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Abstract

Background: Pharmaceutical drug recall is a relentless issue that is composed of multidimensional criteria. The
distinct criteria that contributed to drug recalls have been identified in previous literature; however, there is limited
information regarding the causal relationships between each criterion. Highlighting key influential aspects and criteria of
pharmaceutical drug recall is critical in addressing this ongoing issue and promoting patient safety.

Objective: The objective of this study is as follows: (1) identify critical criteria of pharmaceutical drug recalls for
improvements, (2) determine the interrelationships among the criteria, and (3) define the causal relationships of
pharmaceutical drug recall and provide theoretical insights and practice recommendations to minimize risks associated
with pharmaceutical recalls and maximize patient safety.

Design: This study proposes five aspects and 42 criteria to identify the impact of pharmaceutical drug recalls on
patient safety by evaluating the interrelationships between the criteria by employing the fuzzy decision-making trial and
evaluation laboratory method.

Methods: A group of || professionals across the pharmaceutical industry, hospitals, ambulatory care, regulatory
authority, and community care settings were selected for interviews.

Results: Risk control is the influencing aspect of pharmaceutical drug recalls that has the most substantial impact on risk
assessment and risk review; it generates medium effects on risk communication and technology. Risk assessment, risk
communication, and risk review demonstrated comparative weak interrelationships, while risk communication exhibits
a weak unidirectional effect on risk review. Finally, risk assessment exerts a weak influence on technology application
and development. Product contamination, product subpotent or superpotent, injury to patients, product not sterile or
impure, and system detectability of hazards have the strongest influence in the causal group of pharmaceutical drug recalls.
Conclusion: The study shows that risk control drives risk assessment and risk review in the pharmaceutical industry
manufacturing process. To achieve patient safety, this study suggests focusing on risk control strategies, as this aspect displays
the most substantial effect on influencing other critical risk management aspects such as risk assessment and risk review.
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has posed harm to the safety of public health. Studies indi-
cated approximately half of all pharmaceutical product
market withdrawals appeared within 2 years of a product’s
introduction to market. These numbers have created sig-
nificant mistrust from the public and impacted on treat-
ment continuity.' In the United States, clinically significant
drug recalls occur nearly every month, affecting thousands
of pharmaceutical supplies distributed across the country
or internationally.> In October 2012, the United States
Food and Drug Administration (USFDA) recalled thou-
sands of vials of injectable corticosteroid medications that
were caused by fungal contamination.® The contaminated
products resulted in 753 reported cases of fungal meningi-
tis and 64 deaths in multiple states.** Risk mitigation
actions were carried out by health regulatory agencies and
public health authorities; however, safety events with vari-
ous magnitudes of patient impact were continuously seen
in different parts of the world.> The medication withdrawal
rates due to safety events has not improved in the past
60years, particularly in the African continent where the
rate of drug recalls per country was very low (1.17%) in
comparison with the western countries (6.18% in Europe
and 5.83% in North America).® Most recently in 2020, the
USFDA announced a substantial recall of ranitidine and
metformin extended-release form that derived from con-
tamination of N-nitrosodimethylamine (NDMA), a carci-
nogenic substance that increases the risks of cancer under
high-level chronic exposure.>’ This resulted in both short-
term and long-term impact on patient safety, treatment
access, and public trust around the world. While patient
safety is being recognized globally as a top priority that
requires a collaborative and coordinated response, it is
imperative to address the issue of pharmaceutical drug
recall promptly.®

Pharmaceutical drug recall is a persistent issue that is
composed of multidimensional criteria. Sandle’ provided a
comprehensive analysis for current state of pharmaceutical
recalls across the globe, including recall trend, the eco-
nomic impact, and predictive models for recall assess-
ments. The distinct criteria contributed to recalls had been
identified in previous literature; these include but are not
limited to contamination, mislabeling, packaging issues,
adverse reactions, incorrect potency, substandard and fal-
sified components, and cross-contamination.>!*"!? These
issues, specifically substandard and falsified medications,
existed worldwide and impacted high-income and low-
and middle-income countries.'*!* The traditional analysis
approaches adopted in previous literature are limited to the
consideration of direct effects or single directions of crite-
ria; oftentimes, these approaches fail to identify the inter-
relations, interdependency, and causal relationships
between each factor.!>'® Meanwhile, the International
Conference on Harmonization (ICH) had issued pharma-
ceutical practice guidelines on the systematic approach for
quality risk management to facilitate shared understanding

of risk management strategies throughout the product life-
cycle.!” This guideline established critical infrastructure of
the pharmaceutical quality risk management process to
ensure patient safety and was issued as Guidance for
Industry by the USFDA and adopted by the European
Commission and became part of the European good manu-
facturing practice (GMP).'® Nevertheless, highlighting the
most critical aspects of this process is a key to addressing
the ongoing issue of pharmaceutical drug recalls impact on
patient safety.

In addition to a lack of well-defined causal relation-
ships between recall criteria and a highlight of pivotal
aspects for risk management strategies, there are signifi-
cant perception gaps between consumers, health care pro-
fessionals, and pharmaceutical industries’ apprehension of
the causes and effects of drug recalls.’> Understanding the
causal relationships helps determine the positive and nega-
tive associations between each attributing factor.'” Hence,
despite the perception gaps among patients, clinical practi-
tioners, pharmaceutical industries, and regulatory agen-
cies, it is imperative to utilize an effective tool to establish
the causal effects and interrelations between each contrib-
uting factor and identify best practices for policymakers
and all stakeholders to ensure patient safety.

This study proposes fuzzy Decision-Making Trial and
Evaluation Laboratory (Fuzzy DEMATEL) method to inter-
pret the causal relationships and interrelationships between
the key attributing criteria of pharmaceutical drug recalls®
based on the experts’ linguistic preferences. Linguistic pref-
erences can embrace fuzzy human assessment and represent
more comprehensive evaluation. The objective of this study
is threefold: (1) identify critical criteria of pharmaceutical
drug recalls for improvements, (2) determine the interrela-
tionships among the criteria, and (3) define the causal rela-
tionships of pharmaceutical drug recalls on patient safety.
This study aims to provide theoretical insights and practice
recommendations for clinical practitioners, pharmaceutical
industries, and regulatory agencies to minimize risks associ-
ated with pharmaceutical drug recalls and maximize patient
safety. The theoretical contribution is to identify and con-
ceptualize a set of mediation recall criteria, present a hierar-
chical model that extends the current ICH guidelines, and
determine strategies to address the ongoing issue of pharma-
ceutical drug recalls on patient safety. Practice recommen-
dations are provided with important implications for clinical
practice, pharmaceutical industries, and policymakers to
maximize the safety of public health. This article is organ-
ized as follows: “Introduction” section introduces the sig-
nificance of this research through literature background and
identifies the research gap and the proposed research
method. “Literature review” section reviews the literature
on medical recalls and the decision criteria. “Methods” sec-
tion elaborates the method and data analysis. “Results” sec-
tion discusses the analytical results of criteria and figures.
“Discussion” section depicts the theoretical and managerial
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implications, and finally, “Conclusion” section discusses
the potential future extension of this study.

Literature review

Previous literature highlighted contamination, mislabe-
ling, adverse reactions, incorrect potency, wrong dose or
release mechanism, and cross-contamination as the major
contributory causes of the overall pharmaceutical drug
recalls.>*%!1% These criteria were identified via retrospec-
tive data analysis, the review of USFDA enforcement
reports, and utilizing statistical tools; however, the inter-
relationships among the complex drug recall criteria have
not been elucidated, and there were no existing studies that
adopted analytical models to identify the causal interrela-
tionships among recall criteria in the pharmaceutical field.
This study proposed five recall aspects containing 42 recall
criteria. The aspects include risk assessment (Al), risk
control (A2), risk communication (A3), risk review (A4),
and technology (AY), as indicated in Table 1.

Risk assessment

Risk assessment (A1) plays a vital role in the identifica-
tion, analysis, and evaluation of risks associated with the
exposure to hazards.!”?! The USFDA, European
Medicines Agency (EMA), and many other health author-
ities strongly endorse integrating risk assessment in the
decision-making process pertinent to product develop-
ment, manufacturing, and distribution to ensure patient
safety and product quality.'® Twenty-one criteria have
been identified in the risk assessment aspect (A 1): nonste-
rility and failed impurities (C1) entail microbial contagion
of products were described as the common causes of phar-
maceutical drug recalls;'’ however, the USFDA enforce-
ment reports were not analyzed directly in the studies to
reach this conclusion. Wang et al.,? on the contrary, classi-
fied the reasons for drug recalls in a 30-month analysis
study. These results indicated product contamination (C3)
accounted for 50.1% of drug recalls, 21.87% were due to
product mislabeling (C4), 9.81% were attributed to injury
to patients (C15) that caused harm or hazard to patients,
including but not limited to adverse drug reactions, 7.06%
due to defective products such as product unsealed or
improperly sealed (C5) or product missing or unusable
product (C6), and 6.21% were related to incorrect potency
(C2) and ineffectiveness of the product (C7) that failed to
exert pharmacological effects.®> Abraham!” and Azghandi
et al.” argued that while product recalls are common for
pharmaceutical products, the characteristics and patterns
of recalls can vary in terms of a lack of product supply
(C8) and the disruption of product supply (C16); there-
fore, outlining a supply chain that remains resilient to dif-
ferent types of interference remains a challenge of risk
management.

Nagaich and Sadhna'’ also identified improving com-
pliance with industry and government regulations and
standards (C9) and increasing process efficiency (C11) as
critical criteria to overcoming drug recalls. Meanwhile,
product rejection (C10) in the context of failing to receive
product approval after submissions and products marketed
without an approved new drug application (NDA) or
abbreviated new drug application (ANDA) (C10) are con-
sidered critical criteria for drug recalls.'” Mollah et al.'®
described poor process yield (C13) as an indicator of the
manufacturing process performance and reflect the overall
proportion of products that pass through the compliance
check. In addition, risk assessment is used to examine sys-
tematic hazard under various conditions such as the sys-
tem's ability to evaluate the intended use (C17) or
unintended use (C18) of a product and normal and fault
conditions within the manufacturing processes (C19).'8
Finally, according to ICH risk assessment is used to deter-
mine the magnitude of the risk, which includes determin-
ing the risk is acceptable or unacceptable risks (C20, C21)
perceived by the entity.!”

Risk control

The second aspect is risk control (A2), which is the process
of mitigating and reducing risks to an acceptable level.!”
Mollah et al.'"® outlined the importance of implementing
protective measures (C22) to reduce the probability and
occurrence of a hazardous situation or the severity of the
risk. This component resonates with the initial approach of
the hazard analysis and critical control points (HACCP),
suggested by the USFDA Guidance for Industry on Quality
Risk Management.'® Although MacKenzie'” and Liberati
et al.>* considered administrative controls (C23) as weak
interventions and only limited to controlling the exposure
to hazards on a prevention level, the National Institute for
Occupational Safety and Health (NIOSH) (2015) high-
lighted the role of administrative controls in risk reduction
based on the hierarchy of controls.?® The NIOSH described
its effectiveness in minimizing risks and hazards by adjust-
ing the technical difficulties during workflows to address
the root causes of the system problem.? Validation and
verification procedures (C24) were described as critical
components in risk control to assure systems’ compatibility
to mitigate risks pertinent to the product, process, or project
throughout the manufacturing, drug preparation, and
administration processes. 227

FDA (20006) identified the system’s detectability of haz-
ards (C25) as pivotal element in risk control; it reflects a
system’s capacity in determining the existence of a haz-
ard.?? While ICH suggests processes in place to improve a
system’s detectability of hazards, it also discussed the
probability of introducing new risks into the system or
increasing the significance of other existing risks.!”
Furthermore, risk control encompasses risk tolerance
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Table |I. Pharmaceutical drug recalls aspects and criteria.

Aspects Criteria

References

Risk assessment (Al)

Product not sterile or impure (Cl)

Previous works?'%!718.21-23

Product subpotent or superpotent (C2)

Product contaminated (C3)

Product mislabeled (C4)

Product unsealed or improperly sealed (C5)
Product missing or unusable product (C6)

Ineffective product (C7)

Lack of product supply (C8)

Noncompliance (C9)
Product rejection (C10)
Inefficient process (Cl1)
Misuse of product (C12)
Poor process yield (C13)

Failure to receive product approval (Cl4)

Injury to patient (CI15)

Disruption of product supply (C16)

Intended use (C17)
Unintended use (C18)

Normal and faulty conditions (C19)

Acceptable risk (C20)
Unacceptable risk (C21)
Risk control (A2)

Protective measures (C22)
Administrative controls (C23)

Previous works'?'823-27

Validation and verification procedures (C24)
System detectability of hazards (C25)

Risk tolerance (C26)

Risk mitigation capacity (C27)
Information available to assess the mitigation actions (C28)

Risk communication (A3)

Previous works!'”8:23.28

Effective risk communication plan (C29)
Communication between regulators and industry (C30)
Communication between industry and the patient (C31)

Internal communication (C32)
Identification of new risks or changes to existing risk

Risk review (A4)

Previous works'7:'823

profile during routine operations (C33)
Introduction of new risk controls or changes made to

existing risk control (C34)

Identifying the need for change in previous risk control

decisions (C35)

Reconsideration of risk acceptance decisions (C36)
System that allows the review and monitoring of at-risk

events (C37)
Technology (A5)
Big data analysis (C39)

Blockchain technology (C40)

loT (C41)
3D printing (C42)

Artificial intelligence and machine learning (C38)

Previous works?-3*

loT: Internet of Things; 3D: three-dimensional

(C26) and risk mitigation capacity (C27) as determining
criteria for an entity’s plan for risk acceptance to establish
the level of risk that the organization is willing to allow in
the process, product, or project.'®

Risk communication

The third aspect is risk communication (A3), which
involves sharing information regarding the identified risks

and risk management strategies among all interested par-
ties, such as regulators, sponsors, health care profession-
als, and patients.'” Mollah et al.'® suggests organizations
allow information available to assess the mitigation actions
(C28) and include assessments of residual risks and rec-
ommendation for further action.'”® Lundgren and
McMakin?® described risk communication as a two-way
communication, in which the organization manages the
risk, and the audience carries on a dialogue. Meanwhile,
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outlining an effective risk communication plan (C29) that
is audience focused and combining the elements of strate-
gic planning and public engagement is essential in an
organization’s risk communication process. The internal
and external audiences in risk communication, thus,
involve communication between regulators and industry
(C30), communication between industry and the patient
(C31), and internal communication (C32).2

Risk review

The fourth aspect is risk review (A4), which is a continu-
ous process of following up and reevaluating the system to
determine the existence and significance of risks; it is an
ongoing part of the quality risk management process for
performing risk assessment and risk control.!”?* This pro-
cess entails identifying new risks or changes to current risk
profile during routine operations (C33), introducing new
risk controls or changes made to existing risk control
(C34), identifying the need for change in previous risk
control decisions (C35), reconsidering risk acceptance
decisions (C36), and establishing a system that allows the
review and monitor of at-risk events (C37).'

State-of-the-art technology

The fifth aspect is the applicability of the state-of-the-art
technology (AS), which is key to performing risk mitiga-
tion and ensuring the intactness of the pharmaceutical sup-
ply chain, ranging from manufacturers, distributors, and
patients. Liberati et al.?* discussed the roles of artificial
intelligence and machine learning (C38) in ensuring risk
management and regulatory compliance, as well as its
rapid growth in the pharmaceutical manufacturing indus-
try. The application of artificial intelligence has been
adopted throughout a product’s lifecycle, which includes
drug discovery, manufacturing, quality control, and qual-
ity assurance.”’ Meanwhile, Liu et al.?® demonstrated
machine learning’s role in detecting risks associated with
medications.>® With the digitization of manufacturing pro-
cesses, O’Donovan et al.?® and Hernandez and Zhang?’
discussed the role of big data analysis (C39) in predictive
analytics in identifying risks.?'*> Blockchain technology
(C40) has been recognized as a critical intervention in pro-
viding manufacturing transparency, traceability, and main-
taining the integrity of the pharmaceutical supply chain.3*3*
This helps ensure the intact of supply chain and logistics
blockchain-based supply chain management for pharma-
ceutical drugs. Liberati et al.>* also identified the role of
Internet of Things (IoT) (C41) in manufacturers to opti-
mize factory operations, product quality, and the manufac-
turing logistics.”” In addition, the application of
three-dimensional (3D) printing (C43) in pharmaceutical
manufacturing assists in risk management. Through the
utilization of 3D printing, patient safety can be achieved
via the production of personalized medicine.*

Methods

This section explains the fuzzy DEMATEL method used in
this study. This study examines the causal relationships
between criteria using linguistic expressions to determine
the relative degree of importance; the qualitative informa-
tion is transformed into quantitative crisp values for visual
analysis.’® The DEMATEL method is then used to inter-
pret the causal relationships and interrelationships between
the attributing criteria of pharmaceutical drug recalls.?’
Visual analysis is then presented to facilitate the
discussion.?’

Study background

In this study, a set of criteria is formulated based on the
literature that follows a questionnaire for linguistic evalu-
ation. A group of 11 experts were selected across the phar-
maceutical industry, hospitals, ambulatory care, regulatory
authority, and community care settings for interviews.
These experts include seven pharmacists with more than
12 years of experience in hospital administration, inpatient
pharmacy, ambulatory care, and academia, two representa-
tives from community care practice with more than
10years of experience managing pharmaceutical drug
recalls, one government regulatory authority with 11 years
of work experience in medication safety and risk mitiga-
tion, and one expert from the pharmaceutical industry with
more than 30years of experience in pharmaceutical drug
recall and quality management.

Fuzzy DEMATEL

The uniqueness of fuzzy DEMATEL entails only requiring
a small sample size from experts within the respective dis-
ciplinaries. This study included experts from five different
disciplinaries in pharmaceutical practices as aforemen-
tioned. The detailed formula derivation of fuzzy
DEMATEL can be found in Jaberidoost et al.,!> O’Donovan
et al.,’! and Hernandez and Zhang.>

The first important process of fuzzy DEMATEL is to
convert the human/expert assessment into fuzzy linguistic
variables?® (see Table 2) following the application of
defuzzification operation of fuzzy set theory to convert
fuzzy number into an effective crisp value. The assessment
scale of “relative influence” between any two criteria
determined by expert respondent is categorized into five
fuzzy linguistic scales: N (no influence), VL (very low
influence), L (low influence), H (high influence), and VH
(very high influence) to accumulate the fuzzy direct rela-
tion matrix of the criteria.’® The defuzzification of fuzzy
data into crisp values was calculated using the fuzzy mini-
mum and maximum numbers to determine the left and
right limit values.?**® The resultant cause—effect diagram
generated by fuzzy DEMATEL provides a comprehensive
visual analysis for the criteria which are categorized into
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Table 2. Fuzzy linguistic preferences and scales.

Scale Fuzzy linguistic variable Compounding triangular fuzzy numbers
VL Very low influence (0.0, 0.1, 0.3)

L Low influence (0.1, 0.3,0.5)

M Moderate influence (0.3, 0.5, 0.7)

H High influence (0.5,0.7,0.9)

VH Very high influence (0.7,0.9, 1.0)

Table 3. Converted triangular fuzzy numbers for aspects.

Al A2 A3 A4 A5

Al (1.000, 1.000, 1.000) H (0.500, 0.700, 0.900) VH (0.700, 0.900, 1.000) VH (0.700, 0.900, 1.000) VH (0.700, 0.900, 1.000)

A2 M (0.300, 0.500, 0.700) (1.000, 1.000, 1.000)
A3 L (0.100, 0.300, 0.500) L (0.100, 0.300, 0.500)
A4 M (0.300, 0.500, 0.700) M (0.300, 0.500, 0.700)
A5 L (0.100, 0.300, 0.500) L (0.100, 0.300, 0.500)

H (0.500, 0.700, 0.900)

(1.000, 1.000, 1.000)
M (0.300, 0.500, 0.700)
L (0.100, 0.300, 0.500)

H (0.500, 0.700, 0.900) VH (0.700, 0.900, 1.000)
L (0.100, 0.300, 0.500) M (0.300, 0.500, 0.700)

(1.000, 1.000, 1.000) M (0.300, 0.500, 0.700)
L (0.100, 0.300, 0.500) (1.000, 1.000, 1.000)

VH: very high influence; L: low influence; H: high influence.

cause and effect groups to indicate their interrelationships
and the influential effects between the groups. This study
employs the following four analytical steps:

1. Converting linguistic assessment into fuzzy numer-
ical data

2. Defuzzifying triangular fuzzy numbers into crisp
values

3. Constructing interrelationship matrix for the crisp
values and aspect-criteria grouping

4. Mapping of a cause—cffect diagram.

Results

The results are presented in the analytical steps, as
follows.

Step 1: Converting linguistic assessment into fuzzy
numerical data.

The assessment data from the expert respondents are
available in linguistic forms. These linguistic data are then
transformed into triangular fuzzy numbers, as Table 3
shows.

The same data collection technique is implemented for
42 criteria as indicated in Table 1. The linguistic form of
data ranging from “VL” to “VH” is using the same scale
for evaluating the interrelationships among criteria.

Step 2: Defuzzifying the triangular fuzzy numbers of
relative influence into crisp values.

Because these fuzzy numbers of the assessment of rela-
tive influence among aspects are not possible to compute,

Table 4. Crisp values of relative influence assessment for the
aspects.

Al A2 A3 A4 A5
Al 0.859 0.296 0.404 0.375 0.352
A2 0.458 0.705 0.444 0.513 0.442
A3 0.402 0.171 0.785 0.354 0.358
A4 0.440 0.206 0.328 0.822 0.320
A5 0.285 0.186 0.250 0318 0.737

procedures need to be followed to resolve the vague mean-
ings and obtain precise, crisp values. Table 4 presents the
average crisp values of the aspects for all the expert
respondents. Meanwhile, Tables 5-8, show the crisp val-
ues of the criteria for all the expert respondents.

Step 3: Constructing interrelationship matrix for the
crisp values and aspect-criteria grouping.

The aspects, including risk assessment (A1), risk con-
trol (A2), risk communication (A3), risk review (A4), and
technology (AS5), are set into an interrelationship matrix.
Table 9 shows the total interrelationship matrix of the
aspects. This matrix is then transformed into cause—effect
interrelationships among the aspects, as seen in Table 10.
The same method is employed in the analysis of criteria.
There are 42 criteria that are involved and are set into an
interrelationship matrix, as seen in Tables 11-14, showing
the total interrelationship of the criteria. The matrix is then
converted into cause—effect interrelationship matrix, as
Tables 15 and 16.

In either Table 9 or Tables 11-14, there are driving
power (D) and dependence power (R); the values of D and
R are obtained from the accumulation of rows and
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Table 9. Interrelationship matrix of the aspects AI-AS.

Al A2 A3 A4 A5
Al 1.432 0.722 1.095 I.154 1.061
A2 1.382 0.987 1.233 1.359 1.228
A3 1.085 0.579 1.153 1.0l6 0.950
A4 1.143 0.619 0.969 1.274 0.960
A5 0.868 0.502 0.760 0.854 0.992

Table 10. Cause—effect interrelationships among the aspects.

D R Importance Cause/Effect
(D+R) (D-R)
Al 5.464 5.910 11.375 0.446
A2 6.189 3.410 9.599 2.778
A3 4.784 5.210 9.994 0.427
A4 4.965 5.656 10.621 0.691
A5 3.976 5.191 9.167 1.214

columns, respectively. (D + R) represents the importance
of aspects/criteria. Also, (D—R) >0 represents the aspect/
criteria belonging to the causal group while (D—R) <0
represents aspect/criteria belonging to effect group. The
mapping of (D + R) and (D—R) is then transferred into the
horizontal and vertical axes of the cause—effect diagram as
shown in Figure 1.

Step 4: Mapping the cause—effect diagram.

Figure 1 concludes the interrelationships between each
aspect, and as seen in the figure, there is one aspect that
falls within the causal group: Risk control (A2), while the
remaining aspects belong to the effect group. Risk control
(A2) is the main influencing aspect of pharmaceutical
drug recalls and has the strongest impact on risk assess-
ment (A1) and risk review (A4); in the meantime, it gen-
erates medium effects on risk communication (A3) and
technology (AS5). On the contrary, risk assessment (Al),
risk communication (A3), and risk review (4) demon-
strated comparative weak interrelationships, while risk
communication (A3) exhibits a weak unidirectional effect
on risk review (A4). Finally, risk assessment (A4) exerts a
weak influence on technology (AS5) application and
development.

Figure 2 illustrates the distribution and the cause—effect
interrelationships among the criteria. The results show that
Cl, C2, C3, C4, C5, C6, C7, C9, C10, C14, C15, C22,
C23, C24, C25, C27, C28, C33, C35, C37, C38, and C39
are the cause criteria and that C8, C11, C12, C13, C16,
C17, C18, C19, C20, C21, C26, C29, C30, C31, C32, C34,
C36, C40, C41, and C42 fall within the effect group.
Among the causal group, product contamination (C3),
product subpotent or superpotent (C2), injury to patients

(C15), product not sterile or impure (C1), and system
detectability of hazards (25) have the strongest influence
in the causal group.

Discussion

This section discusses the study’s theoretical and practical
implications for minimizing pharmaceutical drug recalls
and maximizing patient safety in the literature and
industries.

Theoretical implications

This study presents the causal aspects of pharmaceutical
drug recalls and discusses the theoretical implications to
the literature. Based on the results, this article successfully
identified that among the five important aspects, risk con-
trol (A2) is the main and dominating causal aspect of phar-
maceutical drug recalls and has leading influence on risk
assessment (A1) and risk review (A4); in the meantime, it
yields medium effects on risk communication (A3) and
technology (AS5). The remaining aspects are within the
effects group. This indicates risk control plays a significant
role in reducing pharmaceutical drug recalls and maximiz-
ing patent safety. Prior studies also resonated with this
finding in which risk control has a substantial impact on
pharmaceutical manufacturing, drug administration, and
patient safety.3>4

Risk control is a decision-making process intended for
reducing and accepting risks. The primary goal of risk con-
trol is to minimize the risk to an acceptable level that pre-
vents patients from harm.?® Risk control activities typically
involve identifying controls and measures that may mini-
mize or manage the risks associated with a failure mode or
negative event throughout the pharmaceutical manufactur-
ing, delivering, and administration processes. Risk control
activities are key for identifying pivotal process parame-
ters for certain controls, how they will be oversaw, and the
level of qualification and validation for such controls.® It
helps determine optimal balance between benefits, risks,
and possibilities of introducing new risks within the con-
text of patient safety. Although risks should be eliminated
in all circumstances and mitigated based upon severity,
probability of occurrence, and detectability, the acceptabil-
ity of a risk is critical for determining further actions for
these measures.*

The study findings also suggest that risk control dis-
plays a strong influence on risk assessment and risk review
and demonstrated the interrelationship between all three
aspects within the domain of quality risk management.
Risk assessment is the routine of identifying risks and
understanding the standard procedures. According to the
ICH Q9 risk management, risk is composed of the proba-
bility of occurrence of harm and the severity of that harm.!”
Detectability of risks entails identifying and evaluating the
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Table 15. Cause—effect interrelationships among the criteria.

D R Importance  Cause/Effect
(D+R) (D-R)
Cl 3915 2.467 6.381 1.448
C2 4.028 2.398 6.426 1.630
C3 4.035 2.522 6.558 1.513
C4 3.338 2.686 6.024 0.652
() 3.004 2.731 5.735 0.273
Cé 3.202 2.709 5911 0.493
Cc7 3.356 2.783 6.139 0.573
Cc8 2712 3.241 5.952 0.529
c9 3.351 2.324 5.676 1.027
Clo 3.091 2.642 5.733 0.449
Cll 1.501 3.734 5.236 2.233
Cl2 2.444 3.163 5.608 0.719
ClI3 1.759 3.607 5.365 1.848
Cl4 3.199 2,617 5816 0.581
Cl5 4.766 1.635 6.401 3.131
Cleé 3.033 3.069 6.102 0.037
Cl7 1.847 3.560 5.407 1.713
Ci8 1.956 3.738 5.694 1.782
Cl9 2.280 3.400 5.681 1.120
C20 1.938 3.652 5.591 1.714
C21 2.240 3.336 5.576 1.096

Table 16. Cause—effect interrelationships among the criteria.

D R Importance  Cause/Effect
(D+R) (D-R)
C22 3214 2.869 6.083 0.344
C23 3.307 2.675 5.982 0.632
C24 3452 2.746 6.198 0.706
C25 3.775 2.598 6.373 1.178
C26 2.625 3.231 5.856 0.606
C27 3273 2.803 6.076 0.470
C28 3.018 2.938 5.955 0.080
C29 2912 3.052 5.963 0.140
C30 2.896 3.144 6.039 0.248
C31 2.742 3.328 6.070 0.586
C32 2.421 3.231 5.652 0.810
C33 3.351 2716 6.067 0.634
C34 2.554 3.089 5.643 0.535
C35 2.964 2911 5.875 0.053
C36 2.586 3.252 5.838 0.665
C37 3.144 2.750 5.894 0.394
C38 3.233 2.960 6.193 0.272
C39 2.982 2.937 5.920 0.045
C40 2.553 3242 5.795 0.688
C41 2.364 3319 5.682 0.955
C42 2.521 3316 5.837 0.795

probability of a risk occurrence; however, devoting
resources and time to identifying risks without construc-
tive strategies to minimize and reduce risks have minimal

efficacy to prevent patient harm. Moreover, many systems
highlighted for risk monitoring and detection (i.e. quality
control) rely on small sample sizes, which could poten-
tially introduce errors and inaccuracy.*! Thus, the process
of risk assessments should be centered around risk control
to better ensure risk management. Risk review, on the con-
trary, represents the process of periodically reviewing and
reassessing current procedures and information that may
impact on the original quality risk management deci-
sions.'®* Content of the review should include changes to
existing control systems, equipment and procedures, and
organizational restructure. Monitoring is the scheduled
measurement or observation of a specific risk control
measure relative to its acceptance limits.?* Hence, the pro-
cess of risk review highly relies on risk control to carry out
effective measures to monitor and reduce risks.

Risk assessment and risk review are conventional pro-
cesses already integrated in all practices ranging from
pharmaceutical industry manufacturing, supply chain, and
health care services. Determining the risk was the objec-
tive of risk management; however, improving process
through risk control and risk mitigation is a key to ensur-
ing product quality and patient safety. The strategies for
risk control ought to entail risk reduction to minimize any
potential risks, as well as establishing the level of risk
acceptance that helps determine an acceptable risk level or
if additional mitigation strategies are needed.'® Defining
risk acceptance is key within the domain of risk control as
it determines whether additional actions should be taken to
mitigate the associated risks. Future studies on pharmaceu-
tical drug recall’s impact on patient safety could place an
emphasis on various risk control measures and the extent
of effectiveness in mitigating different levels of risks.

In sum, to achieve patient safety, this study suggests
focusing on risk control strategies, as this aspect exhibits
the strongest effect on influencing other critical risk man-
agement aspects such as risk assessment and risk review.
Improving risk control measures in all pharmaceutical
practices, ranging from pharmaceutical industries, health
care professionals, and regulators is critical for preventing
patient harm and optimizing patient safety.

Practical implications

This section presents the criteria to provide practical
insights to improve patient safety associated with pharma-
ceutical drug recalls. The important causative criteria,
including product contamination (C3), product subpotent
or superpotent (C2), injury to patients (C15), product not
sterile or impure (C1), and system detectability of hazards
(25), provide practical insights regarding pharmaceutical
drug recalls effects on patient safety. The associated action
plans that can help improve the sector are discovered.
Product contamination (C3) has the strongest influence
on pharmaceutical drug recalls. It entails any substances
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Figure 2. Cause—effect diagram for criteria.

other than the drugs that are present in the product, which
includes bacterial, fungal, heavy metal, or other foreign
particulate contaminants. This also entails any suspected
or confirmed contamination, as well as product adultera-
tion.> Based on previous retrospective reviews on regula-
tory alerts in the United States and Canada, product
contamination was found to be the most common and

concerning issue causing recalls for dietary supplements,
prescription, and nonprescription products.*** To effec-
tively reduce the risk of pharmaceutical drug recalls and
ensure patient safety, pharmaceutical industries should
emphasize risk control systems on product contamination
to maintain product quality and timely mitigate any associ-
ated risks. Based on this finding, the prevention of product
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contamination should be the top priority of all key stake-
holders as it is more likely to cause patient harm and lead-
ing to a pharmaceutical drug recall. Health care providers
should remain vigilant on information regarding product
contamination to ensure these products do not reach
patients and inform patients about the risks. Meanwhile, if
patients develop unexpected adverse events while taking
these products, health care professionals should immedi-
ately report the events and advise patients to seek medical
attention. This finding also suggests the urge for a more
stringent regulatory framework and industry standards to
protect the public from being exposed to suspected and
confirmed contaminated products. Increased implementa-
tion of existing regulations improved self-regulation by
manufacturers, and robust regulations should be incorpo-
rated to improve the overall medication quality and patient
safety.

Product potency such as subpotency or superpotency
(C2) is considered one of the core quality criteria (CQAS)
that affect the safety and efficacy of a product.'®* The
change of product potency impacts the strength of a drug
substance, which could lead to treatment failure or unex-
pected adverse events. Thus, it is imperative for the phar-
maceutical industries to always include potency as one of
the CQAs of all drug products during the pharmaceutical
development process to ensure the consistency and better
monitor the potency of the product. Patient safety is jeop-
ardized when product quality deteriorates; hence, indus-
tries should strongly adhere to guidelines to ensure product
potency during the pharmaceutical and manufacturing pro-
cesses. Meanwhile, health care professionals should assist
with the process for preventing patients from being
exposed to these types of products and educate patients to
avoid purchasing deviated products online. Health authori-
ties should enforce regulations to prevent the public’s sus-
ceptibility to substandard and falsified medications.

Products causing harm or hazard to patients including
but not limited to adverse drug reactions, hospitalizations,
or fatal events fall under the category of patient injury
(C15). Pharmaceutical and health care industries have the
obligations to ensure patient safety; thus, all stakeholders
should focus risk management approaches on patient
safety and explore optimal risk management tools within
standard practices to avoid patient injury to all extent.
Consistent application of risk control measures is critical
to ensure risks are mitigated and removed in the exposed
populations. To achieve this, the pharmaceutical industries
should enhance routine pharmacovigilance safety surveil-
lance activities during premarketing and postmarketing
drug development phases, as well as monitoring product
quality throughout the manufacturing processes. Health
care providers may conduct a root cause analysis to deter-
mine the patient, personnel, policy, environmental, and
procedural factors that contribute to the issue and imple-
ment risk control strategies to prevent medication errors

and human errors from reaching patients in all aspects of
prescribing, dispensing, and administering medications.*
In the meantime, health authorities must consider expand-
ing the use of adverse reaction reporting systems to receive
reports promptly and execute mitigation actions expedi-
tiously. Health authorities may also educate the public the
use of recall notification systems and how to stay informed
on the status and updates on pharmaceutical drug recalls.

This study also recommends product not sterile or
impure (C1) as one of the top five leading criteria of phar-
maceutical drug recalls. Unsterilized or microbial contam-
ination of purportedly sterile products is considered as
hazards that may pose harm to patients. Achieving sterility
for parenteral products has been the ultimate goal of both
industry and regulators. While aseptic processing proce-
dures, such as sterile sampling, filtration, filling, and lyo-
philization, are considered as higher risk processes, the
primary source of nonsterility and microbial contamina-
tion in aseptic processing is recognized to be personnel.'®
To better minimize the risks associated with sterility, the
manufacturing processes should tailor control strategy to
include frequent microbial monitoring of air, surfaces, and
personnel. Incorporating sterility assurance in validation
processes would also help ensure the level of sterility.
Health care professionals should carefully inspect sterile
products before sterile compounding and drug administra-
tion for potential cloudiness, crystallization, or unusual
colors prevent unsterile and impure products from reach-
ing patients. In addition, regulators should perform fre-
quent testing on sterile products to ensure the quality and
safety of these marketed products.

The system’s detectability of hazards (C25) is critical
for an entity or organization to identify and determine any
new or existing hazards. This influences the decision-mak-
ing process in manufacturing risk management, and spe-
cifically in risk control. Detection measures the capability
of existing controls to detect the failure event and to pre-
vent a substandard product from reaching patients.'
Having a sensitive detection system allows expeditious
action plans for risk mitigation and risk control; thus,
stakeholders across pharmaceutical industries, health care
settings, and regulatory authorities should strive to enhance
the system’s detectability of hazards within each entity.

Limitations and future study directions

There are a few limitations to this study. The study did
not differentiate the severity of risks and different types
of recalls in the discussion. Future studies can consider
examining the different classes of recalls and their
impact on patient safety. This study is based on expert
opinions, which could potentially introduce bias when
limited number of participants are included. In future
studies, the sample of experts can be enlarged to further
develop the interrelationship DEMATEL model using
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linguistic preferences. The generalizability of this study
excluded certain categories such as medical devices,
combination products, and herbal and dietary products.
Alternatively, future studies could overcome this limita-
tion by including other subgroup products to examine
their causal relationships of risks in these categories on
patient safety from a different angle. There is also an
imbalanced distribution among the expert respondents’
professional background and country representations;
hence, future studies should involve a more diverse and
balanced professional background to ensure experts’
representations from all fields.

Conclusion

Pharmaceutical drug recalls are driving factors that pose
harm to patient safety and constitute threats to global pub-
lic health. This study involves 42 criteria grouped under
five aspects including risk assessment, risk control, risk
communication, risk review, and technology. This study
applied fuzzy DEMATEL to the structure of quality risk
management to examine the pharmaceutical drug recall
criteria’ causal interrelationships by clarifying the experts’
opinions using their linguistic preferences. Based on the
adaption of the ICH Q9 framework, this study proposed a
set of criteria to assess the impact of pharmaceutical drug
recalls on patient safety using linguistic preferences. This
assessment offers a decision-making tool that will be help-
ful for decision makers and policy-makers, such as the
government (regulatory and health authorities), health care
providers, and pharmaceutical industries.

The results show risk control exhibits the strongest
effect toward the aspects in the effect group including risk
assessment and risk review. Essentially, prioritization of
risk control in all areas is needed to maximize patient
safety. Overall, 42 criteria are categorized into cause and
effect criteria groups. This study recommends top five
causative criteria for pharmaceutical drug recalls as prod-
uct contamination, product subpotent or superpotent,
injury to patients, product not sterile or impure, and system
detectability of hazards. To achieve the goal of reducing
pharmaceutical drug recalls and improving patient safety,
all key stakeholders should prioritize practical changes in
these top five causative criteria.

This research suggests future studies examine different
types of recalls and their impact on patient safety and
ensure a proportionate distribution of the experts’ profes-
sional background and country representations. As an
extension of this study’s results, future studies should con-
sider investigating criteria in a wider range by including
other categories of medications and medical device. More
studies are needed to better understand risks associated
with pharmaceutical drug recalls on patient safety, not
only by identifying the causing and affected criteria, but
also challenges in implementation.
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