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ABSTRACT
The past ten years since the finalisation of ICH Q9 have seen significant efforts by industry and regulators to increase use of
risk-based approaches in pharmaceutical applications. The GMPs, in particular, have undergone very significant changes to
reflect the concepts of QRM, both in the US and EU. Despite these efforts, the question remains as to whether medicines are
any safer now than they were when the ICH Q9 guideline was originally introduced. This paper discusses GMP and product
quality considerations relative to QRM.
From my own perspective, it seems that many of the issues we had before 2005 are still with us, and historical evidence
indicates that certain types of problems are increasing. Some of these relate to serious quality defects, product recalls, and
product shortages. Quantitative historical data are provided and specific case studies are presented. While many factors may
have contributed to increases, published data are significant and of serious concern. Why has this occurred?
Four key problems seem to be prevalent across the industry with respect to its approaches to risk assessment and QRM work
in general are discussed.
Lack of good science
Too little rigour
Poor management of knowledge
Overuse of formal risk assessments.
Five suggestions for improvements in how to improve our approaches to QRM are proposed:
Develop QRM Certification Programmes utilising related research
Work to Better Understand Informal vs. Formal Risk Assessment
Utilise Knowledge Management (KM) in QRM
More Focus on Science
Apply Increased Rigour

While there is much food for thought for the pharmaceutical manufacturing sector presented here, it is important to also
recognise that problem issues cited in this paper also apply to the GMP inspectorates and their wider National Competent
Authorities that regulate that sector. Within competent authorities, work including associated training is already underway to
address a number of these challenges. The pharmaceutical manufacturing sector should also consider what advanced
training and learning it requires to better achieve QRM benefits.
It is within a spirit of openness and reflection that this paper seeks to present these ideas for discussion and debate.

INTRODUCTION—TEN YEARS OF QRM DEVELOPMENTS
Over the past ten years since the finalisation of ICH Q9 (1), there have been significant efforts by industry and regulators to
increase use of risk-based approaches in pharmaceutical applications. This has included initiatives by regulators to update
the GMPs and other official guidance documents to incorporate increased provisions relating to risk and its management (211), and the publication of an array of industry-led publication, guides, and technical reports from PDA, ISPE, ASTM, and
others. These offer practical guidance for how to implement the concepts of Quality Risk Management (QRM) in the GMP
environment (12–18). There have also been many papers and studies published in the literature in this area (19–26).
The GMPs, in particular, have undergone very significant changes to reflect the concepts of QRM. In the US, FDA has
undertaken many initiatives to incorporate risk-based concepts and requirements into its regulatory guidances and to
encourage innovation and modernisation in GMP. This work started well before 2005 when ICH Q9 was finalised. Its 21st
Century initiative (2) led the way, resulting in many useful and innovative guidances for industry such as the Process Analytical
Technology (PAT) guidance of 2004 (3). This placed a heavy emphasis on risk analysis and its role in supporting PAT
applications. The modernisation work led by FDA continues, and their influential 2011 guidance for industry on process
validation included a heavy emphasis on QRM (4).
The EU has similarly revamped its regulatory requirements to incorporate the principles of QRM. Changes range from the
new risk-based Pharmaceutical Quality System requirements (2008 and 2013 revisions to Chapter 1 of the EU GMP Guide) to
the new supply chain provisions introduced into Chapter 5 (Production) in March 2015 (5). The latter now requires the level of
supervision of suppliers of starting materials to be proportionate to the risks posedby the individual materials. Chapter 8,
Complaints and Recalls, underwent a very significant revision in March 2013; it was entirely rewritten to incorporate the
concepts of risk assessment and QRM. For example, Chapter 8 now formally addresses the need for risk-based decision
making and risk-reducing actions in response to quality defect issues (5). In the area of qualification and validation, the
October 2015 revision of Annex 15 to the EU Guide for the first time officially linked process parameter criticality with risk
assessment work. It stated that the basis by which process parameters and quality attributes are identified as critical or noncritical should be clearly documented, taking into account the results of any risk assessment activities (5).
There is no doubt that ICH Q9 has had a significant impact on the pharmaceutical sector. Together with ICH Q8, 10 and 11,
major advancements in the modernisation of the GMPs to reflect risk-based concepts in almost all areas of GMP have
resulted. However, the question remains as to whether medicines are any safer now than they were when the ICH Q9
guideline was introduced ten years ago. While there are many different areas one could study when considering this question
such as pharmacovigilance data, Marketing Authorisation withdrawals and drug shortages, the focus of this paper is on GMP
and specifically on product quality considerations.

LOOKING FOR THE ADDED VALUE FOR PATIENTS
The aforementioned regulatory and industry initiatives each had product quality and patient safety as their overall focus, and
they promoted the increased use of risk assessment and QRM in the GMP environment. But, it is important that we ask
ourselves some hard questions in relation to what has been achieved for patients, such as:
Has all this risk assessment and QRM work delivered the expected benefits?
Has ICH Q9 been implemented as intended?
And the ultimate question:
Are medicines safer now than they were ten years ago before ICH Q9?

From my own perspective, it seems that many of the issues we had before 2005 are still with us (27, 28), and evidence
indicates that certain types of problems are increasing. For a useful discussion on this area, see the review presented by
Waldron in 2015 (28). Some of these relate to:
Serious quality defects and product recalls continuing to occur globally;
MA non-compliance issues sometimes resulting in the cessation of batch release
Product shortages as a result of serious GMP failures.
Looking at quality defect data alone, it is interesting to see the increasing trend seen at the HPRA over the last ten years, as
shown in Figure 1 and Table 1 below.

Figure 1: Serious (Major and Critical) Quality Defects Reported to HPRA, Ireland, 2004-2014 (Source: HPRA 2015)

Table 1: Quality Defects & Recall Statistics, HPRA, Ireland, 2005-2014 (Source: HPRA 2015)
Quality Defect data from the EMA on Centralised Products also indicates an increase in reported suspected Quality Defects
between 1999 and June 2014 as shown in Figure 2.

Figure 2: Reported Suspected Quality Defects on Centralised Products, 1999 – June 2014 (Source: EMA, 2015)
There are probably many factors at play behind the increases in quality defect reports seen in the last ten years. These
include higher levels of reporting of quality defects by manufacturers, and possibly more products in the marketplace, among
others. It is important that such data be carefully studied and evaluated to draw scientific conclusions from the data set.
Formal research projects are currently underway in Ireland and at the EMA to do just that, via HPRA, Regulatory Science
Ireland and EMA initiatives. However, in my opinion, these factors alone probably do not fully explain the increasing trends
that have been seen, and factors related to globalisation of the supply chain resulting in increased complexity and thus in more
opportunity for processes to fail may also be important. Either way, the data above are significant and give serious rise to
concern.
Specific Examples
Some examples of serious quality defect issues investigated by HPRA in recent years include:
Product mix-up issues. In March 2015, lipid and aqueous units intended for a 600g neonatal baby were incorrectly
labelled. In August 2015, 60mg tablets were packed in 30mg packs of a duloxetine medicine.
Faulty/Defective batches. In 2012-2014 there were reports that indicated that certain adrenaline auto-injector pens,
used during a life-threatening anaphylactic reaction, might deliver no dose or a reduced dose.
Packaging and labelling issues. In 2013, the wrong colour coding was used on vials of Methotrexate. In 2014,
important pregnancy prevention information was missing from the package leaflet of a medicine that was teratogenic in
nature.
Sterility assurance and product contamination issues. In 2015 and earlier, various sterility assurance concerns,
such as from recurring media fill failures at manufacturing sites, were identified leading to batch recalls. In addition,
there has been various product contamination incidents reported, such as glass particles in vials, mould contamination

in tablets, and others.
When one considers the fact that most of these defective batches were manufactured using qualified equipment, trained staff,
and validated manufacturing processes, one has to question what is happening.
Have the manufacturing and control processes currently in place been properly risk assessed, and have they been
designed using QRM principles?
Were qualification and validation activities actually based on risk, as required by Annex 15 of the EU GMPs? If so,
why are defective batches of medicines still being produced, with the same kind of defects over and over – product
contamination, mix-ups, labelling errors, etc.?
What areas need attention in the QRM activities at manufacturing sites?

QRM AND RISK ASSESSMENT INSPECTION DEFICIENCIES
GMP Inspectors have noted an increasing use of risk assessment and QRM activities at sites since ICH Q9 was finalised in
2005. From my own experience, risk assessment and control have been the areas that have received greatest attention at
sites, with risk review, risk communication lagging somewhat behind. While some good practices have been seen in these
areas, significant concerns remain, especially in relation to the lack of good science, robustness, and rigour that are
associated with many of risk assessment and QRM-related activities. The following is a series of brief real-life case study
examples showing some of the inspectional deficiencies that the HPRA has cited in recent years in these areas. The first two
case studies related to finished product manufacturers, and the second two relate to API-manufacturing sites.
Case Study 1: QRM and Process Robustness of a Tablet Manufacturing Process
While described as a QRM exercise, this example is probably better described as a risk assessment exercise. It was
performed by a finished product facility, it was proactive in nature, and its stated aim was to identify risks affecting process
robustness and also to assess the adequacy of the existing CPPs and the control strategy.
This case exemplified a proactive approach to risk assessment in order to generate increased process understanding and
improved levels of process control. The company used a risk assessment tool that they developed in-house, demonstrating
initiative and indicating a general approach to GMP that was continuous improvement focused - the site worked to improve its
approach to risk assessment appropriate to the exercise at hand – a very positive initiative.
However, when examined during inspection, it was evident that the risk assessment exercise was lacking in a number of
important areas, and several deficiencies were cited including the following:
There was no procedure in place for how risk assessment was to be performed, and it was unclear how the different
classes of risks (low, medium, high) were to be managed.
Tablet packaging operations were not within the scope of the exercise despite the fact that two recalls had recently
occurred for packaging-related quality defects.
The risk assessment failed to address the root causes of the risk events that had been identified, and there was no
space on the risk assessment form to document any such root causes.
The adequacy of existing critical process parameters (CPPs) from a risk perspective had not been assessed.
There had been no assessment of whether new CPPs were required to control the process.
There was no assessment of the qualification or validation status of the various controls that were identified as
important for risk mitigation.
This case study demonstrates a clear example of an inadequate approach to Risk Assessment on several fronts - procedural
weaknesses, a failure to address the aims of the exercise, and a lack of robustness as evidenced by the failure to identify any
of the root causes of the failure event.
Case Study 2: Risk Assessment to Support a Change Control Proposal
The aim of this risk assessment was to assign revised calibration frequencies to instruments and other equipment at a finished
product site using risk-based criteria. The exercise identified two “high risks,” each relating to out-of-calibration instruments.
The risk assessment report stated that these risks were mitigated by three types of detection controls as follows:

Daily verification checks
In-process controls
Finished product testing.
However, on closer examination, it was found that many types of instruments and items of equipment included within the
scope of this assessment, such as pressure probes and temperature transmitters, were not subjected to any kind of daily
verification checks. In relation to in-process controls and finished product testing, it was not clear how those activities could
detect out-of-calibration equipment. Furthermore, the risk assessment approach had a significant potential to assign the same
twelve-month default calibration frequency to both GMP critical and GMP non-critical instruments after they were in use for
over 24 months. This was perhaps an unintended feature of the risk assessment approach that was used, but it did not
withstand regulatory scrutiny. Deficiencies were cited with reflected each of the above points.
Case Study 3: Risk Assessment to Support a Deviation Investigation
The aim of the risk assessment in this case was to assess the risks presented by a screen breakage incident in an API
process and to decide on batch release.
The context for this risk assessment was that, at the end of an API production campaign, a metal mesh screen used in one of
the final steps was found to have become broken at some stage during the campaign. A large section of the mesh material
was torn from the rim of the screen. Some of the batches had already been released and shipped. The remaining batches
were still at the API site and were quarantined. An FMEA was performed to help decide whether to release the remaining
batches. A number of significant problems were identified with the risk assessment. For example:
A medium severity rating was assigned to the identified hazard of screen wire material ending up in the medicinal
product. It was not documented why a piece of stainless steel up to 850µm in length in a tablet represented a hazard
of medium severity and not one with a high severity, and no clinical assessment was documented of the potential
impact on patients.
While a low likelihood rating was assigned for metal fragments having entered a batch, there was evidence that this
may not have been correct - a 15 cm piece of mesh wire had broken off while washing the screen during the
investigation.
Finally, the risk assessment concluded that the issue presented a low risk of batch contamination and this conclusion
was used to justify the release of the quarantined batches to a drug product-manufacturing site. No reprocessing or
reworking was carried out on the API batches.
When considering this case and the decision made based on the risk assessment, it is interesting to consider whether the
same approach to this deviation incident would have occurred ten years ago before ICH Q9 was in place. With such a serious
equipment failure, would the same decision have been made to release the remaining batches without any reprocessing or
reworking operation? While we don’t know the answer to that, we do know that some months after release, a complaint was
received from the drug product manufacturing site (the customer) stating that metal had been detected in tablets processed
using those API lots.
This case study presents clear evidence of the failure of a risk assessment process in relation to good decision making and in
preventing the release of defective product; it ultimately failed to adequately protect patients.
Case Study 4: Risk Assessment to Support a PAT Change Control
The aim of this risk assessment was to assess the risks of introducing a PAT instrument into an API process. Change control
documentation had been initiated to replace an off-line particle size in process test used to determine the end of recrystallisation before discharging the batch to a filter dryer with an in-line PAT measurement. The in-line instrument would be
used to monitor the physical characteristics of the slurry (chord distribution length) to determine when the re-crystallisation
process was complete. This would deliver time and cost savings through the elimination of the off-line in-process particle size
test. It would also lead to eliminating a later bulk density test normally performed on the dried API.
The risk assessment was reviewed during inspection, and while certain positive elements were identified, a number of
important deficiencies were also noted. For example:
The failure mode root cause analysis part of the assessment lacked rigour and was essentially meaningless; for

several failure modes, the potential root causes were essentially the same as the failure modes, as in the following
example:
Potential Failure Mode: Fouling of Instrument
Potential Cause: Build-up of product on glass probe
This is problematic for two reasons: Poor root-cause analysis affects how probabilities of occurrence are estimated or
assigned. It is the probability of occurrence of each potential cause of a failure mode that needs to be assigned in risk
assessment exercises, not the probability of occurrence of the failure mode itself (see reference 29). If the potential failure
mode causes are not identified, the probability of each will not be considered, and the risk score or rating for the failure mode
in question will be assigned based on a probability of occurrence that has nothing to do with its potential causes. Secondly,
when the potential causes of failure modes are not identified in risk assessments, it is unlikely that adequate preventative
controls to reduce their probabilities of occurrence will be identified. This can then lead to inadequate risk control and
mitigation strategies being identified via risk assessment work.
Several low severity ratings were not scientifically justified. For example, for one of the risks assessed in this risk
assessment, the potential failure mode was: “Confusion as to which reactor is being read by the instrument.” The
potential effect of this failure mode was documented as: “Incorrect Results,” and theCurrent Control was listed as “
Programme tested.”
A Severity Rating of 1 was assigned to the effect of this failure mode. This indicated that the effect would not cause a risk to
health and did not impact quality or regulatory compliance. This led to a Risk Priority Number (RPN) of 1 (lowest possible
RPN) being assigned to the failure mode, leading to no risk control or mitigation actions being identified. This was despite the
fact that there were no preventative controls of any kind documented in the risk assessment for this type of failure mode,
which has to be regarded as one with potentially very serious implications – completely wrong test results being generated for
the batch undergoing re-crystallisation.
It was clear that not only was this particular failure mode evaluated very poorly in the risk assessment, the lack of good
science applied here (and in other parts of the risk assessment also) rendered the outputs of the assessment to be highly
questionable. It also led to a false sense of security in the control strategy that was in place for the PAT instrument.
For a number of failure modes, low detectability scores indicating a high likelihood of detection had been assigned
which were not supported by adequate detection-related controls. One example was for a failure mode related to
metal contamination. In this case, a detectability rating of 1 was assigned, meaning that such contamination in a batch
would certainly be detected, yet there was no test for metal or other ongoing detection controls documented in the
assessment to support this rating.
This low detectability score led to a low RPN being assigned to the failure mode and again, this resulted in no risk control or
mitigation actions being identified.

PERSONAL THOUGHTS ON THESE AND OTHER DEFICIENCIES
Looking back over ten years of inspecting risk assessments and QRM work at manufacturing sites as well as reviewing
numerous risk assessment reports submitted by companies in response to quality defect issues, a number of recurring
problems come to mind. These have contributed to the industry not realising the full benefits of its QRM-related activities.
They have adversely affected many related GMP activities, such as risk-based approaches to CAPA, change management,
process validation, process understanding, product quality reviews, and others. This has probably also partly contributed to
the desired state, as envisaged by ICH Q10, not being achieved to any meaningful degree. This is one reason that ICH Q12,
Lifecycle Management, has been initiated.
Four key problems seem to be prevalent across the industry with respect to its approaches to risk assessment and QRM work
in general. These are as follows:
1. Lack of Good Science
Many of the risk assessments are lacking in good science. This leads to numerous other problems, not least of which is their

ability to withstand any level of scrutiny by the regulator, but more importantly, their role in risk mitigation for patients.
The following are common deficiencies that lack good science:
Probability of occurrence estimates that are not based on any kind of historical data, preventative controls, or on
modelling data
Assumptions regarding risk severity and detection that are totally unsound, and which are not supported by controls
which influence failure mode severity or detectability
Making important decisions based on RPN values that fail to recognise that those values are derived only from ordinal
scale numbers, that they are not mathematically meaningful. They are often associated with high levels of subjectivity,
uncertainty and guesswork. See paper by Waldron in this Journal in relation to risk analysis and risk rating scales (30)
Over-relying on RPN thresholds or cut-offs that have no scientific basis but which greatly influence risk assessment
outputs. It is common that when RPNs fall under the cited threshold, no consideration is given to the need for any
additional risk control or mitigation
Documenting controls for risk mitigation that are not relevant to the failure mode being assessed, such as were
detection controls are used as the basis for low probability of occurrence of failure modes.
2. Too Little Rigour
Many risk assessments suffer from a lack of rigour. This can have negative consequences manifest across all aspects of risk
assessments. These include the basic risk question through to hazard identification, assessment and control, risk review, and
risk communication. A simple example, relating to how the risk question or problem statement at the outset of a risk
assessment was documented follows:
In the aforementioned risk assessment exercise relating to the PAT instrument in the API re-crystallisation process, the
following risk question was documented at the top of the risk assessment form.
‘What could affect patient safety along the product lifecycle?’
While good in many respects – it is focussed on patient safety and product lifecycle - it is also very high level and is not in any
way specific to the task at hand. This activity intended to risk assess the proposed introduction of a PAT instrument based on
chord distribution length measurement in a re-crystallisation step in an API manufacturing process. This kind of risk question
could probably be applied to every single risk assessment in a GMP facility and is of questionable value. For example:
It fails to recognise that the step of the manufacturing process to which it relates is quite far removed from the patient –
a slurry recrystallization step in an API process
It does not in any way lead one’s mind to thinking about what specifically might go wrong with the proposed change
control – introducing the PAT probe into the process and using it to justify removing an off-line particle size test as well
as a bulk density test on the finished API
It does not address a key concern that would seem to be quite important – the accuracy and validity of the chord
distribution monitoring results that the PAT instrument would generate.
When the risk assessment was reviewed on inspection, it was immediately evident that inadequate consideration had been
given to the risks relating to inaccurate or invalid chord distribution monitoring results. The only reference to this in the risk
assessment was in relation to reading results from the wrong reactor.
There were no other failure modes documented that specifically addressed the potential risk of generating inaccurate or invalid
chord distribution monitoring results, and it was unclear what controls were in place which would assure the accuracy and
validity of the PAT data and results. How the risk question had been posed seems to have greatly affected the failure mode
identification, risk rating and risk control elements of the exercise.
Had increased rigour been applied when the risk question was being written, perhaps these weaknesses could have been
prevented, and perhaps a more specific risk question might have been documented, such as
‘What may affect the accuracy and validity of the chord distribution results generated by the PAT instrument?’
or

‘Is it safe to replace the off-line particle size test with a PAT monitoring system?’
In my experience, a lack of rigour in risk assessment work is often a result of the following factors:
Using risk questions that are too high level and not tailored to the objective of the exercise;
Focusing on a very large number of failure modes and only superficially assessing them with subjective RPN-type
approaches;
This can lead to very questionable risk assessment outputs and conclusions. I would recommend focusing on a much smaller
number of failure modes and assessing them much more rigorously. After all, if the pharmaceutical quality system is operating
effectively, normal GMP controls (such as in documentation, training, equipment qualification, process validation, cleaning,
etc.) should address the risks presented by most basic failure modes.
Not differentiating between failure modes and their causes – as explained in the earlier example, this can have several
negative consequences;
Failing to recognise that potential failure modes can have more than one root cause – this has implications for how
probability estimates are applied;
Failing to the link to outputs of the risk assessment back into the quality system; for example, using risk assessment to
improve a control strategy but failing to update validation and qualification protocols. This in turn leads to a lack of riskbased process validation and equipment qualification and to a greater potential to produce defective medicines.
When it comes to control strategy considerations, an important question that is often overlooked during risk assessments is:
‘What validation or qualification work, if any, is required for this control?’ Often there is a clear disconnect between risk
assessment reports and process/cleaning/method validation activities, and many of the controls that get documented on risk
assessment forms as being important in controlling or mitigating risks don’t make their way into validation and qualification
protocols. Thus, the effectiveness of those controls in risk reduction is not assured.
3. Poor Management of Knowledge
In the years since the finalisation of ICH Q9, and in particular with the publishing of ICH Q10 in 2008, the role that knowledge
management plays in delivering high quality medicines to patients has been recognised. Indeed, ICH Q10 identified QRM and
knowledge management as Key Enablers for an effective Pharmaceutical Quality System. However, from my experience,
effective knowledge management does not support much of the QRM work during inspections.
Typical weaknesses in this area would include:
Existing knowledge about the purpose and nature of different kinds of GMP controls is sometimes overlooked in risk
assessments. For example, in Case Study 1 above, the daily verification of calibration checks on some instruments
and other items of equipment above was an example of a GMP control that was in place for some instruments and
equipment, and key site staff would have known this, but this control was regarded in the risk assessment exercise as
a control that reduced the risk of all instruments going out of calibration.
Overlooking key empirical data in decision making (heuristic of representativeness), and not translating that data into
usable knowledge. An example of this can be seen in Case Study 2, where a low probability score is assigned to
contamination in the metal screen breakage incident despite data that the screen was so damaged that contamination
was a real possibility
Ignoring key sources of knowledge pertinent to the risk assessment. For example, knowledge held by equipment or
ingredient suppliers is not utilized in QRM.
4. Overuse of Formal Risk Assessments
Regulatory inspectors are now seeing formal risk assessments for a very large number of activities and problem issues at
manufacturing sites. These risk assessments are predominantly based on FMEA-type approaches, and are probably
considered by most practitioners to represent formal risk assessments. While this is positive in some respects – it reflects
industry’s ongoing attempts to build in risk-based decision making across the board - it is also not without its problems,
particularly when formal risk assessment tools such as FMEA are inherently weak and flawed in certain important areas.
For example, while FMEA is a useful risk prioritisation tool, most approaches to FMEA that I have seen are highly subjective in

their RPN outputs. There are few if any design elements built into FMEA that limit the amount of subjectivity that is associated
with the RPNs that are generated. FMEA is also somewhat weak in relation to hazard identification and root cause analysis.
FMEA tools generally do not contain design features that dictate how brainstorming for failure mode identification should be
performed, and they do not offer any kind of a structured approach to root cause analysis for the failure modes that are
identified. The root cause analyses that we often see on inspection via FMEA are quite superficial as in the PAT case study
above, and lead to ineffective risk mitigation. FMEA worksheets also generally contain no columns that relate to the
qualification or validation requirements of the GMP controls that are identified during FMEA exercises as being important in
risk control or mitigation.
A consequence is that, when formal but flawed risk assessment tools are used, their outputs are more often than not regarded
as true and factual and are not scientifically challenged. In this regard, the level of subjectivity and guesswork that is
associated with those outputs - the failure modes identified, the RPNs generated, or the decisions for additional risk control /
mitigation that are made - are often overlooked. This is the problem with the use of such formal tools – they seem to result in
a false sense of security in their outputs.
To me, many of the problem issues that arise during manufacture (e.g. serious deviations, product defect reports, failed
cleaning validation activities, etc.) do not always require formal risk assessments to help decide how to react to them, or how
to prevent them from recurring. Sometimes what is needed is better and more structured approaches to root cause analyses,
more evidence-based investigations to determine the real extent of the problem rather than relying on subjective probability
estimates in formal risk assessment exercises, and these being coupled with more effective CAPAs and improved process
designs.
Risk-based decision making does not always require the use of formal risk assessment tools to be effective. It is the same for
decision making within GMP Inspectorates. If a serious GMP failure is reported to them that implicates a particular
manufacturing site (such as a product mix-up incident, a serious compliance issue, or a reported lack of sterility assurance
with a product), one does not need to apply a formal risk assessment tool to decide whether to go and perform a for-cause
GMP inspection at that site. Considering the facts and taking account the general risk issues for patients is often a much more
effective approach. We should not forget to use common sense!

FIVE IDEAS FOR IMPROVING QRM ACTIVITIES IN THE GMP ENVIRONMENT
Despite the multiple flaws in QRM practices within the industry described above, hope is not lost. The remainder of this paper
offers suggestions on how to improve our approaches to QRM. Five ideas are proposed.
1. Develop QRM Certification Programmes utilising related research
The GMPs are becoming increasingly reliant upon QRM to support decision-making in almost all areas (see reference 5).
However, competencies in QRM have not kept pace. A decade has passed since ICH Q9 was finalised, and we find
ourselves in a position where little has improved, especially in relation to risk-based decision making. In fact, one could argue
that decision-making may have suffered through the use of highly subjective and biased approaches to risk assessment and
QRM.
As evidenced by the case studies and other examples presented in this paper, flawed risk assessment processes and tools
are contributing to a lack of effective process control, increased risks of generating defective and harmful medicines, substandard approaches to validation and qualification, and GMP decisions relating to deviations and change control that are
highly suspect. All of this indicates that better competencies in QRM are needed if these problems are to be overcome.
People are urgently needed within the GMP environment who can learn about and apply the outcomes of research from other
fields and disciplines. There is a wealth of peer-reviewed research available on areas that are highly relevant to QRM such as
expert opinion elucidation for probability estimations (31-34), System Reliability Analysis (32-33), risk perception and human
heuristics (37-47), Probabilistic Risk Assessment and Monte Carlo simulations (48-59), and general risk-based decision
making (31). Such learnings could help those in the GMP environment address the following questions with effective
solutions:
How can we quantitatively measure how much risk reduction our risk assessment work is really delivering? Much of
GMP is about quantitative measurements – measuring the variability associated with analytical test methods via
intermediate precision experiments during method validation is a simple example – but such approaches seem to be

totally lacking when it comes to QRM-related activities.
How can we deal with the factors that adversely affect brainstorming and decision making during risk assessment
exercises (e.g. subjectivity, risk perception, human heuristics)?
How can we obtain reliable probability estimates for failure modes and hazards?
Developing QRM Certification programmes that are tailored for the GMP environment has the potential to lead to better trained
QRM facilitators, the correct use of QRM tools, more effective QRM work, better manufacturing and control processes, and
ultimately better quality medicines for patients.
2. Work to Better Understand Informal vs. Formal Risk Assessment
There is some debate as to what the terms ‘informal’ and ‘formal’ risk assessment actually mean. While this does not seem to
be an area of much interest in the literature at this time, discussions with other regulators and with the pharmaceutical industry
indicate that there is no general consensus on the definitions of these terms.
ICH Q9 refers to the concept of formality in one of its two key principles of QRM…. stating, “the level of effort, formality and
documentation should be commensurate with the level of risk.”
A simplistic approach often employed is to regard any risk assessment that is based on the use of a “tool” as being formal,
while anything else is informal. This is probably too simplistic an approach.
Structured research activities in this area within the GMP environment and with academia have the potential to be of value and
address questions such as:
What is meant by informal vs. formal risk assessment?
When each is appropriate to use each?
What are the risks and benefits with each?
What safeguards need to be in place for each?
What benefits have the more formal approach delivered to date, and likewise, have less formal approaches also added
value?
It would be of great interest retrospectively to study how the concept of formality has been applied in the industry and to
understand the relative contributions of each approach.
3. Utilise Knowledge Management (KM) in QRM
ICH Q10 identifies KM and QRM as twin enablers of an effective pharmaceutical quality system. However, it seems that the
industry is still struggling with ways to turn data and information into real usable knowledge to support QRM work. This was
evidenced by the discussions that took place at an international symposium on KM held in Dublin, Ireland, in March 2015.
This event was attended by international regulators, members of both the ICH Q10 and ICH Q12 teams, knowledge
management thought leaders, industry professionals, and KM practitioners; it received broad support for addressing this
important topic for the industry. The symposium, which was hosted by Regulatory Science Ireland (RSI), explored current
best practices in the field of knowledge. It also explored the challenges of enabling knowledge flow, achieving more effective
knowledge sharing, and the relationship between KM and QRM, in identifying and addressing product and patient risk.
Some practical suggestions for consideration in this area include:
Repositioning Annual Product Quality Reviews (PQRs) as KM Tools. As anyone in the industry will acknowledge,
PQRs involve a lot of work. However, the value derived from PQRs, in relation to process understanding and the
effectiveness of the pharmaceutical quality system, is not always evident. Writing PQRs sometimes seems to be more
of a compliance-led tick-box exercise rather than as a valuable examination of process robustness and validation
status. It is questionable whether the industry is realising the benefits from its extensive PQR work. A solution might
be to reposition PQRs as KM tools, where their expected outputs would be increased knowledge about a process and
product, including process robustness and validation status. They could also be repositioned as Risk Review
documents, which is essentially what they are – a tool for reviewing a product and a process over a period of time from
a risk perspective.
Critiquing what is known about the controls that are put forward in risk assessments as risk mitigating controls. Just

because controls are documented in risk assessment exercises does not mean that they are effective or even relevant
in risk control and mitigation as evidenced by some of the case studies presented above. Key questions that might be
asked in every risk assessment might be:
What exactly is this measure controlling?
What do we know about the effectiveness of this control?
What evidence is needed for us to know whether our risk assessment outputs are reliable?
4. More Focus on Science
As discussed above, there is a need for the pharmaceutical industry to apply good science when doing QRM work. There are
some very simple things that can be done to help achieve this in risk assessment activities.
Design GMP-tailored risk assessment tools which do not allow P, S, or D scores to be assigned to failure modes
without first considering the existence and effectiveness of GMP controls that influence those scores. This would
enable the application of an evidence basis to inform the risk assessment.
In recognising that RPNs generated by FMEA-type approaches are based on ordinal number scales with often high
levels of subjectivity and are not real values (60-63), move away from using RPN thresholds alone in risk decisionmaking, especially about whether to implement additional risk controls or not (30).
Develop more quantitative ways to measure how much risk reduction is achieved via risk control and mitigation
activities, and transition away from the current situation where risk reduction is either not measured at all, or is
estimated using quite qualitative means (high, medium or low risk ratings etc.) Other industries have focussed efforts
in this area, such as the US aeronautics industry (64-65).
5. Apply Increased Rigour
Rigour is especially important during formal risk assessment work where the influences of human heuristics and other risk
perception factors can have a disproportionately large effect. There are several very simple measures that can be taken to
achieve this. For example, the industry can design GMP-tailored risk assessment tools that require all GMP controls that are
identified as important in risk control or mitigation (current and new) to be assessed under the following criteria:
Their actual effectiveness in controlling or mitigating those risks
Their qualification or validation requirements, if any.
In addition, one can apply triage methods to filter large numbers of potential failure modes down to the most important ones,
and to risk assess the most important in detail and with increased rigour. The Holographic Hierarchical Modelling approach
developed by the University of Virginia in conjunction with NASA in the US is one such approach worth exploring for its
potential GMP applications. Here, hundreds of potential hazards are filtered and those that are likely to pose the greatest risk
are identified for further study (66).

CONCLUSIONS AND RECOMMENDATIONS
This paper reflects a regulator’s perspective on the developments in the application of Quality Risk Management by the
pharmaceutical industry since ICH Q9 was finalised in November 2005. Data on quality defects and recalls, information on
inspectional observations and deficiencies, and some personal reflections are presented and commented upon in order to
explore where things stand at present. A number of recommendations are also made for the practical resolution of the
problem issues and challenges that have been identified.
While a significant amount of work has been done by regulators and industry alike since 2005 to embed the principles and
concepts of QRM into the GMP environment, indications are that this work has not delivered its expected benefits. It seems
that ICH Q9 has not been implemented as intended, and it is not clear whether medicines are any safer now than they were
ten years ago before ICH Q9.
While there is much food for thought for the pharmaceutical manufacturing sector presented here, it is important to also
recognise that, in my own opinion at least, many of the problem issues cited in this paper also apply to the GMP inspectorates
and their wider National Competent Authorities that regulate that sector. As regulators work to apply risk-based thinking and
approaches in their own day-to-day work activities, the problems of risk perception, subjectivity and uncertainty, and the
challenges inherent in measuring how much risk reduction actually achieved via risk control and mitigation activities, are as

applicable to them as the industry they regulate. So there is still much to do!
It is worth noting that within competent authorities, work is underway to address a number of these challenges. For example,
advanced training activities for GMP Inspectors and Investigators on QRM began in December 2014 via an initiative of the
PIC/S Expert Circle on Quality Risk Management. This followed more basic QRM training in 2010. These training activities
were, and are, aimed at inspectors and investigators from as across the world, including Asia, Europe, the Americas, and
Africa.
Perhaps the pharmaceutical manufacturing sector can also consider what advanced training and learning it requires in order
for it to achieve the expected benefits for itself and for patients that are envisaged by ICH Q9.
It is within a spirit of openness and reflection that this paper seeks to present these ideas for discussion and debate.
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