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Abstract
Over the past several decades, pharmaceutical manufacturing has become increasingly global and supply chains have become 
longer, more complex, and fragmented. While pharmaceutical products available to patients and customers typically conform 
with appropriate standards, supply chains are often affected by disruptive events and shocks that impact public health. One 
approach to assuring the availability of quality pharmaceutical products is to encourage drug manufacturers to invest in qual-
ity management maturity (QMM) and promote continual improvement. The interests of patients are served by risk-based 
drug shortage prevention and mitigation activities that help to proactively manage supply chain complexities and ensure 
availability of drugs. This paper demonstrates that adherence to certain quality practices enables improved manufacturing 
performance. Prior research has identified quality practices that are correlated with manufacturing performance. To better 
understand how these quality practices can be characterized, measured, and analyzed, this research project conducted a 
voluntary global study of pharmaceutical manufacturing establishments. Over 200 global pharmaceutical manufacturing 
establishments participated in this Quality Benchmarking Study (QBS) and provided data on manufacturing performance 
and self-assessments of adherence to quality practices. The analysis of these data found that the implementation level for 
selected quality management practices correlates positively with certain Key Performance Indicators (KPIs). More specifi-
cally, we found a significant positive correlation between (i) Delivery Performance and (ii) Application of QMM principles 
associated with Technical Production.

Keywords  Pharmaceutical manufacturing · Quality management maturity · Supply chain · Drug shortage prevention · 
Global study

Introduction

Part of the mission of the US Food and Drug Administra-
tion (FDA) is to ensure that quality pharmaceuticals are 
available for patients and consumers. FDA’s regulatory and 
research activities give the American public confidence of 
pharmaceutical quality, achieved by assuring that each dose 
of medicine is safe, effective, and free of contamination and 
defects. By law, all pharmaceutical manufacturing establish-
ments must adhere to Current Good Manufacturing Prac-
tices (CGMP), which define the minimum manufacturing 
standards for drugs marketed in the USA.1 Compliance with 
CGMPs ensures proper design, monitoring, and controls for 
manufacturing processes and establishments.
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Patients and consumers deserve confidence in the 
availability of their medicines. However, even prior to 
the Coronavirus Public Health Emergency, the global 
pharmaceutical supply chain confronted significant drug 
shortages and product recalls, largely for legacy products. 
Disruptions in the global pharmaceutical supply chain are 
recognized as a public health crisis (1) that puts patients 
at risk (2). Drug shortages are the result of many fac-
tors, including the “inability of the market to observe and 
reward quality” (3).

This limited patient access to critical drug products and 
undermined healthcare (4). The 2019 report Drug Shortages: 
Root Causes and Potential Solutions (5) issued by the multi-
agency Federal Drug Shortages Task Force reported that 
62% of drugs that went into shortage between 2013 and 2017 
were associated with manufacturing or product quality prob-
lems, such as substandard manufacturing processes or quality 
defects in the finished product. These problems necessitate 
remediation and require time to address, interrupting produc-
tion and leading to shortages. The Drug Shortages Task Force 
identified one root cause of drug shortages to be the fact that 
the market does not recognize and reward manufacturers for 
having mature quality management practices that focus on 
continual improvement and early detection of supply chain 
issues. As an enduring solution for this root cause, the report 
recommended the development of a ratings system to incen-
tivize drug manufacturers to invest in quality management 
maturity (QMM) for their establishments. QMM is the state 
attained when drug manufacturers have consistent, reliable, 
and robust business processes to achieve quality objectives 
and promote continual improvement.

Over the past few years, FDA has initiated several efforts to 
improve drug quality (6–8) and study the relationship between 
quality management practices and manufacturing performance. 
An important finding from these efforts is that quality metrics 
can be used to monitor and control manufacturing processes 
as well as inform the continual improvement of product and 
process design (9–11). The research has also identified sound 
measurements for performance and cultural excellence (12–14). 
As the underlying knowledge of effective quality management 
has evolved, we have recognized the importance of a holistic 
approach that integrates quality metrics with mature quality 
management practices.

Recently, FDA proposed the development of a QMM pro-
gram. The program seeks to develop objective ratings for the 
maturity of drug manufacturing establishments and their ability 
to deliver high-quality drug products reliably and without dis-
ruption. Operationalizing a QMM rating program for pharma-
ceutical establishments requires a collaborative and transparent 
partnership between FDA, industry, academia, and additional 
stakeholders. Establishments that have demonstrated higher lev-
els of QMM may benefit from future regulatory flexibility for 
post-approval changes.

Recognizing the importance of QMM and the relation-
ship to supply reliability, there has been a push from FDA2 
and industry3 to develop frameworks for assessing maturity 
levels and promoting robust quality management practices. 
The Quality Benchmarking Study leveraged insights from 
industry-led efforts and was designed to collect objective 
data to inform both FDA and industry on key quality man-
agement practices that correlate with performance.

The QMM Program envisioned at CDER is a holistic 
approach that utilizes quality metrics to inform decision-
making but also focuses on effective quality management 
practices. Hence, the effective use of quality metrics is one 
important element of robust QMM at an establishment. 
Research shows that quality management maturity and 
manufacturing performance are correlated and has identified 
quality management practices that most strongly differenti-
ate establishments based on quality management maturity 
levels. More mature quality management practices proac-
tively focus on outcomes that affect the patient or consumer, 
including reducing quality issues that might lead to defects, 
complaints, shortages, and quality-related adverse events. 
Establishments investing in mature quality management 
practices not only ensure reliable supply and less defects, 
but also obtain efficiency gains (e.g., speed, throughput, sup-
ply timeliness, etc.).

In the next section, this paper presents the methodology 
for data collection. Subsequent sections present and discuss 
the results. Finally, the paper concludes by elaborating on 
anticipated future activities and research opportunities.

Materials and Methods: Operational 
Excellence Benchmarking Methodology

To assist FDA CDER with identifying key quality manage-
ment practices that correlate with manufacturing perfor-
mance, Dun and Bradstreet (D&B), a global data and ana-
lytics company, leveraged its Worldwide Network partners4 
covering 190 countries and markets to collect objective data 
through active participation and engagement across the 
global pharmaceutical manufacturing community. As part 
of this effort, FDA funded a research collaboration between 
D&B and the Institute of Technology Management at the 
University of St. Gallen, a leading research institution in the 

2  For example: FDA’s Center for Devices and Radiological Health’s 
(CDRH) Case for Quality (15) and FDA’s Center for Drug Evaluation 
and Research’s (CDER) Quality Management Maturity Program (16, 
17)).
3  For example: Parenteral Drug Association’s (PDA) Quality Culture 
research (18, 19) and International Society for Pharmaceutical Engi-
neering’s (ISPE) Advancing Pharmaceutical Quality (20) and Propos-
als for FDA Quality Metrics Program (21).
4  https://​www.​dnb.​com/​about-​us/​our-​world​wide-​netwo​rk.​html.
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field of Operational Excellence (OPEX) in the pharmaceu-
tical industry. St. Gallen defines OPEX in pharmaceutical 
manufacturing as not only a measure of high performance, 
but also the way in which high performance is achieved and 
how continual improvement is sustained (12–14).

The combination of the St. Gallen Pharmaceutical OPEX 
Benchmarking methodology with the reach and resources of 
D&B resulted in the Quality Benchmarking Study (QBS), 
an OPEX assessment applied to a sample of establishments 
that legally market drugs in the USA. The QBS deployed a 
questionnaire to obtain quantitative responses related to Key 
Performance Indicators (KPIs) that evaluate pharmaceuti-
cal manufacturing performance and Enablers, questions that 
measure the degree of implementation of selected quality 
management practices.

Key Performance Indicators (KPIs)

KPIs are objective, quantifiable measurements of a phar-
maceutical manufacturing establishment’s operational per-
formance that may be predictive of manufacturing quality 
failures and potential drug shortages. Based on statistical 
analyses, a subset of 13 KPIs from the comprehensive St. 
Gallen benchmarking program were identified to be included 
as QBS metrics. Table I lists these 13 KPIs across four 
categories.

The raw KPI values collected from the questionnaire 
respondents are not comparable across KPIs. For example, 
one cannot compare reported accidents for safety level to the 
percentage of total working time for sick leave, nor can the 
two KPIs be combined to summarize a People section KPI. 
To facilitate a comparison of the thirteen KPIs and the cal-
culation of summarized KPIs for overall and the four broad 
categories, the OPEX benchmarking methodology trans-
forms the raw response values of each KPI into percentiles 
that compare each establishment with other establishments 
in its peer group. The OPEX benchmarking methodology 

assigns establishments to one or more of the following four 
peer groups based on the types of products manufactured:

•	 Small Molecule Drug Substances
•	 Large Molecule Drug Substances (i.e., therapeutic bio-

logical products)
•	 Sterile Drug Products
•	 Non-Sterile Drug Products

The Overall KPIs were derived as the average of the peer 
group-specific KPIs, providing a basis for comparison across 
all establishments regardless of the types of products they 
manufactured. Similarly, we calculated Section Scores for 
Maintenance, Quality, Delivery, and People as the average 
of the peer group-specific performance scores for the KPIs 
within each section. Figure 1 summarizes the QBS bench-
marking methodology and the calculation of the Overall 
KPIs and Section Scores.

Enabler Questions

The QBS Questionnaire contained Enabler questions in 
addition to those used to benchmark KPIs. These Enabler 
questions measure the degree to which an establishment 
adheres to quality practices. Each Enabler question was self-
assessed on a 1–5 Likert scale, where higher values repre-
sent a more comprehensive implementation of the QMM 
element. Unlike the KPIs, Enablers were not collected by 
peer group as the practices are comparable across products 
manufactured. Thus, each establishment had a single value 
for each Enabler, irrespective of the number of products 
manufactured at the establishment. Table II lists the Enablers 
included in the QBS study.

Enabler questions are partitioned into three categories: 
Organization Enablers assess the incorporation of feedback 
systems and continual improvement, Social and Employee 
Enablers measure employee training and engagement, and 

Table I   Quality Benchmarking 
Study KPIs Maintenance Quality

• Share of unplanned maintenance (of all time spent on 
maintenance)

• Ratio: maintenance full-time equivalent (FTE) to Total FTE

• Rejected batch rate (relative to all batches 
produced)

• Recurring deviation rate (relative to all 
deviations)

• Ratio: quality FTE to total FTE
• Invalidated out-of-specification rate (of 

all out-of-specification results)
• Average deviation closure time

Delivery People
• Order fulfilment customer—percentage delivery on time/

right quantity
• Order fulfilment supplier—percentage received on time/

right quantity
• Customer complaint rate (relative to dosage units)
• Adherence to standard lead time (Lab)

• Safety level—reported accidents
• Sick leave as a percentage of total work-

ing time
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Technical and Tools Enablers quantify the degree of imple-
mentation of technical methods and tools for optimization. In 
total, the QBS Questionnaire included 18 Enabler questions.

Results: Quality Benchmarking Study 
Execution

Execution of the QBS Questionnaire was a significant task 
as it required coordination with the D&B Worldwide Net-
work, an extensive network of regional partners. These in-
country resources conducted outreach to establishments in 
52 countries and used an online module to collect question-
naire responses. Support services included questionnaire 
assistance from subject matter experts and data analysis to 
ensure data quality. Once completed, the team processed the 
data through St. Gallen’s OPEX Benchmarking methodology 
(12–14). In total, 208 establishments completed the QBS 
Questionnaire: 84 in Asia, 57 in Europe, 54 in the Americas, 
and 13 spread over the rest of the world. These counts show 
that respondents were relatively balanced between Asia, 
Europe, and the Americas.

Results: Pharmaceutical Quality 
Management Practices that Drive 
Operational Excellence

The goal of QBS was to leverage data-driven analytic tech-
niques for the identification and extraction of specific qual-
ity management practices that drive higher manufacturing 
performance. The following sections of the paper detail this 
analysis, starting with an overall correlation analysis between 
Enabler responses and the KPIs, including each of the four 
section scores. We then analyzed a selection of Enablers from 
the Technical and Tools section and identified quality man-
agement practices that drive higher Delivery KPIs, focusing 

only on statistically significant results based on the QBS data 
collected.

For each of the Technical and Tools Section Enablers, 
we sought to identify the level of maturity and the associ-
ated behaviors that differentiate higher Delivery Performance 
from lower, as determined by the data collected. For some of 
these Enablers, the highest level of implementation (level 5) 
was required to demonstrate statistically significant differen-
tiation in Delivery performance between it and the remaining 
levels of implementation. For other Enablers, maturity behav-
iors associated with lower levels of implementation were the 
differentiators. Thus, the levels of implementation associated 
with high Delivery performance differ among the 5 Enabler 
analyses presented.

Correlation Analysis

Enabler responses capture information related to fundamental 
quality management practices. One primary QMM program 
goal is to encourage the implementation of these quality man-
agement practices by industry as they are drivers for superior 
production quality and performance. The analysis in Table III 
correlates the Enabler responses with the KPIs to identify sta-
tistically significant drivers of higher Delivery performance. 
Highlighted cells indicate statistically significant correlations.

Note that only the five enabler questions with at least 
one significant positive correlation with KPI Section Scores 
were included in the table, each only correlating with the 
Delivery KPIs.

QMM Element #1: Spare Parts for Bottleneck 
Machines

A process bottleneck occurs when a stage of the manufactur-
ing process chain cannot achieve its expected throughput, 
often caused by a temporary issue such as a machine break-
ing down. The QBS asked respondents about their approach 

Fig. 1   QBS benchmarking 
methodology. FTE, full-time 
equivalent; IOOS, invalidated 
out of specification
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to bottlenecks in the Technical and Tools Enabler question 
presented in Table IV.

The correlation analysis previously presented in Table III 
demonstrated that there was a significant positive correlation 
between the level of Bottleneck Enabler implementation and 
the Delivery KPI. Further analysis of the QBS questionnaire 
responses found significant discrimination between respond-
ents that indicated level 5 implementation versus levels 1 
through 4 implementations with mean Delivery KPIs of 50.3 
and 40.9, respectively. The one-tailed t-test found the mean 
Delivery KPI to be significantly greater for respondents 
with higher levels of implementation (t = −2.704, p-value 
= 0.004). Bootstrap sampling of the t-statistic found a simi-
lar significance value (p-value = 0.004), indicating that the 
conclusion maintains validity if the t-test assumptions are 
violated.

QMM Element #2: Statistical Process Control (SPC)

SPC is leveraged by mature establishments to ensure con-
sistency and quality of the drugs produced. Statistical tools 
such as control charts and scatterplots give indications of 
whether variations in critical process parameters are within 
a specified acceptable tolerance. Otherwise, a process is said 
to be “out of control.” The QBS Questionnaire asked partici-
pants about their use of SPC tools in the Enabler question 
presented in Table V.

The correlation analysis previously presented in Table III 
demonstrated that there was a significantly positive correla-
tion between the degree of SPC Enabler implementation and 
the Delivery KPI. Further analysis of the QBS Question-
naire responses found significant discrimination between 
respondents that indicated Levels 3 through 5 implemen-
tations versus levels 1 and 2 implementations with mean 
Delivery KPIs of 51.4 and 41.2, respectively. The one-tailed 
t-test found the average Delivery KPI to be significantly 
greater for respondents with higher levels of implementa-
tion (t = −2.9671, p-value = 0.002). Bootstrap sampling of 
the t-statistic found a similar significance value (p-value = 
0.002), indicating that the conclusion maintains validity if 
the t-test assumptions are violated.

QMM Element #3: Quality Risk Management (QRM) 
Process

The use of knowledge management and quality risk man-
agement provides the means for science and risk-based 
decisions related to product quality. Product and process 
knowledge should be managed from development through 
the commercial life of the product up to, and including, 
product discontinuation. Effective QRM is dependent 
upon effective knowledge management and provides a 
proactive, systematic approach to the identification and Ta
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avoidance of quality issues, ensuring quality/availability 
and product consistency throughout its lifecycle (22) and 
is integral to an effective pharmaceutical quality system. 
In the case of an issue, QRM utilization enables improved 
decision-making with respect to risk facilitated by sci-
ence-based discovery of pertinent information. With the 
enabler question presented in Table VI, the QBS Ques-
tionnaire asked participants about their use of formal 
QRM processes, i.e., QRM processes defined by each 
establishment that cover all QRM elements for all stages 
of a drug’s lifecycle.

The correlation analysis previously presented in 
Table  III demonstrated that there was a significantly 

positive correlation between the degree of QRM process 
implementation and the Delivery KPI. Further analysis 
of the QBS Questionnaire responses found significant 
discrimination between respondents that indicated levels 
4 and 5 implementations versus levels 1 through 3 imple-
mentations with mean Delivery KPIs of 48.7 and 37.9, 
respectively. The one-tailed t-test found the average deliv-
ery score to be significantly greater for respondents with 
higher levels of implementation (t = −2.8096, p-value 
= 0.003). Bootstrap sampling of the t-statistic found a 
similar significance value (p-value = 0.003), indicating 
that the conclusion maintains validity if the t-test assump-
tions are violated.

Table III   Enabler Correlations 
with KPI Metrics Selected Enabler Ques�ons

Spearman Correla�on
Quality Benchmarking Study KPI Sec�on

Delivery Maintenance People Quality
To what degree have you implemented 5S? 17.0% -7.4% 3.2% 4.1%
To what degree do you use sta�s�cal process control 
(SPC)? 22.1% 4.3% 13.8% 13.6%

Do you apply a formal quality risk management 
(QRM) process for all products and are your 
employees trained accordingly?

21.0% 0.4% -5.1% 3.9%

To what degree are poten�al bo�leneck machines 
iden�fied and proac�vely supplied with addi�onal 
spare parts?

20.0% -4.9% -7.1% 8.0%

Do you measure Correc�ve Ac�on and Preven�ve 
Ac�on (CAPA) effec�veness and iden�fy CAPAs that 
are not effec�ve?

16.8% -3.9% -3.5% 5.5%

Table IV   Bottleneck Enabler Question

To what degree are potential bottleneck machines identified and proactively supplied with additional spare parts?

Technical and Tools Enabler Responses for Bottlenecks % Respondents Mean 
Delivery 
KPI

Group 1 1. Bottleneck machines are not identified.
2. Bottleneck machines are identified, but not in a dedicated process and not supplied with additional 

spare parts proactively.
3. Bottleneck machines are identified in a dedicated process, but not supplied with additional spare parts 

proactively.
4. Bottleneck machines are identified in a dedicated process, but only some are supplied with additional 

spare parts proactively.

45.1% 40.9

Group 2 5. Bottleneck machines are identified in a dedicated process, which is updated regularly, and fully fol-
lowed up by supplying additional spare parts proactively.

54.9% 50.3

Table V   Statistical Process Control (SPC) Enabler Question

To what degree do you use statistical process control (SPC) in your processes?

Technical and Tools Enabler Responses for SPC Implementation % Respondents Mean 
Delivery 
KPI

Group 1 1. SPC not or rarely utilized, no equipment with real-time monitoring
2. SPC partly (>30%) utilized, no equipment with real-time monitoring

38.6% 41.2

Group 2 3. SPC often utilized (>60%), little (<30%) equipment with real-time monitoring
4. SPC always utilized, some (>30%) equipment with real-time monitoring
5. SPC always utilized, >80% of equipment under real-time monitoring

61.4% 51.4
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QMM Element #4: CAPA Effectiveness

A system of taking Corrective Action and Preventive 
Action (CAPA) provides a structured approach to the 
collection and analysis of information, investigation of 
product quality issues, and the implementation of actions 
to prevent recurrence5. Essential steps in the implemen-
tation of CAPA activities include verification of the 
CAPAs, communication to responsible parties, manage-
ment review of relevant information, and CAPA activity 
documentation. The QBS Questionnaire asked respond-
ents about their use of CAPA systems in the Technical 
and Tools Enabler question presented in Table VII.

The correlation analysis previously presented in 
Table III demonstrated that there was a significantly posi-
tive correlation between the CAPA System Enabler imple-
mentation and the Delivery KPI. Further analysis of the 

QBS Questionnaire responses found significant discrimi-
nation between respondents that indicated level 5 imple-
mentation versus levels 1 through 4 implementations with 
mean Delivery KPIs of 49.4 and 42.2, respectively. The 
one-tailed t-test found the average delivery score to be 
significantly greater for respondents with higher levels of 
implementation (t = −2.1306, p-value = 0.017). Bootstrap 
sampling of the t-statistic found a similar significance value 
(p-value = 0.019), indicating that the conclusion maintains 
validity if the t-test assumptions are violated.

QMM Element #5: 5S (Sort, Set in Order, Shine, 
Standardize, Sustain) Procedures

An implemented 5S System organizes pharmaceutical 
manufacturing spaces to maximize their efficiency, effec-
tiveness, and safety (23). Overall, the system requires 
organization of tools and equipment and the maintenance 
of clean spaces. The following list details each aspect of 
the 5S system.

Table VI   Quality Risk Management (QRM) Process Enabler Question

Do you apply a formal quality risk management (QRM) process for all products and are your employees trained accordingly?

Technical and Tools Enabler Responses for QRM Implementation % Respondents Mean 
Delivery 
KPI

Group 1 1. We do not have a formal quality risk management process.
2. We have a formal quality risk management process. However, it is not always applied, and employees 

are not trained on the procedures.
3. We have a formal quality risk management process. It is always applied for all new products/processes 

and SMEs (Subject Matter Experts) are trained according to it.

28.1% 37.9

Group 2 4. We have a formal quality risk management process. It is always applied for all new products/processes 
and all relevant employees are trained accordingly.

5. We routinely review our existing quality risk management documentations (e.g., review initial assess-
ments and mitigations based on production experience after a certain time). Procedures are clearly 
defined, and employees are trained accordingly.

71.9% 48.7

Table VII   Corrective Action and Preventative Action (CAPA) Enabler Question

Do you measure CAPA) effectiveness and identify CAPAs that are not effective?

Technical and Tools Enabler Responses for CAPA System Implementation % Respondents Mean 
Delivery 
KPI

Group 1 1. We only use our CAPA system for documentation, i.e., we do not review the overall list of CAPAs, 
proportions of overdue CAPAs, or trends.

2. We use our CAPA system for documentation and review, e.g., the overall list of CAPAs, proportions of 
overdue CAPAs, or trends.

3. We have defined measures in place and are able to assess the overall effectiveness of the CAPA system. 
Furthermore, distinct ineffective CAPAs can be identified.

4. We have defined measures in place assessing the overall effectiveness of the CAPA system and identi-
fying distinct ineffective CAPAs. Additional actions for all ineffective CAPAs are derived.

51.9% 42.2

Group 2 5. We have defined measures in place assessing the overall effectiveness of the CAPA system, identify-
ing distinct ineffective CAPAs and deriving additional actions. The measures are reviewed and updated 
regularly.

48.1% 49.4

5  See pages 10–11 in the Q10 Pharmaceutical Quality System: 
https://​www.​fda.​gov/​media/​71553/​downl​oad.
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•	 Sort	 Remove all unnecessary items
•	 Set in Order	 Organize workstations such that equip-

ment is in close proximity and set in the logical order 
of use

•	 Shine     Clean and inspect workspace on a regular basis
•	 Standardize	 Establish standardized schedules for the 

Sort, Set in Order, and Shine steps
•	 Sustain     Ensure employees are trained on 5S and follow 

through

The QBS Questionnaire asked respondents about their 
use of 5S procedures in the Technical and Tools Enabler 
question presented in Table VIII.

The correlation analysis previously presented in Table III 
demonstrated that there was a significant positive correlation 
between 5S Enabler utilization and the Delivery KPI. Fur-
ther analysis of the QBS Questionnaire responses found sig-
nificant discrimination between respondents that indicated 
levels 4 and 5 implementations versus levels 1 through 3 
implementations with mean Delivery KPIs of 51.3 and 39.3, 
respectively. The one-tailed t-test found the average delivery 
score to be significantly greater for respondents with higher 
levels of implementation (t = −2.2906, p-value = 0.012). 
Bootstrap sampling of the t-statistic found a similar signifi-
cance value (p-value = 0.012), indicating that the conclusion 
maintains validity if the t-test assumptions are violated.

Implementation of QMM Elements

Establishments that implemented any of the five QMM 
elements demonstrated significant improvement in their 
Delivery KPI. Additional analysis of the QBS Question-
naire responses indicates that establishments with higher 
implementation of a majority of these five QMM elements 
have even higher performance discrimination than those 
that focus on fewer. Specifically, we compared establish-
ments that had higher levels of implementation for four or 
more of these five QMM elements with establishments that 

employed three or less. Table IX provides the percentages 
of respondents that fall into each of these groups and the 
group’s mean Delivery KPI Performance Score.

A one-tailed t-test found the average Delivery Perfor-
mance Score for establishments with four or more QMM 
elements to be significantly greater than the average for 
establishments with three or fewer elements (t = −3.639, 
p-value < 0.001). Bootstrap sampling of the t-statistic 
found a similar significance value (p-value < 0.001), indi-
cating that the conclusion maintains validity if the t-test 
assumptions are violated.

Discussion

This paper used QBS Questionnaire responses to analyze 
relationships between the implementation of quality man-
agement practices and KPI Performance Scores. The shared 
insights derived from these data focused on how QMM ele-
ments displayed in the Tools and Technical Enabler questions 
drove higher Delivery KPI Performance Scores. Specifically, 
we demonstrated how the following five QMM elements dis-
played positive correlations with the Delivery KPI:

•	 Proactively supply spare parts to all identified bottle-
neck machines

•	 Make use of SPC with real-time equipment monitoring
•	 Train all relevant employees on formalized QRM pro-

cesses

Table VIII   5S (Sort, Set in Order, Shine, Standardize, and Sustain) Enabler Question

To what degree have you implemented 5S (Sort, Set in Order, Shine, Standardize, Sustain) and continuously improve it?

Technical and Tools Enabler Responses for 5S Implementation % Respondents Mean 
Delivery 
KPI

Group 1 1. We do not have formal procedures in place to implement 5S.
2. Formal procedures for putting all tools and fixtures in their place exist but are only partly (<50% of 

areas) adhered to.
3. Formal procedures for putting all tools and fixtures in their place exist that are fully adhered to but are 

static not optimized.

44.0% 39.3

Group 2 4. Formal procedures for putting all tools and fixtures in their place exist that are fully adhered to, they are 
adapted/optimized unregularly, e.g., when requested by management.

5. Formal procedures for putting all tools and fixtures in their place exist that are fully adhered to; optimi-
zation constantly is our priority.

56.0% 51.3

Table IX   Delivery KPI by Count of High Implementation Levels

Number of higher implementa-
tion levels of QMM elements

0 to 3 4+

% Respondents 71.2% 28.8%
Mean Delivery KPI 42.0 54.7
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•	 Ensure CAPA Effectiveness
•	 Adapt and optimize formalized 5S procedures

Additionally, establishments with higher levels of 
implementation for four or more of these QMM ele-
ments demonstrate even greater discrimination in per-
formance versus those that had higher implementations 
for three or fewer.

In particular, equipment-related QMM elements play a 
particularly important role in the pharmaceutical industry 
as demonstrated by the positive correlation between 5S 
and the Delivery KPI. High implementation of 5S ensures 
well-designed facilities with clean, safe, and well-organ-
ized work environments. This helps to prevent process bot-
tlenecks and assures that equipment is well maintained for 
manufacturing and packaging.

SPC utilizes statistical techniques to control a process by 
identifying and eliminating special-cause (i.e., assignable-
cause) variation, thereby improving delivery performance 
(24). SPC models can be developed independently of the 
circumstances of the production system (25) and, therefore, 
support process stability and minimize supply chain disrup-
tions, regardless of product type and complexity.

To fully capitalize on QRM, employees must be properly 
trained to apply QRM outcomes to future resource decisions. 
Consequently, QRM-trained employees are oriented toward 
high-quality standards and exhibit a deeper understanding of 
the role of quality (26). Similarly, training and human capital 
development have natural synergies with QMM elements 
that can improve productivity and quality (27).

An effective CAPA system facilitates root cause deter-
mination and prevents reoccurrence, improving under-
standing of products and processes (28, 29). A well-
planned and executed CAPA delivers the rationale for the 
investigation, complete documentation, and guidance for 
appropriate management of any reoccurrence. In these 
ways, improvements in process stability from investiga-
tions can positively impact the Delivery KPI.

The research presented herein, though limited in the num-
ber of sites, represents an important step toward characteriz-
ing the link between QMM, supply reliability, and manufac-
turing performance. The maxim: “correlation does not imply 
causation” undoubtedly applies to our study. Therefore, it 
would be premature to conclude that certain enablers are not 
indicative of mature quality management practices due to the 
limited correlation analysis established through this study. In 
reality, they may have positive relationships with other per-
formance measures used by industry. Furthermore, enablers 
for which no positive correlation was present cannot be elimi-
nated because they might still be important quality manage-
ment practices. This study was a first attempt with a limited 
sample size towards an understanding of such relationships.

Future Research Directions

The present study used a limited number of performance 
measures to explore correlations. If its scope is expanded, 
it could lead to greater granularity within the correlation 
analyses, associations, and significant statistical relations. 
Subsequent research with additional measures of perfor-
mance areas, revised survey questions to enhance precision 
and clarity, and more participants is needed to expand on the 
empirical findings from our study. Further research to sup-
plement these findings may also include studies with larger 
numbers of randomly selected sites, with expanded KPIs 
and enablers. In addition, future research could explore and 
quantify improvement gains to address the need for periodic 
re-assessment of firms. This could be performed capitaliz-
ing on a wealth of existing post-market quality data, includ-
ing recalls, shortages, inspection outcomes and associated 
observations, and post-market quality defect reports, namely 
Field Alert Reports (FAR), Biologic Product Deviation 
Reports (BPDR), MedWatch reports, and Consumer Com-
plaints (CC).

Future studies in this direction should attempt a prop-
erly conducted Design of Experiment (DOE) to quantify 
the effect of KPI and enabler variables independently, 
along with leading vs. lagging variable interactions. Frac-
tional factorial methods can help guide improvements in 
performance metrics analysis. Association analysis could 
also prove useful to measure the relationships among 
multiple metrics and enablers (i.e., estimating the like-
lihood of events occurring based on the occurrence of 
other events). Because some metrics and enablers may 
be driving others, coupling metrics and analyzing them in 
combinations could provide meaningful insights. Finally, 
an interesting aspect to consider would be designing a 
methodology to study the interactions of multiple vari-
ables, including, but not limited to, people, maintenance, 
and quality, thereby assessing both linear and non-linear 
variable relationships with machine learning methods.

Conclusions

The QBS findings provide a promising foundation for addi-
tional research that can augment a robust understanding of 
how QMM characterizes quality. As establishments imple-
ment these approaches and regulators characterize qual-
ity management practices, there will be a rich set of data 
to drive continual improvement that will benefit patients 
and consumers. Purchasers and payors may gain insight 
into the supply chain for drugs they buy or reimburse. 
At the same time, patients, pharmacies, and healthcare 
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professionals will benefit from improved clinical care via 
drugs that have less risk of quality-driven shortage. An 
improved characterization of quality management prac-
tices could complement FDA’s risk-based model for prior-
itizing surveillance inspections. In addition, QMM, along 
with quality metrics, could inform the assessment of phar-
maceutical quality system effectiveness and consequently 
support ICH Q12 implementation through increased regu-
latory flexibility. All in all, the key research elements and 
findings obtained from this study provide objective ana-
lytical insights into the development of an effective and 
efficient QMM program that could provide advantages to 
all stakeholders as well as the FDA and may be a first step 
towards enabling performance-based regulations.
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