raw material is contaminated with endotoxin.
« Incoming closures are contaminated with endotoxin.

+ Closures are not properly depyrogenated.

These are listed individually in the column entitled, “Causes/Process Failure” in the model (see 4.2.2.10).

Existing controls were then identified. In this example, controls were identified as steps taken to
monitor levels of endotoxin on incoming components, reduce endotoxin levels on incoming compo-
nents or control the conditions that may support endotoxin production. The existing controis for

each cause was listed in the column entitled, “Existing Controls.”
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Figure 4.2.2-1 Process Flow Diagram of Operation — Example Two Model

Process Steps Subject to This Risk Assessment
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Vardor [ Materials
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in-house
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(Stoppering/Capping)
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Packaging
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4.2.2.3 Risk Analysis

For cach potential failure cause, the Severity, Occurrence (Likelihood) and Detection were assigned
values proportional to the estimation of the risk. Severity (SEV) is always ranked “high,” because a
component that exceeds acceptable endotoxin levels will always impact patient health and safety.

The resulting risk-ranking values were then entered into spreadsheet columns “OCC” (occurrence)
and “DET” (detection). The rationale for the rank assignment was included in the column. As in the
first example, it was found to be helpful to use a red-yellow-green color scheme with the descriptor
to provide a visual aid to identify risk levels.

The team developed the definitions provided in Table 4.2.2.3-1 for each area of risk ranking.

Table 4.2.2.3-1  Risk Ranking Assignment for Endotoxin Failure Risk Assessment — Example Two Model

Medium

Process failure is indirect, |
moderate or will have a |
slight impact to patient

health; harmful but
not life threatening.

Severity

Process failure occurs
occasionally, but not

geeurionge often; and may result in
the unwanted event.
If the process failure
: occurs, it may be
Rataction detected with

existing controls,

4.2.2.4 Risk Evaluation

The three risk rankings were then evaluated to determine the overall RPR according to 'Table
4.2.2.4-1. Severity ranking is always “high” for endotoxin contamination that exceeds acceptable
levels because of the direct and severe impact to patient health.

Table 4.2.2.4-1  Risk Prioritization Ranking for Endotoxin Failure Risk Assessment — Example Two Model

Low High
(high level of Medium (low level of
detectability) detectability)
§ High Medium
g :
E Medium Medium
P Low - Medium
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The resulting RPR is entered into the spreadsheet column entitled, “RPR,” and the decision whether
to accept this risk (without further reduction) is entered into column “Risk Accepted (Yes/No).”
The team determined that risks with a ranking of “high” were not acceptable and presented the

following findings:

* Incoming powder raw material is contaminated with endotoxin: The RPR was determined
to be “high.” The occurrence was ranked as “medium.” The incoming endotoxin levels in the
raw material varied from lot to lot. The manufacturing process of the raw material may not
have been designed to control endotoxin; therefore, the process was not qualified to produce
a consistent quality of raw material in terms of endotoxin. The detection was ranked “high,
because typically endotoxin is not evenly distributed in a powder material and may be missed
by a small sample size or a small number of samples. A risk with an RPR of “high” is not an
acceptable risk level.
Incoming closures are contaminated with endotoxin: The RPR was determined to be
“high.” The occurrence was ranked as “medium,” because the vendor’s handling and storage
of the components may not have been designed to adequately prevent endotoxin contamina-
tion. The detection is ranked as “high.” Endotoxin may not be easily detected by routine
test-sample preparation methods. In addition, the endotoxin may not be evenly dispersed
throughout the batch of rubber closures, and random sampling for testing may not capture
isolated contamination. A risk with an RPR of “high” is not acceptable.

+ Closures are not properly depyrogenated: The RPR was determined to be “high.” The
occurrence was ranked as “medium” because historically, occasional endotoxin failures have
occurred with manual processes. The detection was ranked as “medium” because finished
product testing is qualified, but testing is performed on a small number of samples.

4.2.2.5 Risk Control

Risk control requires an initial decision whether to reduce or accept the overall risk based on the

RPR. The risk in each case was not acceptable.

4.2.2.6 Risk Reduction

The team then discussed means to further reduce risk for each cause of failure.

* Incoming powder raw material is contaminated with endotoxin: A vendor audit may
be conducted to review the manufacturing process. As needed, engineering and technical
support departments would work with the vendor to design an endotoxin reduction step and
to qualify the entire manufacturing process. The recommendations were added to the “Risk
Controls” column on the model. With these controls in place, the occurrence was reduced to
a risk ranking of “low.” Detection remained “high,” since no effective controls were identified.

Incoming closures are contaminated with endotoxin: The team decided that an audit of
the vendor may be conducted to ensure that the components manufacturer has adequate
manufacturing, storage and handling controls. Engineering and technical support will work
with the vendor to address recommended improvements in the vendor’s manufacturing
process, as needed. The test sample preparation method will be assessed and requalified (if
necessary) to ensure improved detection of endotoxin. The recommendations were added to
the “Risk Controls” column on the model With these controls in place, the occurrence and

»
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« Closures are not properly depyrogenated: The team decided that engineering and technical
support departments would purchase and qualify automated closure-washing equipment-
to replace the manual rinsing as an endotoxin reduction process. A qualified, automated
system will increase the reliability of this step. Asa backup measure, quality and technical
support would determine and qualify a vendor to supply sterile and depyrogenated closures.
The number of finished product samples for endotoxin testing were increased. An increased
number of samples increases the likelihood that the endotoxin will be detected. The recom-
mendations were added to the “Risk Controls” column on the model. With these controls in
place, the occurrence and detection. were reduced to a risk ranking of “low.”

4.2.2.7 Risk Acceptance

The RPR was recalculated using the Occurrence and Detection rankings after reduction. (Note
that Severity always remains “high.”) In the case of Cause 1 (incoming raw material contamina-
tion), occurrence was reduced to “low” and detection remained “high,” making the resulting RPR
“medium.” The team decided not to accept this risk and to take actions to increase the level of detec-
tion. Therefore, additional process improvements in the form of new technology and continuous

monitoring were recommended.
In the case of Cause 2 (incoming closure contamination), the RPR has a risk ranking of “medium,”
which was accepted because steps were implemented to improve detection. As a result, no addi-

tional controls were required.

In the case of Cause 3 (improper closure depyrogenation), the RPR became a risk ranking of “low.”
The team decided that a risk ranking of “low” was acceptable, and no further controls were required. -

4.2.2.8 Risk Communication
A summary of the identified high risks, recommendations, actions implemented and residual risk

was forwarded to management for review and approval. Risk assessment documentation will be

maintained and is subject to change control.

4.2.2.9 Risk Review

A review will be performed after a defined period of time to ensure that the recommended actions
were effective in lowering the risk and have not introduced new risk to the process.

Reviews and updates will be performed based on events and in response to change control or
discovery:of significant new information or data (for example, failures, deviations, investigations

and other CAPAs).

4.2.2.10 Risk Assessment for Exceeding Endotoxin Levels — Example Two Model
Table 4.2.2.10 (opposite page) is an example of the model using the FMEA approach that reflects the

risk assessment made and its outcome.
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Relative to other pharmaceutical processes, the manufacture of sterile products using aseptic
processing is inherently high risk. This is due to the impact on the patient because of potential
sterility failures and unacceptable endotoxin levels. Control of sterility assurance and endotoxin
levels presents a challenge to the pharmaceutical industry and to regulators reviewing risk studies.
Managing risk of failures and knowledge of residual risk is essential to an effective aseptic processing

quality program.

Quality risk management is a useful process for decision-making during process development, facil-
ity design, equipment selection, change control and failure investigation, as well as validation activity
planning and prioritization. As demonstrated in the model presented by this task force, this process
is an effective means of assessing, controlling and reviewing risk in aseptic processing.

The models and examples provide practical suggestions on risk assessment and are not meant to be’

all inclusive or exclusive.

The approach used for quality risk management should be practical, useful, not overly burdensome
and commensurate to the task at hand. It is important to remain objective when evaluating process
steps in order to avoid preconceived notions and conclusions and to resist using the risk assessment

process to justify opinions and desired results.

It is important to understand the purpose of the risk assessment. Risk assessments should not be
performed solely to satisfy a procedural requirement. Instead, the outcome of the risk assessment
should be used as one piece of the information guiding quality-related decisions.

The sole purpose of quality risk management should not be simply to assess and communicate risk.
Recognizing, yet ignoring risk is not productive. Organizations should facilitate methods to use the
concepts and principles presented in this report and other publications to make better decisions
and improve the efficiency and effectiveness of their operations. The ultimate goal of quality risk
management should be to reduce risk, understand residual risk, improve the effectiveness of the

process, preserve the quality of the product, and maintain patient safety.
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Appendix
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The following two examples illustrate the flexibility of the risk assessment model described in
Section 4.1 of this report by using a modified version of the spreadsheet. In addition, the third

example uses an RPN “scoring” method for determining risk.

6.1 Risk Assessment of Aseptic Filling — Example Three

This example uses an alternate method of risk scoring known as an RPN. RPN scoring may be a
more appropriate scoring technique when the team wishes to quantitatively rank risks that have been
identified. The RPN scoring used in this example is for illustrative purposes only and should be inde-

pendently developed based upon the organization’s interpretation of risk potential for their application.

Process Description: This case study focuses on a high-speed, conventional aseptic filling line.
In the initial design of the line, operations had to be performed manually, resulting in numerous
manual interventions per shift. For example, vial stoppers were added manually, requiring frequent
intrusions into the Grade A environment. For every human intervention, there is an increased risk
of contamination. The larger the number of interventions, the greater the risk of potential sources

of contamination that could lead to a sterility failure.

To help assess the risks and improve the filling-line design, environmental monitoring was used to
detect and quantify particulates. The intent was to focus resources on the operations with the great-

est risk, and then identify specific redesigns or procedural controls to reduce the risk.

6.1.1 Risk Priority Number Determination

The model will be used to assess and reduce the risks for specific process steps that may contribute
to a contamination failure. An RPN would be calculated for each of the operations in this filling line,
as depicted in Figure 6.1.1-1. With this level of specificity, a semi-quantitative approach has been
chosen using numerical values, and an RPN is calculated. The RPN is calculated using Severity x

Occurrence % Detection. In this example, the unwanted event is the loss of sterility assurance.

Figure 6.1.1-1 — RPN Ranges

- —

Severity X
Qceurrence X
Detection
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6.1.1.1 Severity

Severity has been assigned a value of 10. Events contributing to the loss of sterility assurance will
always be considered very high (10) because of the direct and severe impact to the patient.

6.1.1.2 Occurrence
It is difficult to quantify the correlation between the impact of personnel intervention and sterility

failure. However, in an effort to demonstrate the use of the model, the number of interventions in
critical areas was assessed. In this example, incursions into the Grade A area to refill a stopper bowl
was one of the operations evaluated. Occurrence in this model was determined as follows:

(8-10)  The number of inventions is frequent (more than one per hour) in critical areas.
(4-7) The number of interventions is less frequent (less than one per hour) in critical areas.
(1-3) The number of interventions is infrequent (less than one per shift) in critical areas.

6.1.1.3 Detection
Environmental monitoring of particulates was used for detection to help quantify risk. The assump-

tion is that the greater the number of particulates generated for a particular operation, the greater
the risk to sterility. Better or more frequent testing of these particulates would improve detection
and lower the risk. Detection in this model was determined as follows:

(8-10)  Intermittent manual testing of critical areas
(4-7)  Intermittent automated testing with probes in critical areas (close proximity)

(1-3)  Continuous automated testing with independent probes placed in critical areas

(close proximity)

6.1.2 Risk Assessment
The initial assessment (model row #1) indicates that the use of a manual stopper-feed system requires

many interventions and poses an inherently high risk. Intermittent manual testing for particulates in
critical areas is not a robust method, therefore detection is low, and an RPN of 560 is calculated.

6.1.3 Risk Acceptance

For the purposes of this assessment, an initial risk acceptance RPN of 100 has been established as the
target risk acceptance value. This acceptance value will be reassessed periodically to further reduce
risk in this aseptic process. Therefore, the RPN of 560 for this process step is not accepted.

6.1.4 Risk Reduction

The assessment team then identified three possible means to reduce the risk. These included: better
aseptic technique training, enhanced environmental monitoring, and a larger, automated hopper
placed outside the enclosure. Note that other steps to reduce risk may be identified by the reader;
however, these steps were chosen to illustrate use of the model for simplicity.

An assessment of these risk reduction steps are presented in the model. Only the use of the auto-
mated hopper (which reduced the number of interventions) and improved environmental monitoring
resulted in an acceptable RPN. However, the use of the hopper may pose additional risks.

In process Step #2, the team assessed the impact of installing a larger, semi-automated stopper bowl
" and determined that the residual risk was found to be acceptable. Note that the use of the larger
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6.1.5 Ongoing Risk Evaluation and Acceptance

The decision of this team was to put the automated hopper into permanent use. The team will
continue to evaluate other manual interventions that are performed frequently during the filling
operation. In this example, intermittent automated sampling for detection was sufficient to assess
risk. Improved detection by installing continuous automated testing may be necessary to further
assess and differentiate risks with other manual interventions in the filling process.

Once implemented, a periodic review of process performance is conducted to determine if the
recommendations made by the assessment team are effective, and if they are not, what steps may be

necessary to further reduce residual risk.

6.1.6 Risk Assessment of Aseptic Filling — Example Three Model
Table 6.1.6 (opposite page) is an example of the model usifxg the FMEA approach that reflects the

risk assessment made and its outcome.
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Table 6.1.6 Risk Assessment of Aseptic Filling — Example Three Model

g A - T DT E S e — o
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6.2 Risk Assessment of Autoclave Failure - Example Four

This autoclave failure example depicts a comprehensive evaluation of various process failures. In
addition, the model includes a column to identify the quality systems associated with the process
failures. The risk assessment model used for this example is comparable to the exceeding of ' '
endotoxin levels (Example 2), in which process steps are categorized as a guide in performing the

risk assessment.

Process Description
In this example, the unwanted event is a sterility failure that has occurred. The autoclave sterilization

process used to support the filling operation has been identitied as one step of the aseptic process,
which, if it failed, could be the cause of the sterility failure. Process step failures associated with the
autoclave use were considered for each category (personnel, process, equipment, primary packag-

ing, component and facility/utility) listed in the model.

For the “personnel” category, the causes were those identified with the use of the autoclave and
personnel’s performance impact on the sterilization process. For example, if an item is wrapped
with the wrong material or loaded in a way that has not been validated to allow steam penetration,
there is the likelihood that the items will not be successfully sterilized, regardless of the proper func-

tioning of the autoclave.

For the “process” category, the causes were those identified with the autoclave cycle and the factors
that support a successful sterilization cycle. For example, if the cycle deviates from the validated
parameters of time, temperature and pressure, product quélity may be impacted. It was noted that
changing the process related to sterility assurance (i.e., resetting sterilization dwell time based on
low temperature) may result in additional risk to other product quality attributes. Therefore, it is
recommended that a risk assessment be performed on the revised process with regard to the poten-
tial impact to product quality. ‘ :

For the “equipment” category, the causes were those directly related to the functioning of the auto-
clave. For “facilities/ utilities,” the causes identified were those related to the steam supply, which is
required to support the sterilization process. “Primary packaging” failure and “component” failure
do not apply in this example. ' :

The risk rankings were determined based on Table 4.2.2.4-1 in Example 2. Severity ranking is always
“high” for a sterility failure. The resulting RPR was entered into the “Risk” column and the decision

whether to accept the risk was entered in the “Risk Accepted (Yes/No)” column of the model. The
risk assessment team determined that risks with a ranking of “high” or “medium” were not accept-

able and further action to reduce the risk would be taken.

6.2.1 Risk Assessment for Autoclave Failure — Example Four Model
The following table is an example of the model using the FMEA approach that reflects the risk

assessment made and its outcome.
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