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Abstract: The production of low quality drugs in addition to wasting resources, leads to risks to
public health. Quality risk management can ensure the high quality of the drug for the patient by
controlling quality risks during the product manufacturing process. The present study aimed to
identify and analyze the particle contamination risk of the vial product at Daana Pharmaceutical
Company by implementing quality risk management process based on the ICH Q9 guideline. For
this purpose, in order to identify the risk, the failure modes and effects analysis (FMEA) method
and to identify the root causes of failure, the "Why" root cause analysis (Why RCA) technique and
to analyze the risk, a combination of the failure modes, effects and criticality analysis (FMECA)
and Bayesian Belief Network (BBN) analysis methods were used. Comparison of the results of the
FMECA and BBN-FMECA approaches showed that at Daana Company, risk analysis with both
methods gives similar results. Also quality of raw material powder and primary packaging
materials, personnel performance and air conditioning monitoring system are identified as the most
important causes of product contamination risk.

1-Introduction

The production of low quality drugs has long been a global problem which in addition to
wasting resources, leads to risks to public health. The quality risk management(QRM)
approach should be considered as one of the most important activities in the
pharmaceutical industry, because this industry produces drugs whose quality is directly
related to patient health and ultimately the general health of society [1].

An effective quality risk management approach can further ensure the high quality of the
drug (medicinal) product to the patient by providing a proactive means to identify and
control potential quality issues during development and manufacturing [2]. All aspects of
production that may affect the quality of the final product and the consequent drug-related
risk to the patient must be effectively controlled [3].

Quality risk assessment of manufactured drugs by identifying and controlling the sources
of variability in the product and manufacturing process, can be linked ultimately to
protection of the patient and the health of the community by ensuring the quality, safety
and efficacy of the pharmaceutical product [4, 5].

2-Literature

The ICH Q9 guideline document is the first internationally recognized guideline
specifically addressing quality risk management for the pharmaceutical and
biopharmaceutical industries [5].

2-1-1CH Q9 quality risk management guideline framework

A model for quality risk management is outlined in the ICH Q9 guideline shown in the
figure 1. This process includes the stages of risk assessment, risk control, risk

*(Corresponding author) mrtzmahmood@gmail.com
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communication and risk review. Risk assessment is an overall process and including risk
identification, risk analysis and risk evaluation [2].

Initiate
Quality Risk Management Process

Risk Assessment
| Risk Identification |
> | Risk Analysis |
| Risk Evaluation |
u =
5 g
=
8 Risk Control =
s 4
]
£ | Risk Reduction | =
€
8 - - ] T El
o 2
Risk A it
5 | isk Acceptance | g
[ &

Output / Result of the
Quality Risk Management Process

Risk Review

[ | Review Events I

Figure 1: ICH Q9 quality risk management guideline framework [2]

A variety of tools can be used for risk assessment. Some of them as follows:
Brainstorming, Ishikawa analysis(Fish bone), Delphi technique, Interviews, Check lists,
Failure Modes and Effects Analysis(FMEA), Failure Modes, Effects and Criticality
Analysis(FMECA), Why Root Cause Analysis(Why RCA), Bayesian Belief
Network(BBN), Pareto chart,... [6]

While the choice of the tools to support the QRM approach is optional and may vary, the
tools chosen need to be appropriate for the intended use [4].

Many studies have been conducted in different fields of industry using different risk
assessment techniques.

The review of the researches showed that so far the risk assessment has not been done as
an integrated of several techniques in the field of pharmaceutical products and a practical
method for managing the quality risks of drug production based on the guidelines of the
pharmaceutical industry has not been presented. To fill this gap, in this study, by
implementing QRM process based on the ICH Q9: 2005 guideline framework, the
potential causes of the particle cotamination risk of the vial product were identified and
analyzed by combining different risk analysis methods based on international standards
and was presented a framework to prioritize the quality risks of drug production. For this
purpose, FMEA technique for risk identification, Why RCA technique for the root causes
of failure identification and an integrated technique of FMECA and BBN methods for
risk analysis and risk evaluation were used. This is one of the innovative aspects of the
present study.

3-Research method

According to FDA standards, the three main components of drug quality are the
consistent delivery of label performance, the lack of contamination, and the product
availability. Each of these quality components includes a set of potential parameters for
estimating the risks related to defined quality or health consequences [7]. The present
study considered one of the components of drug quality, namely the lack of
contamination in the drug product. For this purpose, the risk of particle contamination in
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the vial product in one of the vial production lines at Daana Pharmaceutical Company
was investigated as a case study. Data collection tools are observation, semi-structured
interviews and secondary data.

Necessary information to identify failure modes, causes of failure, control and preventive
actions, failure detection method by observing the production process steps and
interviewing the experts and specialists in the subject and the use of quality assurance
documents, including case studies of production risk assessment, evidence of related
corrective and preventive actions, deviations and stops of production and the results of
inspections and audits were collected as secondary data.

3-1-Steps of conducting study

QRM process begins with a risk issue / question. In this study, the risk question was
posed as follows: "What parameters can potentially cause the production of vial product
with particle contamination?”. Then the risk assessment was performed based on the steps
shown in the figure 2.

Failure des and ¢ q es Identification(FMEA)
L 2
Failure root causes identification at 3 levels(Why RCA)

A 4

Identification of existing control actions to prevent the causes of
failure

A4
Identification of existing detection methods for failure modes

A 4

Estimation of severity(S), Occurance probability(O),
detectability(D) scores

A4

Calculation of RPN(FMECA)

A 4

Drowing the Bayesian Belief Network of failure modes &
causes(BBN)

|
\ A4
| Estimation of Bayesian reasoning-based conditional probability
| with belief probabilities for each combination of S, O, D

4

Estimation of subjective probabilities for each level of S, O, D for
all failure modes caused by each risk cause
L 4

Calculation of prior probabilities for each level of S, O, D for all
failure modes caused by each risk cause
A4

Calculation of risk probability at 3 levels(HLMLL) for all failure
modes caused by each of risk causes(BBN-FMECA)

Risk assessment

Figure 2: Risk assessment with BBN-FMECA integrated technique steps (presented by the researcher)

* By investigation of the production process based on the production flowchart, observing
the production sub-processes and interviewing experts, all the effective factors in product
quality that in this study," the particle non-contamination of product"”, has been targeted
were identified. Then, the production of the product with particle contamination was
considered as level 1 failure mode and its consequences were identified.
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* All potential causes of failure that affect the particle contamination of the product were
investigated and recorded in the FMECA table based on the "why" root cause analysis
technique.

* The existing control and preventive actions to prevent the occurrence of these potential
causes and also the detection methods of the potential failure modes were identified and
recorded in the FMECA table.

In level 1, 8 causes of failure were identified, which were coded with the Fm codes. m
indicates the potential cause of failure number. Therefore, codes F1 to F8 were assigned
to the level 1 failure causes.

* Each of the potential causes of Level 1 failure mode was considered as Level 2 failure
modes and the causes of failure related to each of these failure modes were identified.
Then, the existing control and preventive actions to prevent the occurrence of these
potential causes and the methods of detecting each potential failure mode were identified
and recorded. In level 2, for 8 potential failure modes (F1 — F8), 27 potential failure
causes were identified which were coded with the Fmn codes. n indicates the potential
cause of failure number related to the Fm failure mode.

* Level 3 was treated as level 2 and each of the potential causes of failure in level 2 was
considered as level 3 failure modes and potential causes related to each of these failure
modes were identified. At level 3, for 27 potential failures modes (F11 — F84), 56
potential causes of failure were identified which were coded with the Fmno codes. o
indicates the potential cause of failure number related to the Fmn failure mode.

It is worth noting that the cause of the failure number does not indicate its priority.

* For all failure modes, severity(S) score based on the failure consequence, probability of
occurrence(O) score according to the existing control and preventive actions to prevent
any potential cause of failure and detectability(D) score according to failure mode
detection methods, were estimated with the help of subject matter experts.

Due to the confidentiality of some information related to Daana Pharmaceutical
Company, including S, O, D scores and RPN values, all causes of failure were coded and
the diagrams of analysis were presented based on the causes of failure codes in this study.
To determine the severity, probability of occurrence and detectability scores, rating scale
tables were set up on a 5-levels scale with scores of 1-5.

* The structure of Bayesian belief network of the potential failure modes and their causes
was plotted on 3 levels.

* For risk analysis with the BBN-FMECA integrated technique, Bayesian reasoning-
based conditional probability with belief probabilities were estimated for each
combination of S, O, D. These rules and belief probabilities which have been given in the
table 1 were constructed with the help of the subject matter experts.

* Then subjective probabilities were estimated for each of 5 levels of S, O, D variables
(very low, low, medium, high, and very high) for all failure modes caused by each of the
potential failure causes, as shown in the table 2 for Level 1. Due to the fact that these
probabilities were subjective, for ease of data collection at this stage, the sum of
probabilities was not equal to 1 and each probability was given independently in the
range (0-1).

4-Analysis of findings
4-1-Risk calculation with FMECA technique:
* Based on the scores given to severity and probability of occurrence and detectability,

the risk priority numbers were calculated according to the equation (1):
(1) RPN=S*O*D
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* To prioritize the risks at each level, the RPN values for the failure modes caused by any
cause were plotted in the bar charts at three levels that shown in the figure 3. The
FMECA column in the table 4 shows the highest and the lowest risk priorities for the
failure modes caused by different causes at all three levels based on this approach.

Table 1: Bayesian reasoning-based conditional probability with belief probabilities

S O D L M H
1 1 1 1 0 0
1 1 2 0.9 0.1 0
1 1 3 0.8 0.2 0
1 1 4 0.75 0.25 0
1 1 5 0.7 0.3 0
1 2 1 0.95 0.05 0
5 5 1 0 0.25 0.75
5 5 2 0 0.2 0.8
5 5 3 0 0.15 0.85
5 5 4 0 0.1 0.9
5 5 5 0 0 1

Table 2: Subjective probabilities of each level of S, O, D for failure modes caused by each failure cause in level 1

Failure cause S D

VL L M H VH | VL L H VH | VL L M H | VH
F1 0203 |05|065|08|02| 05 |08| 05 |02]|02|05|08|05]|02
F2 0203 |05|065|08|02| 05 |08| 05 |02|02|05]|08|05]|02
F3 0203 |05|065|08|02| 05|08 05 |02|02|05]|08|05]|02
F4 0203 |05|065|08|02| 04 |06| 08 |05|02|05]|08|05]|02
F5 0203 |05(065| 08 |08|065|05(03)|02|02|05|08]|05]|02
F6 0203 |05|065| 08 |02| 04 |06]| 08 05|02 (05|08]|05]| 0.2
F7 0203 |05|065|08|02| 04 |06| 08 |05|02|05|08|]05]|02
F8 0203 |05|065|08|02| 04 |06| 08 |05|02|05|08|]05]|02
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Table 3: Prior probabilities of each level of S, O, D for failure modes caused by each failure cause in level 1

Failure cause S 0] D

VL| L M H |[VH|VL| L M H |VH|{VL| L | M| H]|VH
F1 02(035(05|065|08(02| 05 (08| 05]02(02(05|08|05]|0.2
F2 02]035|05|065|08|02| 05 (08| 05 |02|02|05({08|05]|0.2
F3 02(035(05|065|08(02| 05 (08| 05]02(02(05|08|05]|0.2
F4 02]035|05|065|08|02| 04 (06| 08 |05|02|05({08|05|0.2
F5 02]035|05|065|08|08|065|05([035|02|02|05({08|05]|0.2
F6 02(035(05|065|08|02| 04 (06| 08 |05(02(05|08|05]|0.2
F7 02(03|05|065|08|02| 04 (06| 08 |05|02(05({08|05]|0.2
F8 02(035(05|065|08|02| 04 (06| 08 |05(02(05|08|05]|0.2

4-2-Calculating the probability of risk with the BBN-FMECA integrated technique

* In this approach, by normalizing the data in the table 2, the prior probabilities (B) were
calculated for each of 5 levels of S, O, D variables for all failure modes caused by each of
potential failure causes. The results of the calculations for level 1 have been given in the
table 3. In this stage, the value of prior probabilities (f) sum to 1 for each failure cause.
The same was done for level 2 and 3.

*According to Bayesian rule, the probability of risk at three levels {Low(L), Medium(M),
High(H)} was calculated for all failure modes due to various causes according to the
equation 2.

()  PRY) =37 123-1 k=1 P(RY /51,05, D) (BY )i * (BY)j * (BY )k V1

In this equation, [ is the level of risk, (85"); ,(Bp); and (Bp )y are the prior probabilities
P(Si), P(Oj), P(Dy) of failure mode caused by ‘w’ cause at S, O, D levels i, j and k,
respectively.

* To compare the risk probability (high, medium, low) at each level of potential failure
modes, the output of the calculations were plotted in the bar charts shown in the figure 4.
The BBN-FMECA column in the table 4 shows the highest and the lowest risk priorities
for failure modes caused by various causes at all three levels based on this approach.

It should be noted that the computational tools of the previous researches were not
available, and to calculate the results with this approach, a specialized computational tool
(BBN-FMECA) was required that it was developed by the researcher in the Python
language, and this is another aspect of the innovation of the present study which can now
be used in the pharmaceutical industry (which is Publicly published via
https://github.com/mrtzmahmood/fmea-bbn).

Table 4: Comparative table of the results of FMECA and BBN-FMECA approaches

Risk priority Failure mode level . (FMECA) (.BBN-FMECA)
Failure causes codes Failure causes codes

Level 1 F4, F6, F7, F8 F4, F6, F7, F8

High Level 2 F62, F33 F62, F33
Level 3 F413, FA14, F641, F323 F413, F414, F641
Level 1 F5 F5

Low Level 2 F43, F73, F11, F12 F73, F11, F12
Level 3 F111,F112, F113 F111,F112, F113

F121, F122, F522, F523 F121, F122, F522, F523
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5-Conclusion

The aim of this study was to identify and analyze quality risks during production process
of the pharmaceutical product and also to compare the two approaches of risk analysis
with FMECA technique and BBN-FMECA integrated technique. In a case study
conducted at Daana Pharmaceutical Company, by observing the stages and sub-processes
of production and using the opinions of the experts and the quality assurance documents
of this company, first the failure modes and potential causes of failure that could lead to
the risk of particle contamination of drug product were identified by FMEA and Why
RCA techniques and analyzed by FMECA technique and RPN calculation.

The results of analysis showed that particle contamination and poor quality of raw
material powder and primary packaging materials (rubber and vial) could cause the
highest risk of particle contamination in the product and in cases where the items were of
high quality, the risk of product contamination was reduced. Therefore, suppliers
evaluating and supplying high quality items from an approved and proven supplier had a
significant impact on reducing the risk of product contamination. Also, qualification and
implementation of preventive maintenance program for vial washing machine and control
of its performance reduced vial contamination. Also, according to the results of the
analysis, particle contamination created by the personnel of production and technical
engineering units who were responsible for repairing and replacing parts of production
equipment, was one of the most important potential causes of product particle
contamination risk. Development of the production instructions and the replacement of
parts of production equipment instructions, also the replacement and depreciation of
production personnel uniforms instructions, as well as monitoring of correct
implementation of instructions along with effective training of personnel and the use of
experienced and qualified personnel could be very helpful as preventive actions to reduce
or eliminate the risk. In addition, the results showed that although contamination of the
production and the filling of vial space was usually one of the most important causes of
particle contamination of the product, but the use of software monitoring system for
monitoring and automatic adjustment of air conditioner performance parameters and
production rooms pressure significantly reduced the risk of particle contamination of
product.

Then, in order to investigate the possibility of reducing the deficiencies of the FMECA
method, its combination with the bayesian belief network analysis method was used. The
proposed multi-level risk quantification framework, integrated rule-based FMEA with
bayesian belief Probabilities. This method seemed to cover some of the deficiencies of
the FMECA method and the calculation of RPN values.

Comparing the results of the two approaches was concluded that at Daana Pharmaceutical
Company, risk analysis with each of the two approaches gave similar results. The BBN-
FMECA approach provided more details about risk levels (high, medium, low) that could
be helpful in making managerial decisions to plan the necessary corrective actions.

After the analysis, the risks were evaluated against the predetermined risk criteria of
Daana Pharmaceutical Company and the necessary suggestions were made to prioritize
appropriate corrective and preventive actions to reduce the intended non-conformities.

In future researches, analysis the quality risks of pharmaceutical products can be done
based on the the bayesian network of all failure modes and their causes. Also, risk
assessment based on other methods of risk identification and analysis and their
comparison, as well as other quality risks of different pharmaceutical products are useful
topics for future researches.
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