End to End Supply Chain Performance Response Framework for
Medically Significant Pharmaceutical Products

by Elise I. Grace

B.S. in Mechanical Engineering, June 2003, Drexel University
M.B.A. in Business Administration - Marketing, June 2006, Drexel University

A Praxis submitted to

The Faculty of
The School of Engineering and Applied Science
of The George Washington University
in partial fulfillment of the requirements
for the degree of Doctor of Engineering

January 10, 2020

Praxis directed by

Timothy Blackburn
Professorial Lecturer of Engineering Management and Systems Engineering

Amir Etemadi
Assistant Professor of Engineering and Applied Science



The School of Engineering and Applied Science of The George Washington University
certifies that Elise 1. Grace has passed the Final Examination for the degree of Doctor of

Engineering as of November 19, 2019. This is the final and approved form of the Praxis.

End to End Supply Chain Performance Response Framework for
Medically Significant Pharmaceutical Products

Elise I. Grace

Praxis Research Committee:

Timothy Blackburn, Professorial Lecturer of Engineering Management and
Systems Engineering, Praxis Co- Director

Amir Etemadi, Assistant Professor of Engineering and Applied Science, Praxis
Co-Director

Ebrahim Malalla, Visiting Associate Professor of Engineering and Applied
Science, Committee Member



© Copyright 2019 by Elise I. Grace
All rights reserved



Dedication

This is dedicated to my ancestors, for without your strength, perseverance, and
resilience | would not be here today. Rudolph Michael Grace, Samuel Gordon Isley
Boyce, Otis Curtis Grace, Elizabeth Grace, and those who came before you, | owe you
everything, without you there is no me. This is for you, your legacy lives on and will

forever.



Acknowledgements

I wish to acknowledge my advisor Dr. Timothy Blackburn for his guidance,
insight, assistance, and working with me on this journey to ensure | crossed the finish
line. I would also like to acknowledge and thank my advisor Dr. Luckner Ulysse, his
words of wisdom, insight, and direction have been invaluable. Thank you both for
challenging me along the way to dig deeper, finish well and for always being confident in
me.

I would like to thank my immediate family for their unwavering support and love.
Ma (Cynthia Boyce-Idlett) and Nana (Vivian Boyce) | could never repay you for what
you have given me: life, strength and faith. Thank you both for always lifting me up
when | needed it most. Thank you to the other members of my immediate family, my
father (Paul Idlett), my sisters (Ty Grace and Kaiya Idlett) thank you for being there and
for the unconditional love. To the rest of my family, my church family and my friends
thank you. | love each and every person who has touched me over these past 2 years with
words of encouragement and motivation. And last but certainly not least, I would like to
thank my Lord and Savior Jesus Christ for His grace, favor and mercy; for guiding my

path, and bearing my burdens.



Abstract of Praxis
End to End Supply Chain Performance Response Framework for
Medically Significant Pharmaceutical Products

Drug shortages of medically significant products can have an adverse effect on
the target patient population. Supply chain models are not always differentiated amongst
product types and are often managed as one type fits all. This research will analyze the
supply chains of medically significant products and evaluate their design and delivery
performance in order to reduce supply disruptions. The goal of this research is to develop
a framework that can be used to manage supply chains given product characteristics and
product supply performance in order to improve the supply chain’s delivery performance.
The framework will help to monitor and segment supply chain nodes, determine
inventory levels based on segmentation, and enable supply chain managers/planners to
manage the supply chains based on historical performance to reduce the risk of supply
disruptions. This framework will also give supply chain planners visibility to where
potential vulnerabilities exist and enable them to apply alternative risk mitigation
measures before a supply disruption occurs. The performance response framework will
be an iterative model that will drive decisions to be made based on defined supply chain
metrics. This tool will drive supply chain management activities based on supply chain
performance and give supply chain planners a standard process to follow to make supply

chain decisions.

Vi



Table of Contents

DEAICALION ...t bbb bbbt 1\
ACKNOWIBAGEMENTS ..o %
ADSEFACT OF PFAXIS ...ttt sttt Vi
LEST OF FIQUIES. ...t bbbttt Xi
LISE OF TADIES ... e xiii
LISt OF SYMBOIS ... s Xiv
GlOSSANY OF TEIINIS ...ttt nb e XV
LIST OF ACTONYIMS ...ttt bbbttt XVi
LISt OF EQUATIONS ... Xvii
Chapter 1—INtrOJUCTION ......c..oiiiiiiieee bbb s 1
1.1 BACKGIOUNT ...ttt ettt 1
1.2 ReSEarch MOTIVATION ........coiiiiiiieiee e 2
1.3 Problem STatemMENT ..........cooiiiiieiee e 4
1.4 TNESIS STAEBMENT .....oviieiiiiiieiiee et 4
1.5 RESEArCh ODJECTIVES......ccuiiiiiiieiieieie et 5
1.6 Research Questions and HYPOLNESES ..o 5
1.7 SCOPE OF RESEAICN ..o 6
1.8 Research LIMITAtIONS ........cccoivriiiiiniiiiesiesiieee e 7
1.9 Organization OF PraXiS .......c.coeiiriiiiiiesiseeieie st 7
Chapter 2—LIterature REVIBW .........cccuiiiiiieie ettt 9
2.1 INEFOTUCTION ...ttt bbbttt eneas 9

2.2 PharmaceutiCal INAUSTIY..........ooiiiiiiieieieee e 10



2.2.1. INAUSEIY TIENAS ....cvveeeiecieeie ettt 10

2.2.2 Contract Manufacturing Organizations............ccccvevveiiesieeresieesnese e 11
2.3 Supply Chain and Supply Chain Management...........c.ccocveveviieveeiesieeseenens 12
2.3.1 The Supply Chain Operations Reference (SCOR) Model ..................... 13
2.4 Supply Disruptions and Mitigation MeasUreS...........c.cccvereererieereeriesieeseennens 14
2.4.1 Supply Chain RiSK Categoris ........ccceviverrrerieiierireieseeseesie e e see e 18
2.5 Supply Chain Design & Strategi€s ........cceevuveieerieriieiesieseeieeseesie e see e 19
2.6 Supply Chain MOAEIING ......cveiieiiice e 22
2.7 Supply Chain VisiDility.......cccooviieiicc e 24
2.8 Supply Chain Performance ..........c.cccveveiieie et 25
2.9 Six Sigma and Supply Chain Management .............ccccovvevvevesieeieereseeseenens 26
2.10 Summary and CONCIUSION ........ccveiiiieiieie e 28
Chapter 3—MethodoIOgy .......cccciiiiiiee e 29
3L INEFOAUCTION ...t 29
3.2 DEIINE ... 29
3.2.1 Problem Definition & SCOPE.......ccvevveiiiiicie e 29
3.2.2 Objective and BeNefitS.........cccovvveiiiiiiieiice e 31
3.2.3 SIPOC ANAIYSIS ....cuvieiiiiiecie et 31
3.2.4 V0ice Of The CUSIOMET ......ccuiieiiiiiiiiicisitsie et 31

B3 IMBASUIE ...ttt 32
3.3.1 Data ColleCtion PIan ...........ccoiiiiiiiiicieiesee e 32
3.3.2 CUrrent PErfOrManCe.........cooiuiiiriiieicie e 34

S ANAIYZE ..o 36

viii



3.0 IMPIOVE e 40

3.5.1 Performance Response FramewWork ...........ccccovvevveveniiesieene e 40
3.5.2 Framework Detail ...........cccoiiiieiiicce e 41
3.5.3 Framework Risk ANAlYSiS.........ccoviieiieiiiic e 43
3.5.4 Proposed Framework Implementation.............cccceevviverieeiesieseesecnnn, 45
3.8 CONLIOL .. 45
Chapter 4—RESUILS ......e ettt a e e nre e 47
4.1 INEFOTUCTION ...ttt 47
4.2 Current Performance — Delivery Performance and Root Cause Analysis...... 47
4.2.1 Process Stability and Capability Results.............cccccveveiieiicie v 48
4.2.2 ROOt CaUSE ANAIYSIS .....cveivieiiieieiie st 51
4.2.3 Hypothesis Testing — HL........cccooiiiieiccicce e 55
4.3 CASE STUAIES ...ttt 61
4.3.1 Framework Application to Case StUdies.........cccccvevveieeiieieeiie e, 62
4.3.2 Framework Key Risk INdiCators ..........ccccoveveiiieiieii e 63
4.3.3 Framework Safety Stock LeVels.........cccooveviviiiiiiiicicceccece e 64
4.3.4 Case Study 1: Plant C - ProducCt 2..........cccevvevieiieiecie e 65
4.3.5 Case Study 2: Plant D — Product 3..........ccocovviiiiieiieeceece e 73
4.3.6 Case Study 3 Plant B — ProducCt 4P ............ccceveiieiicie e 82
4.3.7 Hypothesis Testing - H2 ..o 90
Chapter 5—Discussion and CoNCIUSIONS...........covveiiieiiiiii e 92
5.1 DISCUSSTON ...ttt bbbkt ne bbb 92
5.2 CONCIUSIONS ...ttt 93



5.2.1 Research QUESLION 1 .......ccccovieiiiiie et 94

5.2.2 ReSearch QUESLION 2 .......cvcovvieiiieiieectee ettt 95

5.2.3 Research QUESLION 3 .......cviiivieiiiiieecee et 96

5.2.4 HYpPOthesiS RESUILS.......ccveiiiiieiicce e 96

5.3 Contributions to Body of KNOWIedge ..........cccvvveviiiiiiecece e 97

5.4 Recommendations for Future ReSearch ...........cccoceoeiiieiiieccnceee, 98
RETEIEINCES ...t 100
Appendix A — Example SCOR Metrics (APICS, 2016)........ccccevvveviiieieenecie e 109
Appendix B — Bulk Manufacturing and Packaging Process Map and SIPOC ............... 110
Appendix C — SAP Data FIelds .........cccooveiiiiiiicceee e 112
Appendix D — Supply PIanning PrOCESS .......cccvcieiieiieiicceeie e 114
Appendix E — Performance Response Framework ...........cccccvoveeiveieiieieese s 115
Appendix F - FMEA — Performance Response Framework............cccoceuvveveivieieesieennn, 117
Appendix G — Delivery Misses April 2018 — January 2019..........ccccccevveveiieieece e 122
Appendix H — Process Capability for Orders Meeting Requested Ship Date................. 124
Appendix | — Cause-and-Effect Diagram and 5-Why Analysis.........c.ccceecevvveieeieieenne. 126
Appendix J — Exploratory Data ANalysiS..........c.ccviieiiiiicic e 129
Appendix K — ANOVA Assumption Confirmation............c.cccceevveve i 131
Appendix L — Kruskal-Wallis Test: HL........ccoooiiiiiiie e 134
Appendix M — Case Study Product Evaluation ............ccccooveiiieiiiiiie e 136
Appendix N — Actual Days Late versus Estimated Adjusted Days Late........................ 137



List of Figures

Figure 1-1: Sample Supply Chain IMap........cccooiiiiiiieiecee e 2
Figure 2-1: Source of Risk in The Supply Chain.........cccccoiiiiniiiee 18
Figure 2-2: Uncertainty SUpply Chain MatriX .........cccooereiiienininenieeeeese s 20
Figure 2-3: DMAIC PrOCESS STEPS ....c.ceiviiiiiiriieiieieieie ettt 27
Figure 3-1: Sample Supply Chain Map Scope Highlight ............ccoooiiiiiiie 30
Figure 3-2: Performance Response Framework ............ccoeiiniiiniiieieienese s 41
Figure 4-1: I-MR Chart: Delivery Days From Target .........c.ccoovvvreiinieienene e 48
Figure 4-2: I-MR TESt RESUILS .....c.veiiiiieii e 49
Figure 4-3a: I-MR Chart Days From Target (Failed Points Omitted)...........ccoccocvrininnne. 50
Figure 4-3b: Ppk - POINIS OMITE ........ooviiiiiiiiiceeee s 50
Figure 4-3c: Ppk - All Points INClUded ..o 51
Figure 4-4: Pareto of Miss Code Standard -1 .........cccooereiiiiiiiiniieeeee s 52
Figure 4-5: Pareto of Miss Code Standard -2 ...........cccccoiereriiininecneeseseeee e 53
Figure 4-6: Pareto 0f MiSS CatBgOIY ........cceieriiriiiieieieiesie st 55
Figure 4-7: Probability PIOT .........oovoiiiiiii s 57
Figure 4-8a: H1 One-Way ANOVA RESUIES ......ccviiiiiiiiiieeeeee s 59
Figure 4-8b: Fisher-Pairwise COMPAriSON. .........cceourieiierieiesienie et 60
Figure 4-9: Framework Product Segmentation...........cccooeieieneniniiieieeese e 64
Figure 4-10: Supply Chain Map - ProducCt 2...........ccceieiiiiiiiinieceeee s 65
Figure 4-11: Product 2 Delivery MiSS Category ........cocererererenenieseeieieesee s 67
Figure 4-12: Product 2 Delivery Miss Code Standard 2............cccoovvveinienenenenencnenn 67
Figure 4-13: Supply Chain Map - Product 3..........cccoeiiiiiiiinieeiee s 74

Xi



Figure 4-14: Product 3 Delivery MisS Category ........cccvvererieeiieeniesieseesieeieseesieseesseeses 76

Figure 4-15: Product 3 Delivery Miss Code Standard 2...........cccccoovevveveiieiiesecie e 76
Figure 4-16: Supply Chain Map - Product 4P ..........cccooveii i 83
Figure 4-17: Product 4P Delivery Miss Category........couevviieieeieiiiesieseeieseesie e siae s 84
Figure 4-18: Product 4P Delivery Miss Code Standard 2...........cccccccevvvevviieiienicie s 85
Figure 4-19: Mann-Whitney TesSt RESUILS.........cccvevviiieiieie e 91

xii



List of Tables

Table 2.1 Reasons for Drug Shortages Accordingtothe FDA ..., 9
Table 2.2 Demand and Supply CharaCteristiCs ...........ccooeririiiiieniiiieieee e 19
Table 3.1 Plant ProduCt MatIiX .........ooveiuiiieiieiesiesiee et 34
Table 3.2 Miss Code Standard 2 Categorization ............cccoceiererinienieeieie e 38
Table 4.1 Product 2 — Days Late and Estimated Days Late............ccoocvvveiieerenieninnnennnns 73
Table 4.2 Product 3— Days Late and Estimated Days Late...........ccccevvererenencneninnnnnns 82
Table 4.3 Product 4P — Days Late and Estimated Days Late ...........ccccevvreriniiinnnnnnnns 89

Xiii


file:///C:/Users/graceeli/Downloads/Elise%20Grace%20Praxis%20-DENG7%20Chapter%201-5Final%20Draft.docx%23_Toc14929314
file:///C:/Users/graceeli/Downloads/Elise%20Grace%20Praxis%20-DENG7%20Chapter%201-5Final%20Draft.docx%23_Toc14929314
file:///C:/Users/graceeli/Downloads/Elise%20Grace%20Praxis%20-DENG7%20Chapter%201-5Final%20Draft.docx%23_Toc14929314
file:///C:/Users/graceeli/Downloads/Elise%20Grace%20Praxis%20-DENG7%20Chapter%201-5Final%20Draft.docx%23_Toc14929314

List of Symbols

LSL: Lower Specification Limit

LT : Total Lead Time

up : The average historical demand

o: Sigma, standard deviation

op : Standard deviation of historical demand

ovt : Standard deviation of the lead time as calculated of supply to downstream node
Ppk: Process Performance Index

T: Time period used to calculate standard deviation of demand.

USL.: Upper Specification Limit

X: Xbar (average)

Z.: normal distribution z-value determined from the defined service level

Xiv



Glossary of Terms

Demand: Need for a particular product or component, customer order, forecast,
downstream requirement (APICS 2016).

Component Availability: Availability of materials/components required for
manufacturing. Having enough components to start and finish desired manufacturing
requirements. Components are materials needed for manufacturing (i.e., raw materials,
bottles, cartons, labels).

End to End Planner: Planner responsible for oversite of the end to end supply chain of a
product.

Goods Receipt: To create inventory in SAP after it is manufactured.

Goods Issue: To issue material or inventory to an order, or to scrap in SAP after it is
consumed.

Planning Issues: Events that occur when the standard defined planning processes are not
followed, and/or when there is inaccurate information entered in the planning systems
like SAP.

Purchase Order: An electronic document created in SAP that specifies the material to be
ordered, order quantity, requested ship date, and delivery information of recipient. This
document is created by a supply planner of the receiving site and is supplied to the
supplier manufacturing the material. A purchase order is also known as a sub-con or a
ship order.

Site Supply Planner: Planner responsible for planning activities (including but not limited
to creation of purchase orders for final product and/or components required for
manufacturing the product) for a specific site, or a product at a site. A site supply planner
can also be known as a supply chain planner.

Schedule Achievement/Adherence: The number of batches started versus the number of
batches scheduled to start at a specific supply chain node for a specified period (ex.
weekly or monthly).

Unconstrained Demand: A demand plan that does not consider capacity or manufacturing
constraints.
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Chapter 1—Introduction

1.1 Background

Medically significant/important products are defined as products that are medically
necessary to treat (or prevent) a serious disease or medical condition, where there is no
alternative source of supply or acceptable alternative drug/therapy that is judged by
medical staff to be an adequate substitution (U.S. Food and Drug Administration 2018).
Pharmaceutical medically significant/important products include but are not limited to
vaccines, sterile injectables, biologics, as well as oral capsules and tablets. Getting these
products to patients are critical to sustaining global human health. Pharmaceutical
companies that manufacture these products sometimes face disruptions throughout their
supply chain that affect their ability to supply medicine to patients on-time. In some
cases, these supply disruptions can lead to drug shortages, where supply is not available
over a period of time.

Outsourcing to Contract Manufacturing Organizations (CMO’s) is a strategy often
executed by major pharmaceutical companies. Contracting CMO’s allow pharmaceutical
companies to increase speed to market, free up internal capacity, reduce capital
investments, as well as leverage the CMO’s technology. CMO’s perform manufacturing
activities of Active Pharmaceutical Ingredients (API), bulk intermediates, finished bulk
products, and may also package finished goods on behalf of their customers. Some or all
of the aforementioned activities can be performed by a CMO, and pharmaceutical
companies may outsource the manufacturing processes of a product to one or more CMO.
Figure 1-1 is a sample supply chain map of a pharmaceutical tablet product where

manufacturing occurs at a CMO, as well as the branded pharmaceutical company. The



branded pharmaceutical company, product name and the CMO names have been changed
for confidentially.

Company A the branded pharmaceutical company has outsourced manufacturing of
API and formulation of the tablets to CMO A, B and C. After the formulation step where
the tablets are made, the material is shipped back to Company A for primary and
secondary packaging at their packaging sites in different regions. The packaging sites
then supply to the end markets. End markets in this case are considered in region/country
distribution centers, and the distribution centers distribute to pharmacies, and hospitals.
The manufacturing sites, and distribution sites in the supply chain, are called supply

chain nodes.

Sample Supply Chain Map
Chemical Synthesis »  Formulation —— Packaging | End Market
Intermediates API
Latin America
Company A
Supplier 1 CMOA m Location 1 Canada
. Europe
Supplier 2 Company A
N Plant C | Location 2 Us
CMO
Supplier 3 MO B
L, Company A
Location 3
Supplier 4

Figure 1-1: Sample Supply Chain Map

1.2 Research Motivation
Medicine to the right people, at the right place, at the right time is the primary

mission in the healthcare industry. Disruptions throughout the supply chain can



ultimately present obstacles to getting medicine to patients. While pharmaceutical
companies outsource with the intent of providing reliable, consistent supply to the
patients, the design and management of the supply chains stand in the way. End to end
supply chain management within these internal/external supply chain networks are not
always optimized between companies. Disconnected processes, systems and people
within the supply chain contribute to poor or no communication between companies
leading to supply delays between supply nodes and potentially supply disruption events
to the patient.

End to end supply chain capabilities are not always considered within the
pharmaceutical company’s sourcing strategy. CMO technical capabilities, compliance
posture, capacity and cost are often the main drivers for awarding contracts to suppliers
and contract manufacturers. Supply chain management, and supply chain capabilities are
often an afterthought, and are managed when issues arise. Competing priorities at the
CMO, and lack of control of the CMO’s supply chain present issues with managing
supply within the network. CMO’s often manufacture their own generic brands and have
contracts with more than one pharmaceutical company so understanding their supply
chains and having visibility to issues early is critical to managing supply from raw
material to finished product.

End to end supply chain visibility, and integration are key enablers to improving the
supply chain when there are supply chain nodes internal and external to the branded
pharmaceutical company. Ensuring the supply chain management processes within your

control are robust, and having mitigations in place to be responsive to delays upstream



and downstream of your internal network is paramount to ensuring consistent, stable
supply to the patient.

Ensuring on time supply of all medicines to patients is important, but the
distinctiveness of medically significant/important products pose a larger risk to the
patients’ health when supply is disrupted. As previously noted medically
significant/important products do not have alternative therapies available to the patient,
so patients go without medicine when disruptions occur. Even though this is the case,
supply chain models are not always differentiated amongst different products types and
are often managed as one size fits all. Pharmaceutical supply chains are modeled in part
to optimize the performance of high volume-high value products, and the other products
in the company’s portfolio (low volume -high value, low volume-low value, high
volume-low value) copy the same supply chain model, with little to no modification. At
Company A medically significant/important products range from low volume-low value,
to low volume-high value. Value being defined as revenue, not value to the patient.
Creating standardized processes and operating models for management of these supply
chains can reduce the risk of supply disruptions within the supply chain and to the
patient.

1.3 Problem Statement

Low volume medically significant products are subject to miss delivery dates and

contribute to supply disruptions.
1.4 Thesis Statement
The development of a performance response framework for low volume products

can improve delivery performance and reduce supply disruptions.



Use of performance data from supply chain nodes can be used to determine future
supply chain management activities and decisions that can mitigate future disruption
occurrences. The framework’s iterative process can improve supply performance long
term when there is lack of control of the supply chain processes of your supply chain
partners.

1.5 Research Objectives

The main objectives of this research will be to:

e Understand the root causes of the delivery delays within the supply chains of
medically significant/important products.

e Analyze the supply chain and supply chain management of medically
significant/important products, specifically when the supply chain is between a
pharmaceutical company and their CMO partners.

e Implement a performance-based response model that will serve as the standard
framework for how to manage the supply chains of low volume medically
significant/important products from the perspective of the supply chain planner at
the pharmaceutical company.

e Identify leading indicators for supply chain nodes that may be predicative of a
potential supply shortage.

1.6 Research Questions and Hypotheses
Understanding the supply chain, customer service delivery metrics, as well as the root

causes for delivery misses will be the foundational questions for research.



Research Questions:
RQ1: What are the root causes for delivery delays between supply chain nodes?
RQ2: What can be modified in the medically significant/important product’s
supply chain to increase reliability?
RQ3: What mitigating measures are in place to ensure there are no supply
disruptions?
Research Hypotheses:
H1: Component shortages and planning issues are the primary categories for
missed customer requested ship dates.
H2: Implementation of a supply chain management framework will increase on-
time delivery performance to customers.
1.7 Scope of Research

This research will focus on medically significant/important products owned and
branded by pharmaceutical Company A. Due to confidentiality, the company and product
names will not be shared. The medically significant/important products that will be used
for this research are products that have supply chain nodes internal and external to the
branded pharmaceutical company, where some or all of the products are manufactured
and packaged at a CMO.

The performance response framework developed will be for use by the product
supply chain planners at the branded pharmaceutical company to manage their supply
chains when internal and external supply chain nodes are not fully integrated. This
research does not intend to improve the supply chain management processes within the

CMO’s. The framework will standardize how the supply chain planner at the



pharmaceutical company manages this complex network for improved delivery
performance to ensure supply to the market on-time, with reduced disruptions. The
framework mitigates the of risk supply disruptions by implementing measures to
counteract CMO issues that are beyond control of the branded pharmaceutical company.
These issues include but are not limited to manufacturing delays, component defects,
upstream supplier delays, and process deviations.
1.8 Research Limitations

Due to the fact that manufacturing of the products in scope may occur at one or more
facility and company, there is limited control of the supply chain practices at the CMO’s
external to the branded company. Manufacturing frequency of the low volume products
will also be a challenge in monitoring the effectiveness of the framework post
implementation. Since there is a risk of not collecting enough data points to compare
performance and demonstrate significant improvement post implementation, case studies
will also be conducted across products where initial data was collected to demonstrate
effectiveness of the framework.
1.9 Organization of Praxis

In this praxis supply chain performance and supply chain management processes are
analyzed to develop a performance response framework for future use by supply chain
planners who manage low volume products with high value to patients. Chapter 1
introduces the landscape and relationship of pharmaceutical companies and CMO’s,
present research questions and hypotheses, as well as defines the scope and limitations of

this research.



Chapter 2 will discuss literature that provides an overview of the pharmaceutical
industry, industry trends, CMO’s, supply chain and supply chain management, supply
disruptions and mitigation measures, supply chain risk categories, supply chain design
and strategies, supply chain modeling, supply chain visibility, supply chain performance,
and Six Sigma business process improvement methodology DMAIC (define, measure,
analyze, improve, and control).

Chapter 3 will present and describe research methodology used to answer research
questions, and to develop the framework to be used to improve supply performance.
Chapter 4 will discuss results from supply disruption case studies, where the developed
framework is implemented to show improvement of supply performance. Chapter 5 will
summarize the praxis and present how the developed framework contributes to the

industry and recommendations future research opportunities.



Chapter 2—L iterature Review
2.1 Introduction
In 2017, there were 39 new drug shortages reported to the Food and Drug
Administration and 41 ongoing shortages from previous years (U.S. Food and Drug
Administration 2018, 17). Manufacturing issues, raw materials and delays/capacity were
the main reasons for drug shortages as reported to the FDA, see Table 2-1: Reasons for

Drug Shortages (U.S. Food and Drug Administration 2018).
Table 2-1: Reason for Drug Shortages, according to the FDA

Reasons for Drug Shortages
Quality: Manufacturing

Issues 37%

Raw Materials 27%
Quality: Delays/Capacity 27%
Increased Demand 5%

Loss of Manufacturing Site 2%

Discontinuation 2%

Manufacturing issues, raw materials, delays/capacity and increased demand for
purposes of this research will be considered supply chain related events. Identification of
supply chain related event root causes and implementation of mitigation measures to
decrease the effect of the event will be goal of the performance response framework.
Decreasing the effect supply disruption occurrences have on the supply chain and
increasing supply chain performance can contribute to reducing future potential drug
shortages. This is critical as drug shortages can delay or deny needed care for patients,
creating a potential lapse in medical care (U.S. Food and Drug Administration 2018, 3).

The literature review introduces supply chain as well as reviews literature related to

supply chain management, supply disruptions and mitigation measures, supply chain risk



categories, supply chain design and strategies, supply chain modeling, supply chain
visibility, and supply chain performance. An overview of a problem-solving methodology
DMAIC (define, measure, analyze, improve, control) will also be discussed in this
chapter, but details of the process will be further explained in Chapter 3.
2.2 Pharmaceutical Industry

The pharmaceutical industry is comprised of companies that discover, develop,
manufacture, distribute, and market medicine. Classes of medicine include but are not
limited to pharmaceuticals (any substance intended for use in diagnoses, cure, mitigation,
treatment to prevent disease), biologics (vaccines, therapeutic proteins), biosimilars
(follow on biologics), over the counter (OTC), and API (U.S. Department of Commerce -
International Trade Administration 2017, 1). The pharmaceutical global market reached
$1.2 trillion in 2018, up $100 billion from 2017, according to the Global Use of
Medicines report from the IQVIA Institute for Human Data Science.

2.2.1. Industry Trends

Pharmaceutical companies are now tapping into the niche market of drugs, away from
blockbuster drug markets, or saturated markets where other products already exist.
Gibson, Raizee and Lemmens (2015) discuss the growing interest in niche markets and
personalized medicine, as these markets have the potential to reach blockbuster status,
even though they are lower volume. The term blockbuster refers to drugs that reach at
least $1 billion dollars in sales. These sales are not the only business driver for steering
away from traditional blockbuster drugs, patient need is also at the forefront as niche
market drugs treat rare diseases (Dolgin 2010). As the shift has started from high volume-

high value to low volume-high value drugs, the supply chains that enable delivery of
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these products need to shift. Pharmaceutical companies focus on research and
development, and manufacturing, with supply chain processes being a secondary matter.
With this trend, supply chains will need to be designed and managed with niche markets
and lower volume products in mind. The traditional supply chain model does not fit the
needs of these low volume products. This praxis will look to evaluate supply chain
improvements to support on-time delivery of low volume medically significant/important
products. There is limited research on low volume pharmaceutical supply chains, and this
research will add perspective on how to manage these non-traditional supply chains.

2.2.2 Contract Manufacturing Organizations

Contract Manufacturing Organizations (CMO’s) are organizations contracted by
branded pharmaceutical companies to manufacture drugs on their behalf. CMQO’s can
manufacture some or all of the drug, this includes manufacturing of intermediates, API,
formulated bulk, and finished goods packaging (primary and secondary). CMQO’s are
leveraged by the branded companies for their capacity and technical capabilities, as this
allows the company to deliver products to market faster, meet demand upsides, and focus
on other core competencies.

As we shift to low volume, niche markets and personalized medicine there is a need
for state-of-the-art processes, and production technologies; and outsourcing to CMO’s
meet this need. The global pharmaceutical contract manufacturing market was valued at
$92 billion in 2017 and is expected to reach $146.41 billion by 2023 (Mordor Intelligence
2018). As speed to market is an important factor in gaining competitive advantage,
pharmaceutical companies are leveraging CMO’s to bring products to market faster.

Outsourcing reduces the sending company’s time spent to invest in technology
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development, infrastructure capital, and human capital when they discover new products
to bring to market. As the shift towards the utilization of CMO’s grow, the need to
understanding how to manage the supply chains between the companies also become
increasingly important.

One of the challenges with outsourcing is management of the supply chain. The
supply chains of the sending company and the CMO are rarely integrated through
enterprise resource planning (ERP) systems, and they lack end to end visibility and
integration. The use of ERP systems like SAP (Systems, Application and Products in
Data Processing), can facilitate the management and optimization of the global supply
chain (Shang et al. 2008). When these supply chains are not integrated, supply chain
management with a CMO partner is not real time. Supply chain planners plan in silos and
later communicate information to their upstream and downstream nodes. The
fragmentation of the supply chain is a barrier to efficient supply chain management,
which is critical to ensuring on-time supply.

2.3 Supply Chain and Supply Chain Management

The American Production Inventory and Control Society - APICS definition of supply
chain is the global network used to deliver products and services from raw materials to
end customers through an engineered flow of information, physical distribution, and cash.
While defining supply chain management as the design, planning, execution, control and
monitoring supply chain activities (APICS 2016).

Pharmaceutical supply chains are more complex than supply chains of other industries
because of pharmaceutical life-cycle factors, regulatory requirements, the number of

product types, and they also require input and participation of different stakeholders such
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as pharmaceutical manufacturers, wholesalers, distributors, customers, and regulatory
agencies (Bhakoo and Chan 2011). The complexity of the supply chains contributes to
the lack of literature available. This research will provide more insight on pharmaceutical
supply chains, and pharmaceutical supply chain management.
2.3.1 The Supply Chain Operations Reference (SCOR) Model
SCOR is a process reference model organized around six processes of Plan, Source,
Make, Deliver, Return, and Enable developed to support supply chain management
processes. The SCOR model provides methodology, diagnostic and benchmarking tools
that help organizations make improvements in supply chain processes and consist of four
major sections: performance, processes, practices, and people (APICS 2017, ii-vi). The
four sections are defined as followed per the SCOR model:
e Performance: Standard metrics to describe process performance and define
strategic goals.
e Processes: Standard descriptions of management processes and process
relationships.
e Practices: Management practices that produce significant better process
performance.

e People: Standard definitions for skills required to perform supply chain processes.

The SCOR model contains four levels of supply chain processes, level 1: processes,
level 2: sub processes, level 3: activities, and level 4: operational processes (Li, Su, and
Chen 2011; Minculete and Olar 2018). Parts of the SCOR model will be leveraged in this
research to understand opportunities for improvement within the existing supply chains

of the products in scope.
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2.4 Supply Disruptions and Mitigation Measures

Some of the issues that plague supply chains are lack of coordination, inventory
management, insufficient stock levels, absent or incorrect demand information, capacity
planning, late delivery of materials from suppliers, and shipment visibility (Madhani
2016; Privett and Gonsalvez 2014; Singh, Kumar, and Kumar 2016). These issues are
symptoms that can lead to supply disruptions. Supply disruptions are events that interrupt
material flow in the supply chain resulting in no material availability or movement and
are caused by internal or external sources to the supply chain (Hishamuddin, Sarker, and
Essam 2014).

Supply chain initiatives such as outsourcing, single sourcing and reduction of
inventory leave supply chains more vulnerable to supply disruptions (Kern et al. 2012,
60-82). Outsourcing as previously mentioned is a strategy used by companies to leverage
outside capabilities, without making internal investments on people or technology. The
medically significant/important products in this research have all or some parts of their
supply chain outsourced to a CMO. Single sourcing, and low inventory coupled with the
complexity of outsourcing increase the risk of recurring disruptions. Low inventory is
attractive as it lowers cost, but it decreases the company’s ability to respond in the event
of a disruption impacting the continuity of supply.

Kern (2012) suggest that organizations with sound risk mitigation activities perform
generally better in reducing the impact of risks on their supply chain. Incorporating risk
management into the pharmaceutical supply chain management process is hot commonly
practiced, risk management of overall manufacturing practices is more common.

Pharmaceutical companies can adopt risk management into their supply chain
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management process, as there is research available to support this. Tomlin (2006)
identifies tactics for managing disruption risk in the supply chain by category: financial
mitigation, operational mitigation, and operational contingency. Mitigations are actions
taken before disruptions occur, and contingencies are actions taken when disruptions
occur. The tactics identified by Tomlin for managing the disruption risk are business
interruption insurance (financial mitigation), inventory and sourcing (operational
mitigation), rerouting and demand management (operational contingency).

In the case of medically significant/important products, business interruption
insurance can be pursued, but it does not protect the patient from not receiving the
medicine they need. Operational mitigations such as inventory and sourcing strategies
can be implemented to bulletproof the supply chain from disruptions. With the
pharmaceutical industry being highly regulated, implementation of alternative sources of
supply can take longer to implement and should be considered in initial supply chain
design. Incorporating these measures into supply chain design enables response to supply
disruptions with rerouting and demand management contingencies. Rerouting tactics
include moving production to alternate suppliers’ long term, increasing supply at
alternative supply in the short term, as well as exploring alternative transportation mode
options (Tang 2006, 640). Redundancy strategies like having multiple suppliers to
mitigate disruption risk compensate for loses if a sole source cannot meet demand
requirements or shuts down (Chopra and Shohdi, 2014, 79). Chopra and Sohdi (2014)
also propose overestimating the likelihood of supply disruptions, as underestimating the

likelihood result in larger long-term cost. Overcompensation for the likelihood of a
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disruption such as carrying excessive inventory, will outweigh the cost of reputational
risk if material will be stocked out for an extended period of time.

Sheffi and Rice (2005), evaluate the disruption profile and supply chain resiliency.
Their disruption profile and the dynamic of the company response is categorized into the
following phases: preparation, the disruptive event, first response, initial impact, full
impact, recovery preparation, recovery and long-term impact. The use of vulnerability
maps to understand the probability of disruption and the consequences is a framework
suggested for use by supply chain planners to be able to plan and respond in the event of
a disruption. A company’s vulnerability is determined by the disruption probability and
severity of consequences. If there is a low disruption probability, and light consequences
it can be classified as low vulnerability, while a high disruption probability and severe
consequences would be classified as high vulnerability.

Vulnerability is a condition that affects a firm's ability to perform dependent upon the
occurrence of negative events (Folta and Novotny 2013). As a supply chain planner of
internal and external supply chain nodes, understanding the vulnerabilities of the supply
chain is critical. A critical supply chain node is a node responsible for a major component
or in-process material, especially when it is unable to respond quickly and flexibly to
demand requirements from downstream nodes due to process complexity and long lead
times (Craighead et al. 2007). Being able to visualize potential issues can aid in proactive
management of the supply chain to allow measures to be built that either prevent the
disruption or trigger a faster response. Response time and response activity is a key

element in this praxis, the use of the vulnerability framework can add a layer of
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understanding to how susceptible the supply chains are to disruptions. Supply chain
susceptibility can be used for product segmentation.

Strategic inventory and safety stock are countermeasures that reduce the risk of
supply disruptions due to insufficient inventory. Insufficient inventory is not a true root
cause but is caused by delays in upstream production at a supply node. Proactive
inventory placement of strategic inventory is a demonstrated strategy for multi echelon
supply chains (Schmitt 2011). Multi echelon means focusing on the multiple nodes in the
supply chain, not a single node. Schmitt’s model evaluates strategies to mitigate supply
disruptions. These strategies are categorized into proactive and reactive. As previously
mentioned, strategic inventory placement is a proactive strategy while reactive measures
include initiating use of alternative sources of supply once a disruption occurs. The
notion of proactive inventory placement is to prevent impact to the customer, while the
reactive strategies would be implemented post disruption to reduce impact to the
customer.

Complimentary to Schmitt’s strategic inventory strategy, implementation of robust
supply chain strategies (sourcing redundancies) enables a firm/company to manage
regular fluctuations of supply efficiently under normal circumstances, and during major
supply disruptions (Tang 2006). Tang (2006) also highlights the challenges of proactive
execution. Tang considers the cost versus benefit of strategic stock placement throughout
the supply chain as a limitation. In the pharmaceutical industry, the cost of inventory does
not outweigh the potential cost of human life, therefore the cost of inventory will be a

low consideration for defining inventory levels in the framework.
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2.4.1 Supply Chain Risk Categories

Due to the supply chain design of medically significant/important products used in
this research, it is important to understand the internal company and external company
supply risk. The branded pharmaceutical company has limited control of internal supply
chain management at the CMO. Given the configuration of these supply chains it is
important to understand the supply chain risk categories internal and external to the
branded pharmaceutical company. This understanding is necessary in order to develop a
framework that can be managed by Company A and still have an effect on supply
performance to the patient.

Martin and Peck (2004) outline sources of risk in the supply chain as internal to the
firm, external to the firm but internal to the supply chain network, and external to the
network. The risk sources internal to the firm will be the risk that the performance
response framework will mitigate, while also considering risk external to the firm but
internal to the network. See Figure 2-1: Sources of Risk in the Supply Chain outlined by

Martin and Peck.

 Process: Supply chain management activities by the firm.

. * Control: Assumptions, rules, systems and procedures that
LU G L goEeljn rocesses. (Order quantities, batch sizes, safety stock
policies).

External to the Firm But Internal ¢ Demand: Downstream requirements to meet customer need.
to the Supply Chain Network * Supply: Availability of materials/products upstream.

« Environmental: Beyond control of internal firm, or external
External to the Network firm, but impacts supply chain (weather, regulations, natural
disasters).

Figure 2-1: Source of Risk in the Supply Chain (Martin and Peck 2004)
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In a study conducted by Jaberidoost et al. (2013), it was found that 40% of the risk
identified were related to supply and supplier risk, other risk included regulatory and
organizational risk. Other supply chain risk research conducted identified fragmentation
of the supply chain, and lack of visibility of stock to be the highest risk identified (Blos,
Wee, and Yang 2010). If these risks were to be categorized by Martin and Peck they
would fall under external to the firm, but internal the supply chain network. Similar to the
risk that affect the supply chain networks between branded pharmaceuticals and CMO’s
studied in this research.

2.5 Supply Chain Design & Strategies

Characterization of products by supply and demand uncertainty to identify the right
supply chain strategy is the foundation of the Uncertainty Framework developed by Lee
(2002). Lee classifies supply and demand uncertainty by their characteristics. Demand
characteristics by functional and innovative products, and supply characteristics by stable
and evolving processes. The demand and supply characteristics defined by Lee are

summarized in Table 2-2: Demand and Supply Characteristics.

Table 2-2: Demand and Supply Characteristics (Lee 2002)

Demand Characteristics Supply Characteristics

Functional Products Innovative Products Stable Process Evolving Process
Low demand uncertainties High demand uncertainties Less breakdowns Variable to breakdowns
More predictable demand Difficult to forecast Stable higher yields Variable and lower yields
Stable demand Variable to demand Less quality problems Potential quality problems
Long Product Life Short selling inventory More supply sources Limited supply sources
Low profit margins High profit margin Reliable sources Unreliable suppliers
Low product variety High Product variety Less process changes More process changes
Higher volume per SKU Low volumes per SKU Less capacity constraints Potential capacity constrained
Low sock out cost High stock out cost Easier to changeover Difficult to changeover
Low obsolescence High obsolescence Flexible Inflexible

Dependable lead time Variable lead time
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These characteristics are then mapped to either high or low uncertainty. For each
combination of high and low uncertainty, Lee matches the uncertainty to a corresponding

supply chain strategy, see Figure 2-2: Uncertainty Supply Chain Matrix.

Demand Uncertainty

Low (Functional Products) High (Innovative Products)

Low o
(Stable Process) ent supply chain: |

High
(Evolving Process)

Supply Uncertainty
l

Figure 2-2: Uncertainty Supply Chain Matrix, (Lee 2002, 114)

Used with permission
The four supply chain strategies are classified into the following types (Lee 2002,
113-116):

1. Efficient Supply Chain: Low supply, low demand uncertainty. Products that
should follow this model have predictable demand and stable processes. The
goal of this supply chain is to be as efficient as possible so that the cost of
providing product to the patient is low.

2. Risk Hedging Supply Chain: High supply, low demand uncertainty. Products
that should follow this model have process reliability issues, supply source
and lead time uncertainties. The goal of this supply chain is to prevent
uncertainty from affecting the ability to meet demand requirements.

3. Responsive Supply Chain: Low supply, high demand uncertainty. Products

that should follow this model have high uncertain demand, but stable
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processes. The goal of this supply chain is to respond to demand as close to
the customer as possible, to eliminate high inventory carrying cost. This
concept is referred to as postponement, where the products are customized as
further down in the supply chain (closest to customer) to meet customer
demand.

4. Agile Supply Chain: High supply, and high demand uncertainty. Products that
should follow this model have unstable supply, and unpredictable demand.
The goal of this supply chain is to be responsive to demand changes and risk

hedging to supply disruptions.

The characteristics of medically significant/important products studied for this
research are classified as the high supply, high demand uncertainty. High supply
uncertainty (evolving process) characteristics that the medically significant/important
products exhibit are limited supply sources, variable lead times, potential capacity
constraints, and potential quality problems. High demand uncertainty (innovative
products) characteristics that the medically significant/important products exhibit are
short selling inventory due to product shelf life, low volumes per Stock Keeping Unit
(SKU), and high stock out cost. Given the combination of these characteristics, medically
significant/important products should explore using agile supply chains according to
Lee’s Uncertainty Framework.

One of the challenges with adapting an agile supply chain as defined by Lee in the
pharmaceutical industry is the ability to be responsive to customer demand, since
products are not highly customized, and have longer lead times. Using the postponement

strategy in pharmaceutical manufacturing is not feasible as product differentiation occurs
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more upstream in the process during the formulation step (dosage/strength designation of
the products). However, modeling the risk hedging supply chain is more achievable. Risk
hedging supply chains use inventory pooling strategies, multiple supply sources as well
as information sharing and transparency throughout the supply chain to reduce the risk of
supply disruptions (Lee 2002, 113). Incorporating concepts from the risk hedging supply
chain will be considered in the Performance Response Framework proposed herein.

Contrary to Lee’s research pooling inventory to manage risk makes the supply chain
more vulnerable to disruptions under the right conditions (Chopra and Sodhi 2014, 77).
The example Chopra and Sodhi give to illustrate this is Toyota having a single supplier
produce common parts; pooling inventory at a single supplier. If there is an internal
factor that leads to a disruption in supply, or external factor that affects the supplier (i.e.
natural disaster), there could be an indefinite disruption at that supply node until you can
recover that supplier, or source an alternative supplier. Therefore, pooling inventory
across the supply chain at different nodes is an alternative to pooling at a single source
that should be considered.
2.6 Supply Chain Modeling

Vahdani, Zandieh, and Roshanaei (2011) look at a multi-stage predictive model for
how to recover in the event of a supply chain collapse. The first stage of this model
identifies if the supplier meets the required customer due date. If they fail at the first
stage of meeting the customer due date, then the possibility of recovering from the miss is
measured at the next stage. They do not consider a miss at the first stage a supply chain
collapse, if the measurement at the second stage shows there is no further impact. This

model is a similar to actual supply chains, as there can be instances if there is delivery
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delay to a downstream partner, processing can continue if there is enough base inventory
or safety stock to continue processing.

However, their model of the supply chain collapse recovery is based on certain supply
chain network assumptions. While almost all supply chains are unique in nature, below
are some assumptions used in the model presented by Vahdani, Zandieh, and Roshanae
but can also be used broadly across supply chain networks:

e Inventory in the supply chain is controlled based on a periodic review policy. An
order quantity is determined at the beginning of each review period in such a way
as to replenish inventory to a certain predetermined level, known as the order-up-
to level or make-to-stock.

e Customer demand is fulfilled from the end-product inventory, only. When
demand exceeds the end-product stock, unmet demand is back-ordered and
delivered to customers as soon as it becomes available in stock.

e The raw material inventory is supplied from an external source.

The Vahdani, Zandieh, and Roshanaei multi-stage predictive model also assumes that
the production facilities have unlimited capacities. The assumption of unlimited
production facility capacity is flawed, and an unrealistic reality in many supply chains.
Capacity constraints should be considered at every node within a supply chain network.
This supports the need to understand capacity constraints and to review them periodically
against demand.

Another model is presented by Graves (2000) and looks at optimization of safety
stock placement within the supply network. This model assumes that each stage of the

supply chain operates with periodic review of base-stock policy, that each stage quotes a
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guaranteed service time to its customers, and that demand is bounded (Graves, Willems,
and Zipkin 2000). This model also focuses on minimizing the inventory requirements in a
supply chain. Minimizing inventory is not always an optimal solution when building
proactive measures in a supply chain, while trying to improve supply performance. While
minimal inventory considers the cost of inventory to the company, it does not consider
the output service level to the customer. In this framework customer service levels will be
considered when making decisions of inventory levels and safety stock placement.

2.7 Supply Chain Visibility

Supply chain resilience is the adaptive capability of a supply chain to prepare for
and/or respond to disruptions, make a timely cost-effective recovery, and progress to a
post-disruption state of operations in a better state than prior to the disruption
(Tukamuhabwa et al. 2015, 5599). Tukamuhabwa et al. (2015) identify four key
strategies for building supply chain resiliency: flexibility, creating redundancy, supply
chain collaboration, and supply chain agility. Supply chain collaboration and agility are
areas of interest for this research. Supply chain collaboration is the information exchange
between supply chain partners that enables the supply visibility. Supply chain agility is
the ability to respond to changes in the supply chain.

Supply chain visibility is a critical component of supply chain performance. Supply
chain visibility was defined as the following: means whereby information in the supply
chain is visible to partners (Klueber and O’Keefe 2013); and the identity, location and
status of entities transiting the supply chain, captured in timely messages about events,
along with the planned and actual dates/times for these events (Vernon 2008, 182).

Supply chain visibility has four elements, visibility for sensing, visibility for learning,
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visibility for coordinating and visibility for integrating (Wei and Wang 2010). Wei and
Wang (2010) define the four components of supply visibility as the following:
1. Visibility for sensing: To acquire real time information to recognize changes
in the supply chain.
2. Visibility for learning: To gather information about the supply chain, and the
supply chain partners and learning from the data.
3. Visibility for coordinating: To support decision making in the supply chain.
4. Visibility for integrating: To gather information to understand the supply
chain strengths, and weakness, for alignment of strategic goals and
capabilities of the supply chain.

Supply chain visibility is an issue identified that can cause supply chain inefficiencies
and effect supply chain performance. While supply chains may not be able to be fully
integrated across ERP platforms, supply chain management processes can be developed
to compensate for this gap. Standard and frequent communication across supply nodes

will be a key enabler for the framework to increase supply chain visibility.

2.8 Supply Chain Performance

Measuring supply chain performance allows you to monitor the overall health of the
supply chain. One of the challenges with measuring performance is ensuring that what
you measure tells a story, and that what you are measuring aligns with your strategy.
Stefanovic (2014) suggest that performance measurement systems should have some of
the following characteristics: are directed to overall strategy, are simple and easy to use,
are timely and actual, are consistent, and enable proactive management rather than

reactive. To measure the performance of your supply chain in order to mitigate
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disruptions it is important to measure leading indicators to enable proactive, rather than
reactive responses.

The effectiveness of performance measurement relies on standardized supply chain
processes and metrics (Stefanovic 2014, 4). Stefanovic infers that utilization of the SCOR
model is a standard approach to supply chain management and measuring supply chain
performance. Using the SCOR model processes of plan, source, make, deliver to develop
to Key Performance Indicator’s (KPI’S) can be beneficial (Chae 2009). Key Performance
Indicators (KPI’s) are leading indicators of a desired outcome (Proctor 2017), used to
measure performance tied to the organization’s strategy and stakeholders’ interest
(APICS 2016). SCOR Level 1 metrics are considered KPI’s as they measure the overall
health of the supply chain.

The SCOR model has three level of metrics: Level 1 — KPI’s, Level 2 — metrics that
serve as a diagnostic for Level 1 metrics, and Level 3 that serve as diagnostics of Level 2
metrics (APICS 2017, 1-3). SCOR level 2, and 3 metrics can be also referred to as key
risk indicators. Key risk indicators (KRI’s) are leading indicators that will impact a KPI.
See Appendix A — Example SCOR Metrics, for examples of Level 1, 2, and 3 SCOR
metrics that measure supply chain reliability. SCOR metrics, as well KPI’s defined by
Company A will be used as a guide to develop and measure supply chain performance as
an element of the Performance Response Framework.

2.9 Six Sigma and Supply Chain Management

APICS (2016), defines Six Sigma as a methodology that furnishes tools for the

improvement of business processes with the intent to decrease process variation and

improve product quality. Traditionally Six Sigma has been used to improve
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manufacturing quality but has evolved to applications across the business. The Six Sigma
methodology DMAIC, define, measure, analyze, improve and control, enables wide
applications of use for Six Sigma.

DMAIC is a phased approach to problem solving with five process steps used for
existing processes and products (Mehrjerdi 2013), see Figure 2-3: DMAIC Process Steps.
Another Six Sigma methodology for new products and processes is called DMADV
(define, measure, analyze, design, and verify) (Mehrjerdi 2013), or DFSS (design for six
sigma). DFSS and DMADYV will not be discussed any further as it will not be used in this

research.

Figure 2-3: DMAIC Process Steps

In 2004 Samsung combined supply chain management and Six Sigma to improve
their supply chain operations using a DMEAYV (define, measure, analyze, enable, verify)
approach, as they felt it supported process redesign but still included elements of process
improvement (Yang et al. 2007). At the time Samsung saw the value of DMIAC, but
their business need was process redesign, as 75% of their projects were in this space.
Along the line of process improvement Madhani (2016) identified that supply chain
service level improvements can be realized by the deployment of Six Sigma. These
improvements include but were not limited to on time delivery, order completeness, order

fill rate, order cycle time, and low stock out levels. Implementation of DMAIC can
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improve supply chain management performance by simplifying processes, and increasing
flexibility and responsiveness (Madhani 2016, 23). The DMAIC methodology will be
used in this praxis to answer research questions, improve the supply chain management
processes and the delivery performance of medically significant/important products.

2.10 Summary and Conclusion

There are proactive mitigation models, and reactive models for supply disruptions,
but limited research and application of these models address pharmaceutical supply
chains of low volume medically significant/important products. The absence of end to
end supply chain visibility poses a risk to supply chain performance, as well as supply
chain responsiveness, but limited research exists for how to mitigate these risks between
internal and external suppliers (pharmaceutical companies and their CMO’s). While the
SCOR model is a process reference model for supply chain management, adherence to
the model is not evident in most supply chains. Standard metrics exist within the model
but not are always leveraged when measuring supply chain performance throughout the
supply network.

Adopting supply chain strategies that can strengthen the supply chain based on
product characteristics is absent within the pharmaceutical industry as supply chain
models are usually one type fits all and designed around the high volume-high value
products. Classifying products by their characteristics to find the best supply chain
strategy should be adopted for medically significant/important products.

The DMAIC application to business processes, not just manufacturing processes can
also yield benefits and will be used in this praxis to improve supply chain management

processes and supply chain performance.
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Chapter 3—Methodology

3.1 Introduction

This praxis will use tools from the Six Sigma methodology DMAIC (define, measure,
analyze, improve, and control) to aid in the development of the Performance Response
Framework. The DMAIC methodology will be used as a tool to leverage and identify the
process steps to be included in the framework. The framework will be a piloted solution
implemented within the improve phase and will be the standard business process to be
followed within the control phase.
3.2 Define

The first phase of the DMAIC process is define. During the define phase the problem
statement and project scope are defined, and the objectives and benefits to solving the
problem are identified (George et al. 2015; Pzdeck 2003). Other key steps in the define
phase are to document process or processes that will be improved by mapping out the
process (Pzdeck 2003). Processing mapping includes a high-level map of the overall
process and a SIPOC analysis (supplier, input, process, output and customer) (George et
al. 2015, 4).

3.2.1 Problem Definition & Scope

Company A has a portfolio of pharmaceutical products that are manufactured
internally and externally to the company. The products of interest for this research are
five select low volume medically significant/important products where some or all parts
of manufacturing process are external to Company A. The products selected were based
on access to data and business process information. Product names and attributes will not

be used due to confidentiality and will be referred to from here on out as Product 1P, 2, 3,
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4, 4P or 5P. A product number ending in P indicates the product type is a packaged
product, all other products are bulk tablets or solutions manufactured to be packaged at a
downstream supply node.

Supply disruptions of medically significant/important products are of interest for this
research due to their product profile, if these products are delayed or stocked out there are
no alternatives on the market for patients. Company A being the sole supplier for these
products has the public responsibility to ensure on-time supply.

The problem as defined in the problem statement in Chapter 1 is: Low volume
medically significant products are subject to miss delivery dates and contribute to supply
disruptions. The scope of this research is limited to bulk manufacturing through shipment
from the packaging sites to secondary packaging sites or to distribution centers (end
markets). The scope was limited to bulk manufacturing and packaging as those are the
only supply chain nodes that Company A currently collects data for. In this research all
products have bulk manufactured outside of Company A at a CMO, but packaging can
occur at a CMO or at Company A. See Figure 3.1: Sample Supply Chain Map - Scope

Highlight that shows the supply chain nodes within the scope of this research.

| Sample Supply Chain Map ‘

| Chemical Synthesis Formulation —— Packaging End Market |
Intermediates API
Company A
. Europe
Supplier 2 Company A
L ion 2

Supplier 3
oo 1 | inscope L e

Location 3

Supplier 4

Figure 3-1: Sample Supply Chain Map - Scope Highlight
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3.2.2 Objective and Benefits
The objective of this research is to develop a framework for Company A that will
improve the delivery performance of medically significant/important products. Through
this research, Company A will be able identify the main causes of delivery misses, and
how many days from target the delivery misses are.
3.2.3 SIPOC Analysis
SIPOC analysis is a qualitative tool used in process improvement to define business
processes, and map the relationships between suppliers, inputs, process steps, outputs and
customers (Antony et al. 2012; Gitlow, Levine and Melnyck 2015). The components of
the SIPOC according to Gitlow, Levine and Melnyck (2015) are:
1. Suppliers — providers of required resources
2. Inputs — resources required by the process
3. Process
4. Outputs — deliverables from the process

5. Customers — stakeholders who put requirements on the outputs

The bulk manufacturing and packaging processes were mapped, and SPIOC analyses
were performed. See Appendix B for the Bulk Manufacturing and Packaging Process
Map and SIPOC.

3.2.4 Voice of The Customer

The Voice of the Customer (VOC) is useful in process improvements, as it ensures
your goals are consistent with customer needs (George et al. 2005,55). The SIPOC
analysis performed in Section 3.2.3 identified the end customer as the patient. Without

direct access to survey the customer in this case, due to the nature of the process output:
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finished product, we can infer that the patient wants product on time, every time in order
to meet their medical needs. Not having the medicine, they need when they need it, will
create low customer satisfaction. The key process output variable (KPOV) is delivery
performance of medically significant/important products. Delivery performance will be
measured by how many days late the material is shipped versus the target (requested)
ship date. The target is to reduce the number of days late to the downstream supply node.
The key process input variables (KPIV) critical to on time delivery are schedule
achievement/adherence, components released on time, batches released on time, and
inventory availability.
3.3 Measure

In the measure phase of DMAIC, the objective is to determine the current state of the
process leveraging tools like process capability analysis, and Pareto analysis. This phase
is to decide what key metrics for the business process are and to collect data on the
processes that are trying to be improved (Antony 2006; George et al. 2005). Data
collected in this research will be pulled from SAP (Systems, Application and Products in
Data Processing), an ERP (Enterprise Resource Planning) system used by Company A.
SAP will be discussed later in this chapter.

3.3.1 Data Collection Plan

Data was collected from Company A’s SAP system, for the selected products, with
the actual ship date range covering April 2018 to January 2019. April 2018 was selected
as the starting period to collect data, as this was when Company A initiated a business
process to track delivery miss reason codes when products were not shipped by their

target (requested) ship date. SAP ECC (ERP Central Component), is where transactions
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are preformed and tracked. ECC software integrates digital information that is created in
one area of a business with data from other areas of the same business in real-time (Rouse
n.d.). Examples of ECC transactions at Company A, are purchase order creation, goods
issue, and goods receipt. Master data is also maintained in ECC, master data fields related
to this research can be found in Appendix C — SAP Data Fields. SAP master data fields
are also used to calculate system generated fields in SAP that determine delivery
performance, see Appendix C for system calculated data fields. System generated data
fields in SAP are also generated from manual transactional fields, see Appendix C for
manual transactional fields.

Company A uses a business intelligence reporting tool that pulls data fields from SAP
to identify delivery misses. This tool compares the actual ship date to requested ship date
of each order. If the actual ship date is greater than 30 days before the requested ship
date, or any time after the requested ship date, it is considered a delivery miss. The
number of days late/early is the calculated difference between the actual ship data and the
request ship date. If there is a delivery miss, site supply planners or operations managers
are required to enter a standard miss reason code in the reporting tool (reporting as Miss
Code Standard -1 in the data analysis) and miss code details in the comments field. The
miss reason codes available to select from were Component/API delay, Investigation,
Manufacturing Delays, Other, and Subcon/ship order misalignment. The distribution of
delivery miss reason codes, for the 23 delivery misses will be discussed in the Analyze
section. Data was also pulled from SAP across the same time period for the selected
products where the material was shipped on or before the requested ship date as on time

shipments.
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As mentioned in previous section, the due to confidentiality, company names, product
names, will not be used. As such plant names of manufacturing or packaging sites
whether they are internal to Company A or are a CMO will be called Plant A, B, C, D,
and E. See Table 3.1 - Product Plant Matrix that shows where their products are

manufactured and/or packaged.

Table 3.1 Plant Product Matrix

\ \ Plant
A B C D E
1P X
2 X
3 X
4 X
4pP X
5P X

Product

3.3.2 Current Performance

To evaluate the current state of the process, data was pulled from SAP to collect the
number of delivery misses (shipped late from supplier to downstream customer) for the
selected products, and the business reporting tool was reviewed to retrieve the standard
miss reason codes and comments. Between April 2018 and January 2019 there were 23
delivery misses for the selected products, Product 1P, 2, 3, 4, 4P and 5P.

Process measurement tools (control charts, process capability, and Pareto charts) will
be used to evaluate the current state of the process. Process mapping and root cause
analysis will also be used to understand the process and where gaps exist in order to
determine where improvements can be made to improve delivery performance.

3.3.2.1 Process Measurement Tools
To determine the current state of the process, measurement tools such control charts,

process capability, and Pareto analysis are utilized. Control charts are Six Sigma tools
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used for four main categories, process monitoring, process improvement,
characterization, and defect reductions (Khan 2013, 267). Individuals Moving Range (I-
MR) charts are a type of control chart used for continuous data when there is a subgroup
size of 1. The data collected for this praxis is continuous data, with one subgroup,
therefore an I-MR chart was used to analyze the stability of the process. Variation in the
process can be detected by visual analysis of the I-MR charts. If there any points on the
moving range chart that are outside of the control limits, the process variation is not in
control, and those points are to be investigated.

There are two types of variation in a process, common cause and special cause.
Common cause variation occurs in processes that are in statistical control, and are
variations that are innate to the process, due to random factors present in the process
(Christensen et al. 2007, 196; George et al. 2005, 118). Special cause variation are
variations that occur due to non-random factors, and are not predictable, making the
process unstable (Christensen et al. 2007, 196; George et al. 2005, 118).

Process capability analysis are used to assess the performance of the process against
process requirements. Cpk and Ppk are process performance indices used to measure process
capability. Cyk is measured using the standard deviations of subgroups, and Py is
measured using the standard deviation from all data; Pp« is a better indication of long-
term variation and capability, and a better indication of long-term process performance
(George et al. 2005, 137). A process Ppk < 1 is an indication that your process is not
meeting customer requirements, and the process should be improved (Christensen 2007,

191). Ppkis calculated by the taking the minimum of the upper or lower capability limits
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(George et al. 2005, 139; Kahn 2013, 316). This calculation can be done manually or in

Minitab.

 USL—X X —LSL
Ppk = Min | 30 3, ]

Equation 3.1: Ppk

An I-MR chart was created using the number of days late for the 23 observations
between April 2018 and January 2019 for the selected products, and the process control
and process variation was evaluated. Results from this analysis will be discussed in
Chapter 4 — Results.

3.4 Analyze

In the analyze phase of DMAIC, the objective is to arrive at true root causes with
evidence, by analyzing the collected data in the measure phase, understand the nature of
data and the distribution or patterns of data, and collect additional data to determine root
causes (Antony 2006; George et al. 2005).

To analyze the standard miss reason codes for the delivery misses, a Pareto chart was
run. Pareto charts are used to identify and prioritize sources of the problem, as they
highlight the vital few sources of trouble (Antony 2006; George et al. 2005). Pareto
charts are visual tools that display the frequency of occurrences from most frequent to
less frequent and give a clear visualization of what categories contribute to an event.

A Pareto chart was generated to stratify miss reason codes for delivery misses of
orders from April 2018 — January 2019 to determine what events contributed to deliveries
not being shipped on-time to the downstream supply chain node. The miss reason

standard codes that are available for selection in Company A’s business reporting tool are
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Component/API availability, Subcon/ship order misalignment, Investigation, and Other.
Definitions of the miss reason standard codes are as follows:

1. Component/API availability: Component and API required for
manufacturing was not readily available for consumption and delayed
manufacturing start.

2. Subcon/ship order misalignment: SAP Subcontract orders (also called
shipping/purchase orders) placed in the system did not align with
customer requirements (shipping date or required by date incorrect).

3. Investigation: A process deviation, or a component investigation
caused a delay in manufacturing or shipping of product.

4. Other: Any other event besides Component/API availability,

Subcon/ship order misalignment, or Investigation.

To further understand the “Other” miss code, the miss code details provided by the
planners/managers were evaluated and categorized. Of the four “Other: miss codes, three
were related to Change Control and one was related to Batch Release. Change Control is
a process that is implemented when there is a process or component change that needs to
be implemented and documented because it effects a critical process parameter, or a
paper trail is needed to keep track of process changes. Batch release is defined as release
of the product or component by quality after ensuring conformance to all product and
process specifications, and there are no open investigations or change controls.

In order to determine the true root causes a cause-and-effect diagram with a 5-Why
Analysis was performed to understand why orders were not shipped by the requested ship

dates. A cause-and-effect diagram is used as a tool to determine the potential root causes
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of an effect; the effect is defined as orders are not shipped by requested ship date. The
miss reason standard codes used as the causes of the effect, are Component/API
availability, Subcon/ship order misalignment, Investigation, and Change Control. The 5-
Why analysis was done to find a potential root cause of the causes from the cause and
effect diagram. A 5-Why analysis consist of asking why an outcome occurs, until a
potential root cause is determined. (George et al. 2005,145).

Miss reason codes were also continually categorized based on detail provided in the
business reporting tool, and the characteristics of the delivery miss. The top causes of the
miss reason standard categories were CMO Supplier Delay, Component Defects, Change
Control and Order Due Date Misalignment. Review of the site supply planner/manager
details provided indicate that the Change Controls were related to components. After this
analysis and the 5-Why analysis, miss codes could further be categorized into Miss
Categories that the site supply planners at Company A could control and build risk
mitigation measures against. The categories identified were Component Availability,
Planning and Logistics. See Table 3.2 Miss Code Standard 2 Categorization, for which

miss category the Miss Code Standard- 2 were placed.

Table 3.2 Miss Code Standard 2 Categorization

Component Availability Planning Logistics
API Availability Order Due Date Shipping
Misalignment
Batch Release SAP Master Data Set-Up
Change Control
Component Defect
CMO Supplier Delay

Categorizing the miss code standard detail into the 3 categories, gives the site supply

planners an indication on where to focus their risk mitigation efforts based on the root
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cause of the miss at the CMO. The next step is to understand what processes currently
exist in supply chain planning to proactively identify these risks and mitigate them.

To understand the gaps that exist in the planning process, the overall supply chain
planning process was mapped, as well as site supply planner and CMO planner activities,
see Appendix D — Supply Planning Process. The supply chain planning process map is
showing the overview of the monthly supply chain activities that occur, in what sequence
they occur and in what system location the activity takes place. SAP-APO (Advanced
Planner and Optimizer) is the system where many supply chain planning activities take
place. APO is planning book that allows forecast to be entered at the demand planning
level, and supply plans to be created based on the demand and has direct link to ECC data
such as Purchase Order expected delivery dates (Rouse n.d.). The “Current State Site
Supply Planner and CMO Planner Activities, after Day 28” list the key activities that the
planners perform during the Firm Period (0-90 days before the order is due to ship), and
the Long-Term Period (outside of the firm period) as well as the supply chain
communication. Understanding the miss category events that led to delivery misses, as
well as the supply chain planning process enables process improvements to be identified
and implemented.

Hypothesis testing will be performed in Chapter - 4 Results, to demonstrate what
primary categories contribute to missed delivery dates, and to show improvement after
the performance response framework is implemented. Analysis of Variance (ANOVA)
will be used to test if the means are significantly different between miss and no miss
categories, assuming the data meets the assumptions of ANOVA. The miss categories

will also include “None”, which will be data points from orders that were shipped on time
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(between 0 and 30 days before the requested ship date) of the same products within the
same time frame. Plotting the data on a probability plot will be used to test data
normality, and a Test for Equal Variances will be run in Minitab. If the data is not
normal ANOVA cannot be used to test H1, and a Kruskal-Wallis test will be used to
evaluate if the miss categories are statistically different.
3.5 Improve
In the improve phase of DMAIC, potential solutions are developed, and

implemented. A Performance Response Supply Chain Management Framework will be
implemented in this phase. The framework is an iterative model that site supply chain
planners will follow. This framework will not replace the Supply Chain Planning Process
from Appendix D, but it will add structure around the Site Supply Planner activities. The
framework will outline when different supply chain activities need to be performed,
based on a frequency and/or in response to supply disruption events. See Figure 3-2:
Performance Response Framework and Appendix E— Performance Response Framework.
In Chapter 2, based upon Lee’s Uncertainty Framework medically significant/important
products were high demand/high supply uncertainty and would model the risk hedging
supply chain. Risk hedging supply chains use inventory pooling strategies, multiple
supply sources as well as information sharing and transparency throughout the supply
chain to reduce the risk of supply disruptions (Lee 2002, 113). Concepts from risk
hedging supply chains will be considered in the Performance Response Framework.

3.5.1 Performance Response Framework

Each activity in the framework is defined for a frequency or a supply disruption

event, See Figure 3-2. The framework definition of a supply disruption event is when an
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order is shipped after the requested ship date to the downstream customer. Framework
activities are defined for the following: annually or after a supply disruption event,

monthly/weekly and/or following a supply disruption event.

Frequency: Annually or Supply Disruption Hypercare

Establish Segmentnodesbased on Review & Validate ReviewManufacturing Process Map End
KRI’s for Supply historical performance Master Data Fields batch size and standard to End Planning
ChainNode?! against established KRI atSupply Node? orderqty Process?

Class 1: Rolling 12 month KRI<50%or end market stock out

Class 2:Rolling 12 month 50%<KRI < 75%, nomarket
impact ince, Order Fill Rate, Lead Time
e numbers are aligned with Enterprise

Class 3: Rolling 12 month KRI >75%, no marketimpact 1, Supply Chain ERP Systems Capabilities

Supply Disruption Event Response Segmentation Inventory Calculation
Safety Stock = Za *\/ ((LT/T)*0i? )+ Up * 017 )?

Root Cause:
Component
LCHE 1% Z,: normal distribution z-value determined from the defined
servicelevel

Identify Worlstream point of failure and resolve: op : the standard deviation of historical demand
Plannmg Process, PeopleorProcedure Up : the average historical demand
LT : Total Lead Time

T: time period used calculating standard deviation of demand.

A 4

Order Missed
By Delivery
Dateor Order
Qty

—— Didthis effect component availability when required o7 : standard deviation of the lead time as calculated of supply to
atpoint of use? Yes downstream node
> Class 1: Service Level 95%, Class 2: Service Level 90% Class 3:Service Level 85%

Monitor and trend root causes. Implement internal
corrective action orwork with supplier oncorrection
action plan.

Figure 3-2: Performance Response Framework

3.5.2 Framework Detail

The first step of the framework is to the establish Key Risk Indicator(s) for each node
of the supply chain. The Key Risk Indicator(s) will be defined from the SCOR Model
performance metrics, based on Key Performance Indicator(s) being tracked for the supply

chain as defined by Company A. See below for an overview of the framework activities”

1. Annually or Post Supply Disruption Event:
a) Segment supply chain nodes based on historical performance against

established KRI’s. (Class 1: Rolling 12-month KRI < 50% or end market
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b)

d)

stock out, Class 2: Rolling 12 month 50% < KRI < 75%, no market
impact, Class 3: Rolling 12-month KRI > 75%, no market impact). The
Node segmentation classification is used for the inventory calculation.
Review and validate master data fields (all lead times including transit and
release times in SAP ECC).

Review manufacturing batch sizes and standard order quantity. Ensure that
the order quantities are aligned. Adjust if necessary (i.e., if standard order
quantities are greater that manufacturing batch size, this can create
capacity issues in manufacturing)

Process map the end to end planning process, including communication

flow, transactions, material, and SAP capabilities or limitations.

Monthly/Weekly or Post Supply Disruption Event:

a)
b)

d)

Monitor and Trend KRI’s. (Weekly)

Monitor inventory (including safety stock) at each node as well shelf life
limits. (Monthly)

Monitor % demand change month to month for the long-term period
outside of the firm period. Demand changes month to month can be an
early indication of erroneous forecasting and should be escalated to
regional planner.

Monitor Actual Lead Time vs Standard Lead (Monthly)

. Supply Disruption Event Response. If an order is missed by shipping after the

requested ship date or less than 90% of the order quantity categorize the root

cause. Perform the response activities based on root cause category:
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a) Component Availability:

i. Response: Monitor inventory at each supply chain node
including safety stock and determine the new safety stock
value based on the supply node segmentation. If required,
create a Purchase Order to build safety stock to the new level.
Safety stock must remain at this level until the supply chain

node is segmented as a higher class (i.e. from Class 1 to Class

2 or 3).
b) Planning:
i. Response: Identify workstream point of failure (process,
people, or procedure), and resolve.
c) Other:

i. Ask: Did this effect component availability when required at
point of use? If yes, monitor and adjust safety stock according
to supply node segmentation. Also monitor and trend root
cause, implement internal corrective action plan or with
supplier (CMO) on corrective action plan.

3.5.3 Framework Risk Analysis

When implementing a new process or product the use of a Failure Mode and Effect
Analysis (FMEA) is leveraged to identify potential failure modes, and to evaluate and
prioritize the failure risk (Edsel 2015). The severity of the failure, probability of failure
occurrence, and likelihood that the failure will be detected are the categories that are used

to determine the Risk Priority Number (RPN).
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RPN = Severity x Occurrence x Detection
Equation 3.2 — Risk Priority Number
The scoring rating scale used for each category is as follows:

1. Severity: 1 —10; 1 indicates low severity, and 10 indicates the highest
severity.

2. Occurrence: 1-10; 1 indicates low likelihood of occurrence, 10 indicates
certainty of failure.

3. Detection: 1 -10; 1 indicates certainty that the potential failure will be found,

10 indicates the current controls in place will not detect the potential failure.

The RPN is then used to prioritize failure modes that should be addressed with either
a corrective action or preventative action (George et al. 2005, 272). A FMEA was
performed on the Performance Response Framework to identify potential failure modes
in the new proposed process, See Appendix F — FMEA Performance Response
Framework.

The steps of conducting the FMEA include understanding the potential risk on the
process and implementation (George et al. 2005, 271), review of the process steps in the
proposed framework, and identification of the potential failure modes, and potential
failure effects. Each potential failure mode was then given a severity, occurrence and
detection rating based on the rating scale. The potential cause(s) of each failure mode and
current process controls in place to prevent the failure mode form occurring or to detect
the failure mode were identified. The FMEA performed on the Performance Response
Framework in Appendix F, utilized the template from The Lean Six Sigma Pocket

Toolbook by George et a1, 2005.
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3.5.4 Proposed Framework Implementation

Case studies using selected products will be performed to demonstrate the
improvement of supply delivery after implementation of the framework. The historical
supply chain delivery performance and current supply chain conditions will be used as a
base line. Steps of the framework will be applied to the scenario in order to determine if
there would be an effect on the delivery performance with the framework in place.
Parallel to the case studies if time permits, the framework will be implemented to the
actual process of the supply chains for the select products that will have upcoming
manufacturing campaigns, to determine if enough data can be collected to do a

comparison of delivery performance pre and post framework implementation.

3.6 Control

In the control phase of DMAIC, the key objectives are to sustain full scale
implementation, implement process control plans, develop new standards and procedures
to ensure long term goals and validate performance over several (6-12) months (Antony
2006; George et al. 2005). Due to the time constraints, the control phase will not be fully
realized, and performance validation will not be able to be performed. For medically
significant/important products the framework will be implemented as a standard business
process tool that will enable sustainment and consistent supply chain decision making.
Built in process steps with defined frequencies, and trigger points prompt the supply
chain planner to take action and respond. Monitoring KRI’s routinely give the site supply
chain planners early indicators of the health of the supply chain. Control processes and

checks embedded in the framework close the gap of not validating the control phase at
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this time. Monitoring defined metrics and response instructions will keep the process in
control.
Chapter 4 — Results will discuss full results of the data analysis performed throughout

the measure, analyze, and improve phases of the DMAIC methodology.
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Chapter 4—Results

4.1 Introduction

This chapter will present and discuss the results of the measure, analyze, implement
and control steps from the DMAIC process outlined in Chapter 3. This chapter will
provide a detailed snapshot of delivery performance of the selected products before
application of the proposed framework. The results of the data analysis will be presented
and discussed in the Current Performance section. Case studies will be presented to
demonstrate the effectiveness of the Performance Response Framework. The case studies
will review historical delivery misses, with the applied framework principles to evaluate
if the requested ship date target would be met.
4.2 Current Performance — Delivery Performance and Root Cause Analysis

To evaluate the current state of the process, process stability evaluation, process
capability calculations and root cause analysis were performed. Data used for these
analyses was pulled from SAP to collect the delivery misses (shipped late from supplier
to downstream customer) for the selected products, see Appendix G — Delivery Misses
April 2018 — January 2019. Between April 2018 and January 2019 there were 23 delivery
misses for the selected products. April 2018 was selected as the starting period to collect
data, as this was when Company A initiated a business process to track delivery miss
reason codes when orders were not shipped by their target requested ship date.

Data pulled from SAP were the plant identification numbers associated with the
sending and receiving plants (omitted — not applicable), the product name (omitted for
confidentiality), product material number (omitted for confidentiality), and purchase

order number (omitted — not applicable), the requested ship date, and the actual ship date.
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The days early/late was calculated by the difference between actual ship date and the
requested ship date. The miss reasons (Miss Code Standard 1) for the delivery misses
were pulled from the business intelligence report that is populated when the delivery miss
is reported. This information was used for the root cause analysis.

4.2.1 Process Stability and Capability Results

Process stability and capability were determined by using control charts, and process
capability analysis performed in Minitab. For this analysis, an I-MR control chart was
created using the number of days late observed from the 23 orders that did not ship by the
requested ship date between April 2018 and January 2019. The number of days early/late
was calculated by the difference between the actual ship date and the requested ship date
(target). Minitab was used to create the I-MR chart (performing test for all special
causes), see Figure 4-1: I-MR Chart: Delivery Days from Target.

I-MR Chart Delivery Days From Target
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Figure 4-1: I-MR Chart: Delivery Days from Target
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The test for special causes detects points beyond control limits and special patterns in
the data. There are observations that failed the test for special causes in both the | Chart,
and the MR Chart (see circled points in Figure 4.1) by visual observation and via
descriptive test results from the Minitab Session Window see Figure 4-2: I-MR Test

Results.

Test Results for | Chart of Days Early/Late

TEST 1. One point more than 3.00 standard deviations from certer line.
Test Failed at points: 23

Test Results for MR Chart of Days Early/Late

TEST 1. One point more than 3.00 standard deviations from center line.
Test Failed at points: 18

Figure 4.2: 1-MR Test Results
The points from the charts that failed were the following:
1. 1 Chart -Test 1: Point 23. This observation is an order that was shipped 62
days after the requested ship date due to an investigation.
2. MR Chart — Test 1: Point 18. This observation is an order that was shipped

2 days after the requested ship date due to an investigation.

Both of these delivery misses are assignable as they are due to investigations (due to
out of specification components) and are assignable and can be removed (Borror 2008,
492). With omision of these two data points the I-Chart and MR-Chart are in control,
indicating the process is stable. See Figure 4-3a: I-MR Chart Days From Target (Failed
Points Omitted). The next step was to determine process capability, Ppk. The calculation

for Ppk was done in Minitab, see Figure 4-3b: Py« - Points Omitted, and Figure 4-3c: Ppk -
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All Points Included. The Ppk calculation was performed with and without the points
removed. The Py for the process with the points omitted is -0.40, and the Ppk with all
points included is -0.37. Both Ppk values are less than one and it is determined that
process is not meeting process specifications and can be improved. In order to determine
where improvements should be made, root cause analyses were performed using Pareto
Charts and Cause-and-Effect Diagrams with 5-Why Analysis.

I-MR Delivery Days From Target (Failed Points Omitted)
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Figure 4-3a: I-MR Chart: Days from Target (Failed Points Omitted)

Process Capability Report for Orders Meeting Requested Ship Date
Points Ommitted
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Figure 4-3b: Ppk- Points Omitted
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Process Capability Report for Orders Meeting Requested Ship Date
All Points Included
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PPM < LSL 0.00 2205.33 285.83
PPM = USL 1000000.00 865206.37 909177.21
PPM Total  1000000.00 867411.70 909463.04

Figure 4-3c: Ppk All Points Included

4.2.2 Root Cause Analysis

Pareto charts and a cause-and-effect diagram with a 5-Why Analysis were used to
determine the root causes of the delivery misses. Pareto charts were used to stratify the
miss reason data extracted from the business intelligence tool to determine miss reason
categories. The cause-and-effect diagram, with a 5-Why Analysis was then used to
determine the true root causes of the delivery misses.

A Pareto chart of the Miss Code Standard categories was run in Minitab in order to
analyze which miss reasons contributed to delivery misses, see Figure 4-4: Pareto of Miss
Code Standard-1. Investigations accounted for 34.8% of the misses, Component/API
availability accounted for 30.4%, while both Other and Subcon/ship order misalignment
accounted for 17.4% of the misses. The Pareto of Miss Code Standard-1, had no clear

pareto effect as it takes more 75% of the bars to account for 80% of the miss codes.
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Pareto Chart of Miss Code Standard-1

25
100

20
80

40

5 20
o] 0
Investigation Component/API delay Other Subcon/ship order misalignment
Count 8 7 4 4
Percent 348 304 17.4 17.4
Cum % 348 65.2 82.6 100.0

Figure 4.4: Pareto of Miss Code Standard-1

As explained in Chapter 3, to further understand the “Other” miss code, the miss
reason details provided by the planners/managers were evaluated and categorized. Of the
four “Other” miss codes, three were related to Change Control and one was related to
Batch Release. Given that replacing the “Other” miss reason code, with Change Control
and Batch Release would not change the pareto effect, all details of the standard miss
reason codes were evaluated and categorized. Based on the details provided and the
standard miss reason codes the following miss standard detail codes were identified: API
availability, Batch Release, Change Control, CMO Supplier Delay, Component
Availability, Component Defect, Order Due Date Alignment, SAP Master Data Set-Up

and Shipping. See Figure 4.5: Pareto of Miss Code Standard-2.
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Pareto Chart of Miss Code Standard 2

100

80

60

Count
Percent

20

Count 5 4 4 3 2 2 1 1 1
Percent 21.7 17.4 17.4 13.0 8.7 8.7 4.3 4.3 4.3
Cum % 21.7 39.1 56.5 69.6 78.3 87.0 91.3 95.7 100.0

Figure 4-5: Pareto of Miss Code Standard-2

Like Figure 4-4, Figure 4-5 did not exhibit a pareto effect. Figure 4-5 does however
drill down further than Figure 4-4 to the root causes. While the miss code standard detail
categories are not the root cause, these categories give the site supply planners at
Company A an idea of where the risk in their supply chain exist. The miss standard codes
that are assigned to delivery misses are not an indication of the true root cause of missing
the requested ship date. From Figure 4-5, the top causes of the miss code standard
categories were Component Defects, CMO supplier delay, Order Due Date
Misalignment, and Change Control. And review of the site supply planner details
provided indicate that the Change Controls were related to components.

In order to determine the true root cause a cause-and-effect diagram with a 5-Why
Analysis was performed, see Appendix I: Cause-and-Effect Diagram, and 5-Why

Analysis. The effect was defined as order not shipped by requested ship date and the
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major causes identified were Component/API Delay, Change Control, Investigations, and
Subcon/Ship Order alignment. They were chosen based on the type of miss code
standards classified. The 5-Why analysis determined that the root cause determination
specifically related to Component/API Delays was limited since some issues were caused
upstream to Company A, and either occurred at the CMO and/or their supplier. Detailed
information was not shared with Company A, and therefore a true root cause could not be
identified. The other causes could be investigated more, as they were related to events
that were shared with Company A (change controls, investigations), or occurred at
Company A (planning issues, investigations). The results of the 5-Why analysis and
details provided in the business reporting tool by the site planners/managers were used to
group the Miss Code Standard-2 codes into Miss Categories. These Miss Categories are
categories that allow the site planners to understand where the gaps in the supply chain
exists. These categories were selected as they were indications to the planner of what
caused the orders to ship late and moreover, they were areas that the site supply planners
at Company A could build risk mitigation measures against. The categories identified
were Component Availability, Planning Process and Logistics, refer to back to Table 3.2.
Figure 4-6 is a Pareto of the Miss Category from the root cause analysis. The leading
cause of shipping orders late is due to Component Availability — 65.2%, followed by
Planning 30.4%, and Logistics 4.3%. Categorizing the miss code standard detail into the
3 categories, has a pareto effect and gives the site supply planners an indication on where

to focus their risk mitigation efforts to ensure supply continuity.
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Pareto Chart of Miss Category
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Miss Code Cat:egorycJ Component Availability Planning Logistics °
Count 15 7 1
Percent 65.2 30.4 4.3
Cum % 65.2 95.7 100.0

Figure 4-6: Pareto of Miss Category

4.2.3 Hypothesis Testing — H1

H1: Component shortages and planning issues are the primary categories for missed
customer requested ship dates.

To determine if component availability, and planning issues were there primary
categories for missed customer requested ship dates, a one-way ANOVA test was
performed on the number of days late/early for orders versus miss category. Additional
data was pulled from SAP for the selected products that were shipped by the requested
ship date during the same specified time frame April 2018 - January 2019, see Appendix
G. These orders were classified with a Miss Category none as these orders would not be
classified as a miss. The groups being utilized in this data analysis are component
availability (shortages), planning, logistics and none. Analysis of the data was performed
to understand the data set and the characteristics of the groups, in this case Miss Code
Categories, see Appendix J — Exploratory Data Analysis. All test and analyses done in the

section were done in Minitab.
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Before the one-way ANOVA test was run on H1, the assumptions of ANOVA needed
to be confirmed, see Appendix K ~ANOVA Assumption Confirmation. The assumptions
of ANOVA are homogeneity of variances (the variances of the groups are equal), and
normality of the data in each group (Christensen et al. 2007, 231, George et al. 2005,
179). Probability plots of the observations of the number days early/late orders were
shipped was used to test data normality from each Miss Code Category (none, logistics,
planning, and component availability). The Test for Equal Variances was used to test the
assumption of homogeneity of variances.

The probability plots created resulted in a p-value < 0.05 for the miss categories none,
and component availability, and p-value > 0.05 for planning. The p-value for logistics
was unable to be determined as there is only one data point. A p-value of less than 0.05,
would indicate the data is not normal, but from visually observing the data points, most
of the points are within the confidence intervals, so normality was assumed, see Figure
4.7: Probability Plot. Given there are only minor departures from normality, the
assumption of normality for ANOVA should hold. However, the Kruskal Wallis test was
also performed to confirm the results of the One-way ANOVA test, see Appendix L —
Kruskal-Wallis Test H1.

The Test for Equal Variances was performed for the number of days early/late by the
Miss Categories. The test resulted with p-values > 0.05, and the comparison intervals
overlap. The results of this test cannot conclude that the variances are different. On this
basis the assumption of the test for equal variances is met, see Appendix K-ANOVA

Assumption Confirmation.
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Probability Plot of Days Early/Late
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Figure 4.7: Probability Plot

A one-way ANOVA test with a Fisher Pairwise Comparison was then run to
determine if the differences between the group means for the number of days/early late

were statistically different.

H1: Component shortages and planning issues are the primary categories for missed
customer requested ship dates.

Null Hypothesis (Ho): All means are equal. There is no difference in the number of days

early/late when a miss category occurs.

Alternative Hypothesis (Ha): At least one mean is different. There is evidence to suggest
that there is a difference in the number of days late/early when a miss category occurs.
Results: Based on the statistical analysis one-way ANOVA, the p-value is 0.000, less
than 0.05. Therefore, the null hypothesis is rejected. There is evidence to suggest that
when miss categories occur there will be a difference in the number of days early and

late. Logistics was not included in H1 as a primary category even though it seems to
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indicate significance, it is a rare event and had only one occurrence and will not be
resolved within the proposed framework. See Figure 4-8a: H1 One-Way ANOVA
Results and Appendix L — Kruskal-Wallis Test H1.

The Fisher-Pairwise Comparison is a test for the differences of means between the
groups. This comparison test for the differences of means, and determines which pairs of
groups are different (the mean difference between the groups are significantly different)
(“Pairwise Comparisons for One-Way ANOVA” n.d), see Figure 4-8b: Fisher-Pairwise
Comparison. The Fisher-Pairwise Comparison results in Figure 4-8b show that the means
of all groups are significantly different from each other except planning and component
availability. This is determined by observing that the confidence intervals for planning
and components contain zero, and they share the same letter grouping from the results
table. From this it cannot be concluded the means are significantly different between days
early/late when the miss category is planning and component availability. However, the
means are different between the other miss categories, none and planning, none and
components, none and logistics which further supports that the number of days early/late
when the none miss category occurs is significantly different from when the planning and
component availability miss category occur. The none miss category has a mean of -6.87
days which indicate the orders were early, while the mean of planning and component
availability are 23.14 and 14.67 days respectively which indicate the orders were late.
Since logistics is a rare event based on the data set, it will not be addressed in the

framework.
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One-way ANOVA: Days Early/Late versus Miss Category

Method

Null hypothesis 211 means are sdgqual
Alternative hypothesis At least one mean is different
Significance lewvel o = 0.05

Equal wariances were assumed for the analyais.
Factor Information
Factor Levels Values

Miss Category 4 Component Availabkility, Logistics, None, Planning

hnalysis of Variance

Source DF Adj 55 &Adj M5 F-Valus |P-Value
Miss Category 3 93594 3131.3 21.4%9 0.000
Error 42 6119 145.7

Total 45 15513

Model Summary

=] B-3g E-sg{ad]j) BR-sg{pred)

12.0700 &0.56% 57.74% &

Means

Miss Category N Mean StDev 95% CI
Component Availability 15 14.87 1l6.8% ( 8.353, 20.%98)
Logistics 1 55.00 Y 30.64, T9.38)
Hone 23 -6.87 T.6% (-11.%85, -1.7%)
Planning T 23.14 11.71 { 13.%94, 32.35)

Pooled StDev = 12.0700

Figure 4-8a: H1 One-Way ANOVA Results
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Fisher Individual 95% Cls

Differences of Means for Days Early/Late
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If an interval does not contain zero, the corresponding means are significantly different.

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Miss Category N Mean Grouping
Logistics 1 '$S.00 A
Planning 7 23.14 B
Component Availability 15 14.67 B

None 23 -6.87 C

Means that do not share a letter are significantly different.

Figure 4-8b: Fisher-Pairwise Comparison

The framework will address the miss categories identified, Component Availability
and Planning. The intent of the framework is to reduce the impact to delivery
performance if the root causes identified occur in the future, see Appendix | for root
causes. Component Availability and Planning are miss categories that allow the site
planners to understand where the gaps in the supply chain exists. These categories were

selected as they were indications to the planner of what caused the orders to ship late and
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moreover, they were areas that the site supply planners at Company A could build risk
mitigation measures against. The steps in the framework do not replace the supply
planning processes at Company A highlighted in Appendix D, but the steps are intended
to identify problems before they have an impact on delivery performance, use delivery
metrics to determine inventory levels, and provide structure around events that need to
happen in the event of a supply disruption (identification of metrics, frequency of metric

reporting, response to supply disruption events).

4.3 Case Studies

The Performance Response Framework was applied to scenarios to analyze the effect
implementation of the framework would have on delivery performance (number of days
orders shipped from target). The framework could not be fully implemented to actual
supply chain processes to produce actual data due to the end-to-end supply chain lead
times of the selected products, and the infrequency of manufacturing as they are low
volume products and timing was not aligned with the praxis deliverables.

Each case study uses the historical delivery performance of the product based on the
analysis in this research, the current supply chain conditions, and supply chain
management business processes to apply the framework in order to determine its effect
on delivery performance. The results are evaluated to determine if the delivery
performance would be different if the framework was in place. The framework is a risk
mitigation measure to the effects of the CMO issues that are beyond the control of
Company A. The results of the Cause-and-Effect diagram with 5-Why Analysis show

that the root causes of the delivery misses cannot be resolved by Company A, but
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mitigations can be implemented and monitored to control the effect on the delivery
performance to the customer.

The products selected was based on their effect on overall delivery performance.
Plant’s D, C, and B were the plants with the most delivery misses. Plant D had 43.5% of
the total misses, while Plant’s B and C both had 21.7% of the total misses. There are 3
products manufactured across the 3 Plants, Plant D (Product 3), Plant C (Product 2), Plant
B (Product 4P) that will be used in the case studies. See Appendix M: Case Study
Product Evaluation, this contains the Pareto analysis used to determine selection of plants
and products.

In order to apply the framework, new data will be introduced if needed to complete
steps of the framework. If the data is not available, it will be noted, and the worst case
will be assumed. For confidentiality purposes the following information will not be
disclosed, product demand (a range will be provided), product lead times (a range will be
provided), and calculated safety stock levels.

4.3.1 Framework Application to Case Studies

For the case studies, each delivery miss for the selected products are evaluated against
the Performance Response Framework. Each delivery miss is presented as a scenario, and
the delivery miss category and details are reviewed. The framework is then evaluated to
determine which step(s) would have mitigated the delivery miss based on the miss category
and the detail. The step or steps of the framework is then applied to the scenario. The result
of the scenario after the framework is applied is presented. If it can be determined that the
outcome of the miss would be different if the framework was implemented, rationale for

the new estimated days late is presented. The adjusted days late is estimated based off the
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original days late, and the framework response time to the original condition. Details of the
framework and evaluations are provided in the case study sections.

4.3.2 Framework Key Risk Indicators

Key risk indicators (KRI’s) are leading indicators that will impact a KPI (Key
Performance Indicator). SCOR metrics that measure supply chain reliability that are
applicable to this research are the following:

e Level 2 Metrics:

% of Orders Delivered in Full = ([Total number of orders delivered in full] /
[Total number of orders delivered])* 100

Delivery Performance to Customer Commit Date = ([Total number of order
delivered on the original commitment date] / [Total number of orders delivered])

*100

e Level 3 Metrics:

Schedule Achievement = Number of orders started for the week/Number of orders

scheduled to start

Level 2 metrics, % Orders Delivered in Full and Delivery Performance to Customer
Commit Date are metrics that are affected if orders are not shipped by the requested ship
date. These metrics are currently measured by Company A (this metric performance will
not be shared for confidentiality reasons). Days from target (days early/late) is the metric

used for this praxis that is measuring the supply chain reliability of the selected products.

The level 3 metric that was identified as a critical leading indicator to the level 2
metrics is Schedule Achievement. This metric is an early indicator of whether the orders

are on track to ship by the requested ship date, and critical to giving the site supply chain
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planners an indication of if the ship date will be met. The schedule achievement target
metric is 100%, and all events that contribute to a target miss should be investigated.

Since schedule achievement is not currently consistently tracked at Company A, the

Establish Segmentnodesbased on

KRI’s for Supply historical performance
ChainNode* against established KRI

I——p Class 1:Rolling 12 month KRl <50%or end market stock out

—— Class 2: Rolling 12 month 50%<KRI < 75%, nomarket
impact

— Class 3: Rolling 12 month KRI >75%, no marketimpact

Figure 4-9: Framework Product Segmentation

starting schedule achievement metric could not be determined. Therefore, all products in
this case study will be segmented based on the worst case, where the KRI < 50%, and

will be classified as Class 1 products. See Figure 4-9: Framework Product Segmentation.

4.3.3 Framework Safety Stock Levels
The current terms will be used to describe the current safety stock levels of the
products used for the case studies.
1. Fixed: Safety Stock Level based on lead time variability and demand.
2. Dynamic: Safety Stock system generated based on upcoming demand over a
specified time horizon. Safety stock level adjust based on demand, and

consumption of material at the supply.

Actual safety stock levels and calculated safety stock levels (based on framework
segmentation) will not be disclosed due to the sensitivity of data. The safety stock
calculated based on the framework will be compared to the existing safety stock levels
and reported as the following:

1. If the current safety stock level is greater than the calculated safety stock,

framework safety stock indicator will be green.
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2. If the current safety stock level is less than the calculated safety stock,

framework safety stock indicator will be red.

The following safety stock level calculation was used to determine the appropriate safety

stock based on the products segmented classification (King 2011):

Safety Stock = Za *\/(LT/T ) *op’ )+(up *orr )

Z, : normal distribution z-value determined from the defined service level

op : the standard deviation of historical demand

up : the average historical demand

LT : Total Lead Time

T: time period used to calculate standard deviation of demand.

ot : standard deviation of the lead time as calculated of supply to downstream

node

4.3.4 Case Study 1: Plant C - Product 2

Equation 4.1: Safety Stock Calculation

Product 2 is a tablet manufactured at Plant C a CMO of Company A, see Figure 4-10:

Supply Chain Map — Product 2. Plant C sources API required for Product 2 from CMO A

& B, the bulk tablet manufacturing process is then performed at Plant C, and the bulk

tablets are shipped back to a Company A site for packaging followed by distribution to

the end market.

Supply Chain Map - Product 2
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The demand for Product 2 is less than 30 batches a year (actual demand for product
cannot be shared). At Company A the site supply planner is responsible for placing
orders for bulk tablet manufacturing at Plant C via SAP. Orders are placed 90 days before
the requested ship due date. The site supply planner is not responsible for procuring the
API, the end to end product planner is responsible for ordering API from CMO A & B to
Plant C. The API lead time is greater than 90 days, so the API orders are placed before
the bulk tablet orders are placed and are based off of the planning forecast and inventory
on hand. The bulk manufacturing lead time (process start to quality release at the CMO)
is 5 weeks. Before the product can be shipped Company A needs to quality release the
material and that lead time is 1 week. It is to be noted that these lead times do not
consider any process deviations or the required time to close out investigations.

The current API safety stock levels for Product 2 are set at dynamic safety stock
levels that are system generated based on upcoming demand over a specified time
horizon. The safety stock levels are adjust based on demand, and consumption of material
at the supply node. It is to be noted that the system does not automatically generate orders
to replenish safety stock inventory to a specified safety stock level. Planners must
manually create the orders to replenish inventory. The framework safety stock indicator
for Product 2 is red, as the current safety stock level is less than the framework calculated
safety stock.

4.3.4.1 Product 2 Delivery Performance

Between April 2018 and January 2019 Product 2 had five orders ship late and were

on average 21 days late. The associated miss categories were due to three Component

Availability issues and two Planning events, see Figure 4-11 and Figure 4-12: Product 2

66



Delivery Miss Category and Product 2 Delivery Miss Code Standard 2. The three
Component Availability misses were due to the following, API not being available to
start manufacturing due to an investigation — APl Availability and Component Defect
(2)and a late API delivery due to a delay at the upstream supplier, CMO Supplier Delay
(1). The 2 Planning misses were both due to Order Due Date Misalignment.

Pareto Chart of Miss Category by Product
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Figure 4-11: Product 2 Delivery Misses Category

Pareto Chart of Miss Code Standard 2 by Product
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Figure 4-12: Product 2 Delivery Miss Code Standard 2
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4.3.4.2 Product 2 Framework Implementation

There were 5 scenarios reviewed for Product 2, three Component Availability and

two Planning. Framework mitigation steps were identified for each scenario based on the

miss category and miss category detail.

1. Scenario 1 — Component Availability — 18 days late

Miss Category

Component Availability

API not available to use in manufacturing due to an open

Mitigation Step(s)

Detail f L
investigation.
Days Late 18
Framework 1. Monitor and Trend KRI's

2. Segmentation Inventory Calculation

Framework
Mitigation Detail

1. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since API
required was not released for use in production.

2. Safety Stock level for API would be established based on
demand and lead time. This quantity would be able to cover 1
manufacturing batch of tablets to satisfy order requirements.

Results

1. Monitoring schedule achievement would have alerted the site
supply planner that the manufacturing of the order did not
commence as planned. At this point an evaluation of safety
stock levels of API would be performed, and safety stock
inventory would be leveraged to minimize impact of the delayed
release of the API.

2. The inventory pending release would replenish the safety
stock inventory that was used to manufacture the batch.
Adjusted Days Late Rationale: This order was originally 18
days late, with weekly review of schedule achievement, the
supply planner would have realized batch was not started within
the week of the planned start (7 days), and initiated permission
for use of safety stock on hand. Manufacturing could of have
been rescheduled and started within 3 days. Adjusted Days late:
10.

Estimated Adjusted
Days Late

10
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2. Scenario 2: Component Availability — 3 days late

Miss Category

Component Availability

API not available to use in manufacturing due to open

Detail . o
Investigation
Days Late 3
Framework 1. Monitor and Trend KRI's

Mitigation Step(s)

2. Segmentation Inventory Calculation

Framework
Mitigation Detail

1. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since API
required was not released for use in production.

2. Safety Stock level for API would be established based on
demand and lead time. This quantity would be able to cover 1
manufacturing batch of tablets to satisfy order requirements.

Result

1. Monitoring schedule achievement would have alerted the site
supply planner that the manufacturing of the order did not
commence as planned. At this point an evaluation of safety
stock levels of APl would be performed and leveraged to
minimize impact of the delayed release of API. Safety Stock of
API could be used to manufacture scheduled batch.

2. The inventory pending release would replenish the safety
stock inventory that was used to manufacture the batch.
Adjusted Days Late Rationale: This order was 3 days late,
and it can be assumed weekly monitoring of schedule
achievement would not have enabled the batch to start any
sooner, as the number of days late was less than the Schedule
Achievement monitoring period of 7 days.

Estimated Adjusted
Days Late

No Adjustment

3. Scenario 3: Component Availability — 42 days late

Miss Category

Component Availability

Detalil Late API delivery due to delay at upstream supplier
Days Late 42
1. Monitor and Trend KRI's
Framework 2. Monitor inventory (including Safety Stock) at each node and

Mitigation Step(s)

shelf life limits.
3. Segmentation Inventory Calculation
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Framework
Mitigation Detail

1. Monthly review of inventory at CMO would have indicated
potential inventory shortage of API for upcoming manufacturing.
(Inventory on hand versus inventory required for manufacturing)
2.KRI - Schedule Achievement would be affected as batches that
were supposed to start would not have started. Site planner
would have been alerted that batch has not started since API
required was not on-hand at the CMO (if the monthly review of
inventory did not trigger a response). Since monthly review
would identify upcoming inventory shortages, actions would be
in place to use Safety Stock.

3. Safety Stock level for API would be established based on
demand and lead time. This quantity would be able to cover 1
manufacturing batch of tablets to satisfy order requirements.

Results

1. Monthly monitoring inventory on hand vs planned
manufacturing and schedule achievement would have alerted the
site supply planner that the manufacturing of the order would not
commence as planned due to API shortage. Monthly monitoring
of inventory on hand would trigger an evaluation of the safety
stock levels of API if there are API shortages based on inventory
on hand versus upcoming manufacturing. Safety stock inventory
would be leveraged to minimize impact of the delay of incoming
API. Manufacturing of the order would have started on time by
using API safety stock.

2.The late incoming inventory would replenish the safety stock
inventory that was used to manufacture the batch.

Adjusted Days L ate Rationale: This order was originally 42
days late, the late incoming API from the upstream supplier
would be identified during the monthly review of inventory on
hand prior to the scheduled start of the order. The planner would
have been alerted of the inventory shortage prior to the scheduled
manufacturing in order to ensure API supply was available to
start the manufacturing orders on time and to ship the order by its
requested ship date.

Estimated Adjusted
Days Late
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4. Scenario 4: Planning— 19 days late

Miss Category

Planning

Order not placed in firm period of 90 days before requested
due date. Material requested from downstream customer

Detail within the firm period. CMO rejected order and requested ship
date could not be changed.
Days Late 19
Framework .
None exist

Mitigation Step(s)

Framework
Mitigation Detail

1. There are no steps in the framework that address when
orders should be placed and this a defined activity in the
Supply Chain Planning Process Map - See Appendix D.

Results

1. The Supply Chain Planning Process map defines when
creation of process orders needs to occur. The framework
could not have changed the outcome of this event.

Adjusted Days L ate Rationale: Days will not be adjusted as
the framework would not have prevented this miss from
happening.

Estimated Adjusted
Days Late

No Adjustment

5. Scenario 5: Planning— 24 days late

Miss Category

Planning

Planning responsibilities changed, and all orders were not

Detail reviewed. Due date to customer was changed but system was
never updated.
Days Late 24
Framework None exist

Mitigation Step(s)

Framework
Mitigation Detail

1. There are no steps in the framework that address when
orders should be reviewed with the CMO. Review of the

supply plan and firm orders is a part of the Monthly Joint
Review, as defined in the Site Supply Planner and CMO

Planner Activities, after Day 28 in Appendix D.
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1. The current process (Site Supply Planner and CMO Planner
Activities, after Day 28) governs this activity and the
frequency. The framework could not have changed the
Results outcome of this event.

Adjusted Days L ate Rationale: Days will not be adjusted as
the framework would not have prevented this miss from
happening.

Estimated Adjusted

Days Late No Adjustment

4.3.4.3 Product 2 Framework Implementation Results

For Product 2, the framework steps identified that would have reduced the risk of
manufacturing not being able to be started due to component availability are Monitoring
and Trending of the KRI — Schedule Achievement, Monitoring Inventory (including
safety stock) and Segmentation Inventory Calculation. Monitoring inventory monthly
would give the site supply planners an indication of any potential inventory shortages
based on upcoming demand and inventory on hand. Weekly monitoring of Schedule
Achievement would have alerted the site supply planner that the batches scheduled to
start manufacturing did not start manufacturing in the scheduled week (if the shortage
was not identified during the monthly inventory monitoring). Additionally, having safety
stock on hand based on the segmented inventory calculation would have allowed
manufacturing to commence by using inventory from safety stock.

The estimated adjusted days late is based off the original (actual) days late, and the
estimated framework response time to the original condition. There are 2 misses due to
Component Availability that would have been able to be delivered closer to or on the

requested ship date if the framework was in place. The orders late due to Planning misses
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would still be late due as the framework does not address the root causes for the misses.
Planning process as defined in Scenarios 4 and 5 are in place that should mitigate the
misses that occurred. It cannot be determined at this time why these processes did not
prevent the misses from occurring.

Table 4.1: Product 2 — Days Late and Estimated Adjusted Days Late

Actual Days | Estimated Adjusted
Product Miss Category Late Days Late

2 Component Availability 18 10
2 Component Availability 3 3
2 Component Availability 42 0
2 Planning 24 24
2 Planning 19 19

Average Days Late 21.2 11.2

4.3.5 Case Study 2: Plant D — Product 3

Product 3 is an oral suspension manufactured at Plant D a CMO of Company A, see
Figure 4-13: Supply Chain Map — Product 3. Company A is the API supplier for Plant D,
where the bulk suspension manufacturing process is performed. Manufacturing at this
step includes formulation of the oral suspension, and packaging into bottles (primary
packaging). The primary packaged bottles are then shipped from Plant D for secondary
labeling and final packaging at Company A and CMO A, followed by distribution to the

end market.
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Supply Chain Map - Product 3
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Figure 4.13: Supply Chain Map- Product 3

The demand for Product 3 is less than 200 batches a year (actual demand for product
cannot be shared). At Company A the site supply planner is responsible for placing
orders for the bulk bottles at Plant D via SAP. Orders are placed 90 days before the
requested ship due date. The site supply planner is not responsible for procuring the API,
the end to end product planner is responsible for ordering API from Company A to Plant
D. The API lead time is greater than 90 days, so the API orders are placed based on the
planning forecast and inventory on hand. The bulk manufacturing lead time (process start
to quality release at the CMO) is 4 weeks. Before the product can be shipped Company A
needs to quality release the material and that lead time is 1 week. It is to be noted that
these lead times do not consider any process deviations or the required time to close out
investigations.

The current API safety stock levels for Product 3 are dynamic safety stock levels that
are system generated based on upcoming demand over a specified time horizon. The
safety stock levels are adjust based on demand, and consumption of material at the supply
node. It is to be noted that the system does not automatically generate orders to replenish

safety stock inventory to specified safety stock level. Planners must manually create the
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orders to replenish inventory. The API framework safety stock indicator for Product 3 is
red, as the current safety stock level is less than the framework calculated safety stock.

There are currently no established safety stock levels for non-API raw materials
required for manufacturing or bottle components required for primary packaging of
Product 3 at Plant D. The framework safety stock indicator for other materials required
for Product 3 is red, as the current safety stock level is less than the framework calculated
safety stock.

4.3.5.1 Product 3 Delivery Performance

Between April 2018 and January 2019 Product 3 had nine orders ship late and were
on average 13.6 days late. The associated miss categories were due to eight Component
Availability issues and one Planning event, see Figure 4-14 and Figure 4-15: Product 3
Delivery Miss Category and Product 3 Delivery Miss Code Standard 2. The eight
Component Availability misses were due to the following, raw materials/components not
being available to start manufacturing due to an investigation (4), open change control (3
and a late API delivery due to a delay at the upstream supplier — CMO supplier delay (1).

The Planning miss was due to SAP master data set up.
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Figure 4.14: Product 3 Delivery Misses Category
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Figure 4.15: Product 3 Delivery Miss Code Standard 2.
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4.3.5.2 Product 3 Framework Implementation

There were 5 scenarios reviewed for Product 3, one Planning and four Component

Availability. Framework mitigation steps were identified for each scenario based on the

miss category and miss category detail.

1. Scenario 1: Planning - 18 days late

Miss Category

Planning

SAP master data change was required in order to ship material.

Mitigation Step(s)

Detail Master data change process took longer than expected.
Days Late 18
Framework

1. Review and Validate Master Data Fields at supply nodes.

Framework
Mitigation Detail

1. Review of master data fields (annually or after a supply
disruption event) to determine if the data in SAP is aligned with
actual process parameters. The site supply planner would
validate system parameters against current process and make any
necessary changes.

Result

1. It cannot be determined from the data available that an annual
review of master data parameters would have mitigated the delay
of the material shipment in this case. It was not documented
when the master data field change was requested and based on
an annual review it cannot be determined if the review frequency
would have reduced the delay.

Adjusted Days Late Rationale: Days will not be adjusted as
the framework would not have prevented this miss from
happening.

Estimated Adjusted
Days Late

No Adjustment

2. Scenario 2: Component Availability — 13 days late

Miss Category

Component Availability

Detail

Late API delivery due to delay at upstream supplier.

Days Late

13
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Framework
Mitigation Step(s)

1. Monitor and Trend KRI's

2. Monitor inventory (including Safety Stock) at each node and
shelf life limits.

3. Segmentation Inventory Calculation

Framework
Mitigation Detail

1. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since API
required was not on-hand at the CMO.

2. Monthly review of inventory at CMO would have indicated
potential inventory shortage of API for upcoming
manufacturing. (Inventory on hand versus inventory required
for manufacturing).

3. Safety Stock Levels of API would have been able to cover
the demand of 1 manufacturing batch during this time period.

Result

1. Monthly monitoring inventory on hand vs planned
manufacturing and schedule achievement would have alerted
the site supply planner that the manufacturing of the order
would not commence as planned due to API shortage. At this
point an evaluation of safety stock levels of API would be
performed and leveraged to minimize impact of the delay of
incoming API. Manufacturing of the order would have started
on time by using API safety stock.

2.The late incoming inventory would replenish the safety stock
inventory that was used to manufacture the batch.

Adjusted Days Late Rationale: This order was originally 13
days late, with weekly review of the schedule achievement, the
supply planner would have realized batch was not started within
the week of the planned start (7 days), and initiated permission
for use of safety stock on hand. Manufacturing could of have
been rescheduled and started within 3 days. Adjusted Days late
10.

Estimated Adjusted
Days Late

10

3. Scenario 3: Component Availability — 3 orders: (1) - 10 and (2) - 5 days late

Miss Category

Component Availability

A required raw material could not be used in manufacturing due
to an open change control. Per standard operating procedures,

Detail material affected by change controls cannot be released for
production use until the change control is approved.
3 orders: 10 & 5 days late(There were 2 events with at 5 days
Days Late

late)
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Framework
Mitigation Step(s)

1. Monitor and Trend KRI's
2. Segmentation Inventory Calculation

Framework
Mitigation Detail

1. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since required
raw material was not released for use in production.

2. Safety Stock level for the raw material would be established
based on demand and lead time. This quantity would be able to
cover manufacturing batches to satisfy order requirements.

Results

1. Monitoring schedule achievement would have alerted the site
supply planner that the manufacturing of the order did not
commence as planned. At this point an evaluation of safety
stock levels of the raw material would be performed and
leveraged to minimize impact of the delayed release of the raw
material. Safety Stock of raw material could be used to
manufacture scheduled batches.

2. The inventory pending release would replenish the safety
stock inventory that was used to manufacture the batch.
Adjusted Days Late Rationale: For orders that were 5 days
late, it can be assumed weekly monitoring of schedule
achievement would not have enabled the batches to start any
sooner, as the number of days late was less than the Schedule
Achievement monitoring period of 7 days.

For the order that was 10 days late, while weekly monitoring of
schedule achievement would have alerted the supply planner the
batch was not started within 7 days of the planned start, and
permission for use of safety stock on hand would have been
initiated. The manufacturing coordination and rescheduling lead
time of 3 days would still result in a delay of 10 days.

Estimated Adjusted
Days Late

No Adjustment

4. Scenario 4. Component Availability — 3 orders: 2, 3, and 4 days late

Miss Category Component Availability
. Required component (bottle) could not be used in manufacturing

Detail ) A

due to an open investigation.
Days Late 3 orders: 2, 3, and 4 days late
F”%mew.ork 1. Monitor and Trend KRI's
Mitigation . .

2. Segmentation Inventory Calculation

Step(s)
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Framework
Mitigation
Detail

1. KRI - Schedule Achievement would be affected, as batches that
were supposed to start would not have started. Site planner would
have been alerted that batch has not started since required
component was not released for use in production.

2. Safety Stock level for required component would be established
based on demand and lead time. This quantity would be able to
cover manufacturing of the batches to satisfy order requirements.

Results

1. Monitoring schedule achievement would have alerted the site
supply planner that the manufacturing of the order did not
commence as planned. At this point an evaluation of safety stock
levels of API would be performed and leveraged to minimize
impact of the delayed release of API. Safety Stock of API could be
used to manufactured scheduled batch.

2. The inventory pending release would replenish the safety stock
inventory that was used to manufacture the batch.

Adjusted Days L ate Rationale: These orders were 2, 3, and 4 days
late. It can be assumed weekly monitoring of schedule achievement
would not have enabled the batches to start any sooner, as the
number of days late was less than the Schedule Achievement
monitoring period of 7 days.

Estimated
Adjusted Days
Late

No Adjustment

5. Scenario 5: Component Availability — 62 days late

Miss Category

Component Availability

Required component (bottle cap) could not be used in

Detail manufacturing due to an open investigation.
Days Late 62
Framework 1. Monitor and Trend KRI's

Mitigation Step(s) | 2. Segmentation Inventory Calculation
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Framework
Mitigation Detail

1. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since
required component was not released for use in production.

2. Safety Stock level for required component would be
established based on demand and lead time. This quantity
would be able to cover manufacturing of 1 batch to satisfy order
requirements.

Results

1. Monitoring schedule achievement would have alerted the site
supply planner that the manufacturing of the order did not
commence as planned. At this point an evaluation of safety
stock levels of required component would be performed, and
safety stock inventory would be leveraged to minimize impact
of the delayed release of the component.

2. The inventory pending release would replenish the safety
stock inventory that was used to manufacture the batch.
Adjusted Days L ate Rationale: This order was originally 62
days late, with weekly review of the schedule achievement, the
supply planner would have realized batch was not started within
the week of the planned start (7 days), and initiated permission
for use of safety stock on hand. Manufacturing could of have
been rescheduled and started within 3 days. Adjusted Days late
10.

Estimated Adjusted
Days Late

10

4.3.5.3 Product 3 Framework Implementation Results

For Product 3, the framework steps identified that would have reduced the risk of

manufacturing not being able to be started due to component availability are Monitoring

and Trending of the KRI — Schedule Achievement, Monitoring Inventory (including

safety stock), Review & Validate Master Data Fields and Segmentation Inventory

Calculation. Weekly monitoring of Schedule Achievement would have alerted the site

supply planner that the batches scheduled to start manufacturing did not start

manufacturing in the scheduled week. Monitoring inventory monthly would give the site

supply planners an indication of any potential inventory shortages, based on upcoming
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demand and inventory on hand. Additionally, having safety stock on hand based on the
segmented inventory calculation would have allowed manufacturing to commence by
using inventory from safety stock.

The estimated adjusted days late is based off the original (actual) days late, and the
estimated framework response time to the original condition. The order late due to a
Planning miss would still be late due as it could not be determined from the data available
that the framework would have enabled the order to ship closer to the target delivery date.
There are 2 misses due to Component Availability that would have been able to be

delivered closer to the requested ship date if the framework was in place.

Table 4.2: Product 3 — Days Late and Estimated Adjusted Days Late

Actual Esti_mated

. Days Late Adjusted

Product Miss Category Days Late
3 Planning 18 18
3 Component Availability 13 10
3 Component Availability 5 5
3 Component Availability 5 5
3 Component Availability 10 10
3 Component Availability 2 2
3 Component Availability 4 4
3 Component Availability 3 3
3 Component Availability 62 10
Average Days Late 13.6 7.4

4.3.6 Case Study 3 Plant B — Product 4P

Product 4P is a tablet packaged at Plant B a CMO of Company A, see Figure 4-16:

Supply Chain Map — Product 4. Plant B receives bulk tablets to final package from Plant

D (CMO). Final packaged product is then shipped to the end market for distribution.
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Supply Chain Map — Product4 & 4P
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) EU
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Figure 4-16: Supply Chain Map- Product 4P
The demand for Product 4P is less than 20 batches a year (actual demand for product
cannot be shared). At Company A the site supply planner is responsible for placing

orders for the final package presentation per market at Plant B based on the market

demand forecast. Orders are placed at Plant B 90 days before the requested ship due date.

Supply of bulk tablet material to be packaged at Plant B is managed by the supply
planner at Plant D. The upstream supply node planner from Plant D informs the site
planner at Plant B of bulk tablet availability.

The CMO planner at Plant B is responsible for ordering of packaging components
(cartons, labels, etc.). Per current business processes components are ordered 90 days
before scheduled manufacturing. The packaging lead time (packaging start to quality
release at the CMO) is 30 days. Before the product can be shipped Company A needs to
quality release the material and that lead time is 5 days. It is to be noted that these lead
times do not consider any process deviations or the required time to close out

investigations.
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There is no safety stock inventory currently maintained for components or bulk
material required to package Product 4P. The framework safety stock indicator for
Product 4P is red, as the current safety stock level is less than the framework calculated
safety stock.

4.3.6.1 Product 4P Delivery Performance

Between April 2018 and January 2019 Product 4P had five orders ship late and were
on average 19 days late. The associated miss categories were due to two Component
Availability issues and three Planning events, see Figure 4-17 and Figure 4-18: Product
4P Delivery Miss Category and Product 4P Delivery Miss Code Standard 2. The two
Component Availability misses were both due to delayed delivery of components from
supplier. The three Planning misses were due to Order Due Date Misalignment (2) and

Batch Release (1).

Pareto Chart of Miss Category by Product
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Figure 4-17: Product 4P Delivery Misses Category
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Pareto Chart of Miss Code Standard 2 by Product
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Figure 4-18: Product 4P Delivery Miss Code Standard 2

4.3.6.2 Product 4P Framework Implementation
There were 3 scenarios reviewed for Product 4P, three Planning and two Component
Availability. Framework mitigation steps were identified for each scenario based on the
miss category and miss category detail.

1. Scenario 1: Planning — 2 orders 10 and 15 days late

Miss Category Planning

Human error event occurred at order fulfillment center, and
incorrect batch was sent back for rework. There was no

Detail communication to the site planner from the CMO to adjust due
date based on the update delivery timelines.
Days Late 2 orders: 10 and 15 days late
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Framework
Mitigation Step(s)

None exist

Framework
Mitigation Detail

1. There are no steps in the framework that address when order
due dates should be reviewed with the CMO. Review of the
supply plan and firm orders are a part of the Monthly Joint
Review, as defined in the Site Supply Planner and CMO
Planner Activities, after Day 28 in Appendix D.

Results

1. The current process (Site Supply Planner and CMO Planner
Activities, after Day 28) governs this activity and the
frequency. The framework could not have changed the
outcome of this human error event.

Adjusted Days L ate Rationale: Days will not be adjusted as
the framework would not have prevented this miss from
happening.

Estimated Adjusted

Days Late No Adjustment
2. Scenario 2: Planning — 31 days late
Miss Category Planning

Human error occurred when order was created, as it was

Detail created as a duplicate batch number. The error was not found
until the packaging quality attempted to release the batch.
Days Late 31
Framework .
None exist

Mitigation Step(s)

Framework
Mitigation Detail

1. There are no steps in the framework that address the review
of assigned batches in SAP when orders are created. There are
also no business processes in place that govern this activity.
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Result

1. There are no processes in place to review order details for
accuracy when the batch numbers are assigned. This event has
the potential to occur again at Company A, and business
processes should be evaluated for gaps in their ability to detect
human error mistakes during order creation.

Adjusted Days Late Rationale: Days will not be adjusted as
the framework would not have prevented this miss from
happening.

Estimated Adjusted
Days Late

No Adjustment

3. Scenario 3: Component Availability - 2 Orders 18 and 22 days late

Miss Category

Component Availability

Packaging was delayed due to delay in components from

Detail CMQO's upstream supplier.
Days Late 2 orders: 18 and 22 days late
1. Monitor and Trend KRI's
Framework 2. Monitor inventory (including Safety Stock) at each node and

Mitigation Step(s)

shelf life limits.
3. Segmentation Inventory Calculation

Framework
Mitigation Detail

1. Monthly review of inventory at CMO would have indicated
potential inventory shortage components for upcoming
manufacturing. (Inventory on hand versus inventory required
for manufacturing).

2. KRI - Schedule Achievement would be affected, as batches
that were supposed to start would not have started. Site planner
would have been alerted that batch has not started since
components required were not on-hand at the CMO (if the
monthly review of inventory did not trigger a response). This is
unlikely as the monthly review would identify upcoming
inventory shortages.

3. Safety Stock Levels of components would have been able to
cover the demand of the 2 manufacturing batches.
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Results

1. Monthly monitoring inventory on hand vs planned
manufacturing and schedule achievement would have alerted
the site supply planner that the manufacturing of the orders
would not commence as planned due to the components
available. Monthly monitoring of inventory on hand would
trigger an evaluation of the safety stock levels of the
components if there are shortages based on inventory on hand
versus upcoming manufacturing. Safety stock inventory would
be leveraged to minimize the impact of the delay of incoming
components. Manufacturing of the order would have started on
time by using the safety stock inventory.

2. The late incoming inventory would replenish the safety stock
inventory that was used to manufacture the batch.

Adjusted Days L ate Rationale: These orders were originally
18 and 22 days late, the late incoming components from the
upstream supplier would be identified during the monthly
review of inventory on hand prior to the scheduled start of the
orders. The planner would have been have alerted of the
inventory shortage prior to the scheduled manufacturing.
Safety stock would be leveraged in order to ensure component
supply was available to start the manufacturing orders on time
and to ship the order by the requested ship date.

Estimated Adjusted
Days Late

0

4.3.6.3 Product 4P Framework Implementation Results

For Product 4P, the framework steps identified that would have reduced the risk of

manufacturing not being able to be started due to Component Availability are Monitoring

and Trending of the KRI — Schedule Achievement, Monitoring Inventory (including

safety stock) and Segmentation Inventory Calculation. Monitoring inventory monthly

would give the site supply planners an indication of how any potential inventory

shortages based on upcoming demand and inventory on hand. Weekly monitoring of

Schedule Achievement would have alerted the site supply planner that the batches

scheduled to start manufacturing did not start manufacturing in the scheduled week (if the

shortage was not identified during the monthly inventory monitoring). Additionally,
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having safety stock on hand based on the segmented inventory calculation would have
allowed manufacturing to commence on time by using inventory from safety stock.

The estimated adjusted days late is based off the original (actual) days late, and the
estimated framework response time to the original condition. There are 2 misses due to
Component Availability that would have been able to be delivered closer to or on the
requested ship date if the framework was in place. The orders late due to Planning misses
would still be late due as the framework does not address the root causes for the misses.
There is currently no identified planning process at Company A that would mitigate the
planning event that led to the delivery miss. As this event has the potential to happen
again, it will be recommended that business process be evaluated for gaps in their ability
to detect human errors as defined in Scenario 2. Planning process as defined in Scenario 1
are in place that would mitigate the misses due to planning identified for Product 4P. It
cannot be determined at this time why these processes did not prevent the misses from
occurring.

Table 4.3: Product 4P — Days Late and Estimated Adjusted Days Late

Estimated
Actual Days Adjusted
. Late
Product Miss Category Days Late
Component
4p Availability 18 0
4p Planning 10 10
4p Planning 15 15
Component
4p Availability 22 0
4p Planning 31 31
Average Days Late 19.2 11.2
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4.3.7 Hypothesis Testing - H2
H2: Implementation of a supply chain management framework will increase on-time
delivery performance to customers.

To determine if the implementation of the supply chain management framework
increases on-time delivery of performance to customers (reduction in number of days
orders are late), a Mann-Whitney Test will be performed on the Actual Days Late against
the Estimated Adjusted Delivery Date. The Mann-Whitney test is a non-parametric test
used to compare two groups that are exposed to different conditions or treatments when
the data is not assumed to be normally distributed (Frey 2018). The data set that is used
can be found in Appendix N - Actual Days Late versus Estimated Adjusted Days Late.
The data set used was only from the 19 data points evaluated in the scenarios from the
case studies. The actual days late are the number of the days late the orders were from the
original data set extracted from SAP. The estimated adjusted days late are the number of
days late the orders were estimated to be after applying the framework to the selected
case study scenarios.

H2: Implementation of a supply chain management framework will increase on-time

delivery performance to customers.

Null Hypothesis (Ho): Median between groups days late (n1) and adjusted days late (n2)
are equal, (n1 = n2). There is no difference in the number of days late when the
framework is applied.

Alternative Hypothesis (Ha): The median of n1 > n2. There is evidence to suggest that

there is a difference in the number of days late when the framework is applied.
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Results: Based on the Mann-Whitney test, the p-value is 0.0387, less than 0.05.
Therefore, the null hypothesis is rejected. There is enough evidence to suggest that when
the framework is applied there is a difference between the group medians. The 95.3%
Confidence Interval indicated the median of Actual days late is greater that the Adjusted

days late. See Figure 4-19: Mann-Whitney Test Results.

Mann-Whitney Test and Cl: Actual Days Late, Estimated Adjusted Days Late

N Median
Actual Days Early/Late 19 15.00
Estimated Adjusted Days Late 19 10.00

Point estimate for nl - n2 is 5.00

95.3 Percent CI for nl - n2 is (0.00,13.01)

W = 431.5

Test of n1 = n2 vs nl > n2 is significant at 0.0387
The test is significant at 0.0379 (adjusted for ties)

Figure 4-19: Mann-Whitney Test Results

The framework primarily affected events where component availability was the miss
reason category when there are extreme outliers. Late supply events due to planning
could not be resolved with the framework however it was identified that the current
supply planning processes in place are not being followed by all supply planners, as there
were preventable events that occurred.

Chapter 5 will summarize the praxis, present conclusions and how the developed
framework contributes to the industry and recommendations future research

opportunities.
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Chapter 5—Discussion and Conclusions
5.1 Discussion

Internal and external nodes throughout a single end to end supply chain enhances
complexity to the management of those supply chains. While outsourcing to CMO’s adds
benefits like increasing speed to market, reducing capital investments, and the ability to
leverage external technology, there is also a considerable amount of risk that is
introduced to the supply chain. The lack of integrated supply chain systems between
companies, misalignment of supply chain management process, and lack of control of the
CMO’s supply chains can contribute to supply disruptions and lead to drug shortages if
disruptions continually occur over time.

Reducing supply disruptions of medically significant/important products was the
focus of this research due to the impact on public health if the medicines experience
supply shortages. The medically significant/important drugs used for this research have
end to end supply chains with supply chain nodes internal and external to Company A.
Creating standardized processes and an operating tool for management of these supply
chains to reduce the risk of supply disruptions was the overall goal of this research.

The scope of this research was to evaluate the supply chain performance (delivery
days from target) for select medically significant/important products, and to develop a
performance response framework that mitigated the risk of supply disruptions by
implementing measures to counteract CMO issues that are beyond control of the branded
pharmaceutical company. Research limitations encountered were not being able to collect
supply chain performance data post implementation of the framework, and therefore case

studies were carried out to demonstrate effectiveness of the framework.
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The Six Sigma methodology DMAIC was used as a tool in this praxis to:
e Define the problem statement, scope and objectives.
e Measure the current state of the process — delivery performance (delivery days
from target).
e Analyze the data collected to arrive at the true root causes of the delivery misses.
e Improve the KPOV — reduce the number of days late to the downstream supply
node by implementation of the Performance Response Framework.

e Control the implemented process by sustaining performance.

As mentioned in Chapter 3, the control phase was not fully realized due to time
constrains. However, case studies were performed to demonstrate effectiveness of the
framework. The Performance Response Framework coupled with existing business
process are tools that standardize how site supply planners from Company A manage the
supply chains of their respective products. The existence of standardized work tools
nurtures an environment for control and continuous improvement.

5.2 Conclusions

Through measuring and analyzing delivery performance data of the selected
medically significant/important products, process mapping the supply planning process
and identifying gaps, and developing a framework that responds to supply chain
conditions to reduce the risk of a supply disruption; the research objectives were met. As
mentioned in Chapter 1, the main objectives of this research were to:

e Understand the root causes of the delivery delays within the supply chains of

medically significant/important products.
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Analyze the supply chain and supply chain management of medically
significant/important products, specifically when the supply chain is between a
pharmaceutical company and CMO’s.

Implement a performance-based response model that will serve as the standard
framework for how to manage the supply chains of low volume medically
significant/important products from the perspective of the supply chain planner at
the pharmaceutical company.

Identify leading indicators for supply chain nodes that may be predicative of a

potential supply shortage.

5.2.1 Research Question 1

Pareto charts and cause-and-effect diagrams with a 5-Why Analysis were used to

determine to the root cause of the delivery misses at supply chain nodes of the selected

products. Pareto charts were used to stratify data to determine miss reason categories,

while the cause-and-effect diagram with a 5-Why Analysis was used to determine the

true root causes of the delivery misses.

The 5-Why Analysis determined the following;

The root cause determination specifically related to Component/API Delays was
limited as issues were caused upstream to the Company A, and either occurred at
the CMO and/or their supplier. Limited information was shared with Company A,
and true root cause could not be identified.

The other causes could be investigated more, as they were related to events that
were shared with Company A (change controls, investigations), or occurred at

Company A (planning issues, investigations).
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The root cause identified for delivery days between supply chain nodes were, component
availability, planning process misalignment, human error, lead time variation to close
change controls and investigations, component quality, equipment downtime, and lack of
defined processes.

5.2.2 Research Question 2

Process mapping, SIPOC analysis, supply chain maps, and Pareto analysis were tools
used to determine what could be modified in the supply chain of medically
significant/important supply chain to increase supply chain reliability. The SIPOC
analysis in Appendix B was a foundational tool to understand the relationships
throughout the supply chain. It visually presented the interconnectivity of the process, as
it relates to its inputs and suppliers, its outputs and its customers. A detailed process map
of the Supply Chain Process, the key activities of the Supply Planners and CMO Planners
in Appendix D, and the product specific supply chain maps provided linkages for how the
supply chain is managed end to end. This provided a presentation of the manufacturing
process of the subject nodes, the supply chain picture upstream and downstream of the
nodes, the key process activities critical to managing the supply chain, and who was
responsible for the activities. The supply chain management gaps identified were lack of
supply chain visibility and interconnectivity, lack of processes to govern key SAP master
data fields and inventory monitoring, no defined inventory strategy for managing safety
stock levels, and no process to monitor and track Key Risk Indicators (KRI’s).

The gaps identified are critical steps for medically significant/important products
since they are low volume products, and the late identification of problems and slow

response to supply chain events can have a negative impact on delivery performance.
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Early risk identification, mitigation and response, are key enablers for complex supply
chains with internal and external nodes. The ability to predict performance based on
historical performance and build in process mitigation measures hedge the risk against
disruptive supply events affecting supply chain performance.

5.2.3 Research Question 3

Based on the research, process mapping and case studies, there are limited mitigating
measures in place to ensure there are no supply disruptions. From the data collected for
the praxis, supply disruptions related to materials or components being available for
manufacturing was a key degrader to delivery performance. However, based on the
current supply chain processes there were no measures in place to mitigate the risk of a
disruption if these events occurred. For example, safety stock levels were either too low,
or not available, and could not be leveraged when materials or components were not
available. In some cases, the site planner was not aware that the orders would miss the
target requested ship date until the orders were already late. The planned communications
between the site planners and CMO planners were also inconsistent, and there was no
standard process to follow to ensure the applicable data, and metrics were being tracked

to drive decision making.

5.2.4 Hypothesis Results

The hypotheses in this research determined when miss category’s planning,
component availability and none occur, there is a statistical difference in the number of
days early/late. And that when miss category none occurs the number of days early/late is
significantly different than when the planning or components availability miss category

occur.
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It was also determined when the Performance Response Framework is implemented, the

number of days late is significantly less than when there is no framework in place.

5.3 Contributions to Body of Knowledge

A Performance Response Framework to manage supply chain performance of
medically significant/important products is new to supply chain management and
specifically to pharmaceutical supply chain management. The limited pharmaceutical
supply chains studies and optimization models that exists are developed with high
volume-high value products in mind, and the medically significant/important products in
this research are low volume - high value. These optimization models and supply chain
design principles consider low inventory levels as basis for their models as it reduces
cost. Since medically significant/important products are medically necessary to treat (or
prevent) a serious disease or medical condition, where there is no alternative source of
supply, cost of inventory should not be a part of the supply chain design or optimization,
as the cost of human life is more important. Other strategies presented in existing
research, postponement, information sharing, and transparency are challenges for the
products in scope due to long lead times, and the lack of integration (systems and
process) across the internal and external supply chain nodes.

This framework is an iterative model that looks at supply chain performance in order
to determine actions to be taken to attain the best delivery performance possible. The
iterative nature of this model easily allows for continuous improvement as the supply
chain matures internally, and externally. New leading indicators can also be established

to ensure better monitoring of the health of the supply chain, as the supply chain matures
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and can easily be integrated into the framework. Instead of applying general supply chain
design principles to your supply chain this framework allows you to operate based on
past and current performance of your supply chain. When supply disruptions occur, there
are triggers that direct you to respond in order to reduce the likelihood of another supply
disruption, and to review and adjust if necessary the operating parameters of your supply
chain. This framework provides structure and direction for continuous monitoring of
metrics, and response actions that did not exist before.

5.4 Recommendations for Future Research

Supply chains of all pharmaceutical products can benefit from a performance
response framework. Use of a similar framework can be applied to other low volume
non-medically significant/important products, as well high-volume products to monitor
and improve delivery performance.

Due to the lack of literature and research that explore the integration of supply chains
between customers and their CMQ’s, a supply chain integration framework would be of
value to the industry as more companies are leveraging CMO’s to manufacture products
on their behalf. In these cases, development of a framework for supply chain integration
across internal and external partners for companies that do not share the same supply
chain processes, or supply chain platforms that enable them to have supply chain
visibility across their network would be beneficial.

This praxis also highlighted that even though planning processes are defined, there
are still supply disruption events that are caused by planning. A potential opportunity for
future research is to understand why these events still occur, and what measures can be

put in place to reduce the supply disruptions. It can also be investigated if there are any
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system integrations with SAP that would be able to detect, and notify the planner if
critical steps are missed, or don’t meet the expected criteria.

A supply chain integration framework can also be coupled with a performance
response framework that leverages historical supply chain performance, identifies gaps in
processes and systems, in order to improve supply chain performance, as well as
visibility across internal and external supply nodes.

Given the importance of delivery performance in the pharmaceutical industry, and the
limited research and data that exist, there are many opportunities for future research and

contributions to pharmaceutical supply chain management.
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Appendix A — Example SCOR Metrics (APICS, 2016)

Level 1 Metrics:
Perfect Order Fulfillment = ( [Total Perfect Orders] / [Total Number of Orders] )* 100

Level 2 Metrics:
% of Orders Delivered in Full = ( [Total number of orders delivered in full] / [Total

number of orders delivered] )* 100

Delivery Performance to Customer Commit Date = ([Total number of order delivered on

the original commitment date] / [Total number of orders delivered]) * 100

Level 3 Metrics:
Schedule Achievement = Number of orders started for the week/Number of orders

scheduled to start
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Appendix B — Bulk Manufacturing and Packaging Process Map and SIPOC

Bulk Manufacturing and Packaging Process Map
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Company A/ CMO Packaging SIPOC

Suppliers Input Process Output Customer
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Appendix C — SAP Data Fields

Definitions of master data fields are referenced from the SAP Library - Glossary (n.d.).

Master Data Field

Definition

Goods Issue
Processing Time

The time between the withdrawal of a product from warehouse
stock on hand and its transportation

Goods Receipt
Processing Time

The time between the delivery or production of a product and
its availability as stock on hand

Time span between the start date of the first activity in an order

Lead Time and the finish date of the last activity in that order.
Time in days that is required to deliver goods from your
Loading Time premises to the customer location
Max Order Qty Maximum lot size that can be ordered when placing an order.
Min Order Qty Minimum lot size that can be ordered when placing an order.
Safety Stock The quantity that is to satisfy an unexpectedly high requirement
Quantity in the coverage period
The period for which the product will keep in total, that is, from
Shelf Life the date of production to the expiration date
Time in days that is required to deliver goods from your
Transit Time premises to the customer location

System Calculated
Data Field

Definition

Requested Ship Date

Requested Delivery Date - Transit Time

Statistical Delivery
Date

Order Delivery Date - Route Time

Route Time

Transit Time + Loading Time

Actual Ship Date

The date is will be date that the goods issue transaction is
performed. Per standard procedure this transaction must be
performed on the day the material is shipped.
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Transactional Data
Field

Definition

Order Delivery Date

Due date of the order to downstream customer. This order date
is entered by the planner when the order is created.

Goods Issue

This transaction is performed on the day that the material is
shipped by the site supply planner.
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Appendix D — Supply Planning Process

Current State Supply Chain Planning Process Map

Monthly Process Responsible Detail
Global Demand Release .
Location: SAP - APO Global Demand Global demand‘(forecast) of product is entered
Timing: Day 1 Planner into SAP- APO.
Y
Reglona.l Demand Review Regional demand is reviewed based on
Regional Demand Regional Demand requirement of end markets, and market
Submlsswn Planner intelligence. Adjustments can be made until
Location: SAP - APO Day 7.
Timing: Day 2-7
Reviews the unconstrained demand determined
by the forecast. This planner ensures:
* Demand is aligned for each market in
v respective region.
) * The demand plan is aligned with strategic
Regional Sypply Plan priorities for the product.
. Review Regional Supply * Ensure the monthly demand is directionally
Location: SAP - APO Planner correct, as compared to the last forecast.
Timing: Day 8-14 « Creates purchase orders for the supply of
material, at least 90 days before order is due
to ship
The output is the long term supply plan 3-24
month unconstrained supply plan.

Unconstrainted Demand Data Ready for Site Planner Day 21

A 4

Site Supply Plan Review ] Review the unconstrained demand for their
i SAP -APO Site Supply respective site (internal/external). Level loads
YA Timing: Day 21-28 Planner demand for sites, based on capacity.

Communicates supply plan to sites.

Hsee “Site Supply Planner and CMO Planner Activities, after Day 28 ” for detailed activities that occur within the
firm planning period and the long term planning period.
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Current State Site Planner and CMO Planner Activities, after

Day 28

Activities Supply Chain Communication
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Appendix E — Performance Response Framework
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Appendix F - FMEA - Performance Response Framework
The table results of the Failure Modes and Effects analysis are displayed below.
The scoring rating scale used for each category is as follows:
1. Severity: 1 —10; 1 indicates low severity, and 10 indicates the highest
severity.
2. Occurrence: 1-10; 1 indicates low likelihood of occurrence, 10 indicates
certainty of failure.
3. Detection: 1 -10; 1 indicates certainty that the potential failure will be found,

10 indicates the current controls in place will not detect the potential failure.

The Risk Process Number, RPN = Severity x Occurrence x Detection.
Failure modes with a severity of 9 or higher, and a RPN over 100 were prioritized to
identify actions to mitigate.

FMEA Output:

1. Process Step: Establishing KRIs
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problem, until there is a
delivery miss.

reported to reflect
favorable metrics.

orders placed, made,
and orders scheduled
to be shipped.
(Information provided
by supplier)

Potential Failure Potential Failure < Potential S Current Process R R Actions
Process Step Key Process Input E © E P
Mode Effects v Causes c Controls T N Recommended
What is the process| What are the Key Process |In what ways can Key |What is the impact on g % What causes the § % What are the existing ‘f S| % g What are the actions for
step? Inputs?  (KPIV's) Inputs go wrong? the Key Output 9 E [Keylnputtogo T 8 [controls that either el % S 8 |reducing the Occurrence
(Process fail to meet | Variables (customer K ‘% wrong? (How @ % prevent the failure g S| % & |ofthe cause, or
requirements) requirements) or internal -f 3 {could the failure g E, mode from occurring s g E\ ;-: improving Detection?
requirements? § £ |mode occur?) o £ |ordetectitshould it 32 |8 g Should have actions on
& 2= loccur? I § & high RPN's or Severity of
E H 8 2 90r10.
2 I
Establish Key Risk |1-Number of Orders Data not available.  |Data cannot be 1 |Metrics not 5 |None 1 5
Indicators (KRI) for |Scheduled, Number of monitored, and limited tracked by site.
supply chainnode. |Orders Made foresight to indicators. No systems in
Monitor & Trend 2- Not of orders released, place to track
KRI's Number of orders to be metric.
released
Data notaccurate  |Incorrect segmentation 6 |Human Error, 3 |Planner monitoring 2 36
of supply chain node, entering and orders placed, made,
safety stock calculation reporting data. and orders scheduled
not taking into account to be shipped.
node performance. (Information provided
by supplier)
No indication of a 9 |Incorrect data 1 |Planner monitoring 2 18 |Review of order status

weekly during joint
planner meetings. (ff
meetings currently not
occurring, implement
requirement across
different manufacturing
teams)

When Establishing KRI’s one of the failure modes identified with a high severity

score was that the data the metrics are derived from is not accurate and there would be no

indication of that until there was a delivery mess. There are currently process controls in

place and the planners should be monitoring orders weekly to ensure they can be shipped

on time, but processes are not consistently followed. A proposed action to is ensure

weekly monitoring of the orders are occurring with the CMO.

2. Process Step: Segment Node based on historical performance.
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Potential Failure |  Potential Failure S Potential 0 Current Process D R Actions
Process Step Key Process Input E © E P
Mode Effects v Causes c Controls T N Recommended
What s the process | What are the Key Process {Inwhat ways can Key|What is the impact on g % What causes the § % What are the existing g S|z g What are the actions for
step? Inputs?  (KPV's)  [Inputs gowrong?  {the Key Output E g Keyinputtogo | 8 & [controls that ether 3 ﬁ g 8 |reducing the Occurrence
(Process fail to meet | Variables (customer 0§ [wong? (How .@% prevent the failure % o % & |ofthe cause, or
requirements) requirements) or internal f 3 |could the faire 5; mode from occurring ‘5_2 2 ; improving Detection?
requirements? o E mode occur?) 2 9 |ordetectit should it g 2 ,?:3 T |Should have actions on
? 2= |ocewr 1§ |a® high RPN's or Severity of
p 2 21 oormo
: 5 ®le '
2 I
Segmentnodes  [Keyrisk indicator Datanotavailable. ~ [Notable to segment 1 [Metrics not 6 |Planner will segment 1 6
based on historical [performance metrics node based on tracked by site. nodes based on
performance historical decisions, no No systemsin lagging indicators,
against established baseline performance place to track orders shipped on
KRI. measure to manage metric. time vs total orders
supply chain reliahility planned to ship.
Datanotaccurate  [Incorrect segmentation 9 |Human Error, 6 |Frameworkisiterative,| 2 108  |terative nature of
of supply chain node, entering and and problems are framework will detect
safety stock calculation reporting data. visible sooner, planner sooner. Reducing
not taking into account can react during next occurrence
node performance. review cycle.

When segmenting supply nodes based on the historical performance a failure mode

with a high severity score, and RPN was that the KRI data is not accurate which would

lead to incorrect segmentation of the supply chain node and incorrect segmentation would

affect the safety stock calculation. Since the framework is an iterative process, data

inaccuracy would be detected sooner, weekly when KRI’s are refreshed, or when there is

a supply disruption event. No further action required.

3. Process Step: Review and validate standard lead times (master data) at supply

node & Monitor Actual Lead Times vs. Standard Lead Times.
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to document start and
end times for lead
times

between planner and
CMO to ensure critical
material available for
upcoming batches.

" . S o D R
Process Step Key Process Input | Potential Failure Mode IR (e E Potential Causes (o} IR FTECES E P Actions Recommended
Effects v c Controls T N
What is the process | What are the Key |In what ways can Key |What is the impact on E % What causes the Key i % What are the existing E % 2 E What are the actions
step? Process Inputs?  |Inputs go wrong? the Key Output e g Input to go wrong? ER controls that either S % E & |for reducing the
(KPIV's) (Process fail to meet  |Variables (customer g *g (How could the failure | 5 O |prevent the failure § © < § Occurrence of the
requirements) requirements) or % © |mode occur?) % mode from occurring 8 ° cause, or improving
internal Qo o or detect it should it 7} ; Detection?
requirements? g f occur? g § Should have actions
% é § .ch’ on high RPN's or
3 g 5 S Severity of 9 or 10.
8 = 2 »
3 : |
I
Review and validate  |Manufacturing Start  [Data not available. No indication of lead 1 Lead time data not 3 Information that the 1 3
standard lead time at |and End Times time performance, tracked. No system or data is not accurate
supply node. against standard lead processes in place to allows the supply chain
time record data. manager to implement
measures to track.
Awareness
Data not accurate Orders not placed in 9 Human Error, entering 3 Communication 7 189 [Confirmation of order
time to meet delivery and reporting data. between planner and status and review
dates CMO to discuss batch during standing weekly
Raw materials not delivery meeting with standard
ordered in time to agenda
meet production
9 No processes in place 7 Communication 2 126 |Communication
to document start and between planner and between planner and
end times for lead CMO to ensure critical CMO to review
times material available for manufacturing status
upcoming batches. weekly. Required
reporting of order
status during meeting
as part of standard
agenda.
. . S o D R
Process Step Key Process Input | Potential Failure Mode PU[B"E‘;:;:”UIE E Potential Causes Cc Currg:rl]::l)scess E P Actions Recommended
\2 C T N
What is the process | What are the Key [In what ways can Key [What is the impact on g ‘g.)‘ What causes the Key i % What are the existing E DY k% E What are the actions
step? Process Inputs?  |Inputs go wrong? the Key Output kel g Input to go wrong? T8 controls that either S ﬁ 5 & [for reducing the
(KPIV's) (Process fail to meet  |Variables (customer g g (How could the failure | 7 O |prevent the failure E © é é Occurrence of the
requirements) requirements) or % ©  |mode occur?) 2 mode from occurring 8 ° cause, or improving
internal @ g or detect it should it © ® Detection?
requirements? g % occur? g g Should have actions
g § -§ § on high RPN's or
z E; ‘;1 3 Severity of 9 or 10.
: 3 g |
T
Monitor Actual Lead  |Manufacturing Start  [Data not available. No indication of lead 1 Lead time data not 3 Information that the 1 3
Time versus Standard |and End Times time performance, tracked. No system or data is not accurate
Lead Time against standard lead processes in place to allows the supply chain
time record data. planner to implement
measures to track.
Awareness
Data not accurate Orders not placed in 8 Human Error, entering 3 Communication 7 168  [Confirmation of order
time to meet delivery and reporting data. between plannerand status and review
dates CMO to discuss batch during standing week
Raw materials not delivery meeting with standard
ordered in time to agenda
meet production
schedule
8 No processes in place 7 Communication 2 112 |Communication

between planner and
CMO to review
manufacturing status
weekly. Required
reporting of order
status during meeting
as part of standard

agenda.

When performing these process steps a failure mode with a high severity score, and

RPN was data being used to calculate lead times is not accurate. To improve data

accuracy, or to detect incorrect data sooner a joint meeting where the CMO and planner

are reviewing the input data as a part of weekly standing agenda was proposed. If was
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data erroneously previously reported by an individual it would be identified during the

meeting if it was grossly inaccurate.

4. Process Steps: Review manufacturing batch size, Process map end to end

planning, monitor inventory at node and shelf life limits.

node and shelf life
limits

Managed Data

performed on time, or
inaccurate in SAP
(Goods Issues, Good
Receipts, Discards)

reporting and review

S [0} D R
Process Step Key Process Input | Potential Failure Mode Po(enEuﬁaelcl::llure \E/ Potential Causes g Curré::;ﬁ;f:es $ : Actions Recommended
What is the process | What are the Key |In what ways can Key [What is the impact on g % What causes the Key '3 % What are the existing E DY 3 g \What are the actions
step? Process Inputs?  |Inputs go wrong? the Key Output e g Input to go wrong? R controls that either ) § E & [for reducing the
(KPN's) (Process fail to meet  |Variables (customer ;6, g (How could the failure | 7 O |prevent the failure § © g § Occurrence of the
requil requit 1ts) or % © |mode occur?) 2 mode from occurring 3 ° cause, or improving
internal Q2 S or detect it should it o prg Detection?
requirements? 8 2 occur? 2 = Should have actions
g g g 8 on high RPN's or
2 g 2 o [severityof9or 0.
<] = z K}
T 2 ] x
8 I
Review manufacturing |SAP Material Master ~ [Data not accurate Placing orders that do 1 Not aware of 2 Master data review 1 2
batch size and Data not align with the manufacturing process,
standard order qty. standard order and lack of information
quantity can cause sharing
inefficiencies for the
manufacturer
1 2 Feedback from 2 4
manufacturing
Process Mapendto  |N/A
end planning process.
Monitor Inventory at  |SAP - Warehouse Transactional datanot  |Supply shortage 8 Human Error 4 Weekly inventory 1 32 |Weekly inventory

reporting and review
currently a planner
practice. Not standard
across all products
depending on
frequency of

manufacturing.

No actions required for these process steps.
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Appendix G - Delivery Misses April 2018 — January 2019

Raw cleansed data of SAP and business reporting tool for selected products from April

2018 — January 2019. Plant and Product name omitted due to confidentiality. Product

type indicates if the product is finished bulk, or final packaged material.

Pl Prod Product [Requested| Actual Ship Days HitMi Miss Code Standard| Miss Code Standard Miss Code

ant roduct Type Ship Date Date Early/Late itMiss 1 2 Catergory

c 2 Buk | 3142018 |  4/212018 19.0 Miss Subcon/ship order Order Due Date Planning
misalignment Misalignment

D 3 Bulk 5/11/2018 5/29/2018 18.0 Miss Component/APl delay | SAP Master Data Set-Up Planning

D 3 Bulk 5/25/2018 6/7/2018 13.0 Miss Component/API delay CMO Supplier Delay Component Availability

C 2 Bulk 6/8/2018 6/11/2018 3.0 Miss Investigation APl availability Component Availability

3 Component/API delay X _

C 2 Bulk 4/30/2018 6/11/2018 42.0 Miss CMO Supplier Delay Component Availability

C 2 Bulk 5/25/2018 6/12/2018 18.0 Miss Investigation Component Defect Component Availability

E 5 Package 6/29/2018 7/1/2018 2.0 Miss Component/API delay APl availability Component Availability

E 5 Package 6/2/2018 7/17/2018 45.0 Miss Investigation SAP Master Data Set-Up Planning

B 4P Package 7/15/2018 8/2/2018 18.0 Miss Component/API delay CMO Supplier Delay Component Availability

B s Package | 8/14/2018 | 8/24/2018 10.0 Miss Subcon/ship order Order Due Date Planning
misalignment Misalignment

A 1 Package 8/16/2018 8/27/2018 11.0 Miss Component/API delay Component Availability Component Availability

. Subcon/ship order Order Due Date .

B 4P Package 8/14/2018 8/29/2018 15.0 Miss - - Planning
misalignment Misalignment

D 3 Bulk 9/14/2018 9/19/2018 5.0 Miss Other Change Control Component Availability

D 3 Bulk 9/14/2018 9/19/2018 5.0 Miss Other Change Control Component Availability

D 3 Bulk 9/14/2018 9/24/2018 10.0 Miss Other Change Control Component Availability

hi

c 2 Buk 9/1/2018 | 9/25/2018 240 Miss Subconship order Order bue Date Planning
misalignment Misalignment

A 1 Package 8/26/2018 10/20/2018 55.0 Miss Investigation Shipping Logistics

D 3P Package | 10/24/2018 | 10/26/2018 2.0 Miss Investigation Component Defect Component Availability

D 3P Package | 10/22/2018 | 10/26/2018 4.0 Miss Investigation Component Defect Component Availability

D 3P Package | 11/12/2018 | 11/15/2018 3.0 Miss Investigation Component Defect Component Availability

B 4P Package | 12/14/2018 1/5/2019 220 Miss Component/API delay CMO Supplier Delay Component Availability

B 4P Package 12/7/2018 1/7/2019 31.0 Miss Other Batch Release Planning

D 3P Package | 11/30/2018 1/31/2019 62.0 Miss Investigation Component Defect Component Availability
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4 Bulk 4/6/2018 3/28/2018 -9.00 Hit None None None
2 Bulk 4/27/2018 4/2/2018 -25.00 Hit None None None
3 Bulk 4/23/2018 | 4/16/2018 -7.00 Hit None None None
4 Bulk 5/252018 | 5/23/2018 -2.00 Hit None None None
3 Bulk 6/1/2018 5/23/2018 -9.00 Hit None None None
4P Package | 5/30/2018 | 5/30/2018 0.00 Hit None None None
2 Bulk 7/20/2018 | 6/26/2018 -24.00 Hit None None None
5P Package | 7/20/2018 | 7/20/2018 0.00 Hit None None None
5P Package | 10/1/2018 | 9/17/2018 -14.00 Hit None None None
2 Bulk 9/28/2018 | 9/18/2018 -10.00 Hit None None None
4 Bulk 9/25/2018 | 9/20/2018 -5.00 Hit None None None
4P Package | 9/27/2018 | 9/25/2018 -2.00 Hit None None None
2 Bulk 10/9/2018 | 10/8/2018 -1.00 Hit None None None
4P Package | 11/2/2018 | 10/11/2018 -22.00 Hit None None None
2 Bulk 10/23/2018 | 10/23/2018 0.00 Hit None None None
2 Bulk 10/24/2018 | 10/23/2018 -1.00 Hit None None None
4P Package | 11/2/2018 | 10/31/2018 -2.00 Hit None None None
3 Bulk 11/6/2018 | 11/6/2018 0.00 Hit None None None
3 Bulk 11/14/2018 |  11/6/2018 -8.00 Hit None None None
1P Package | 11/14/2018 | 11/7/2018 -7.00 Hit None None None
2 Bulk 11/12/2018 |  11/8/2018 -4.00 Hit None None None
1P Package | 11/21/2018 | 11/16/2018 -5.00 Hit None None None
3 Bulk 12/5/2018 | 12/4/2018 -1.00 Hit None None None
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Appendix H — Process Capability for Orders Meeting Requested Ship Date

The process capability report was generated in Minitab using the Capability Analysis.
The Upper Specification Limit was 0, and the Lower Specification Limit was -30, as the
current process allows for orders to be shipped no more than 30 days earlier and 0 days
later than the requested ship date. Figure H.1 shows the Ppk with special causes omitted,

Figure H.2 shows the Ppk with all points included.

Process Capability Report for Orders Meeting Requested Ship Date
Points Ommitted

usL
Process Data | — Overall
LSL -30 ! — — — Within
Target * ! .
usL 0 | Overall Capability
Sample Mean  17.7619 | B PP 034
Sample N 21 : p ’\ PPL  1.08
StDev(Overall) 14.7408 i 4 PPU -0.40
StDev(Within)  14.0957 ! 4 Ppk  -0.40
i Cpm  *
| Potential (Within) Capability
Cp 035
CPL 113
CPU -042
Cpk -042

0 20 40 60
Performance
Observed Expected Overall Expected Within
PPM < LSL 0.00 597.39 351.52
PPM > USL 1000000.00 885888.79 896181.52
PPM Total 1000000.00 886486.18 896533.04

Figure H.1 — Ppk— Special Causes Omitted
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Process Capability Report for Orders Meeting Requested Ship Date

LSL

All Points Included

Process Data

LSL -30
Target *
uUsL 0
Sample Mean 19
Sample N 23

StDev(Overall) 17.2099
StDev(Within) 14.2247

-20

Observed
PPM < LSL 0.00
PPM > USL 1000000.00
PPM Total  1000000.00

Performance
Expected Overall
2205.33
865206.37
867411.70

Expected Within
285.83
909177.21
909463.04

Figure H.2 — Ppk— All Points Included
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Overall
— — — Within

Overall Capability

Pp
PPL
PPU
Ppk
Cpm

0.29
0.95

-0.37
-0.37

*

Potential (Within) Capability

Cp

CPL
CPU
Cpk

0.35
115

-0.45
-0.45




Appendix | — Cause-and-Effect Diagram and 5-Why Analysis

Cause-and-Effect Diagram Overview

Component/API
Delay

Change Control

Investigations

Component/API Delay — 5-Why’s

Effect: Order Not Shipped by
Requested Ship Date

Subcon/Ship order
misalignment

Component/API
Delay
. Incoming
CM(I));uappller Material Not
Y released on-time
Schedule Quality
Source Changes Changes Defects ResourCes
Requires Change
Control
- *Process or
o Component/Material Demand Changes ! *Workload *Prioritization
New Vendors *Priortization Availability (increase) leq:jlpment o
related issues at
CMO or Vendor
. Manufacturi -
*Capacity an;e?acy:rmg Investigations
*Reduce Risk o " :
) Manufacturing *Component -
Single S - . *Mark
ingle (?urce Deviations Quality arket Conditions
Supplier
*Equipment
Downtime *Indicates the last root cause that could be determined based on availability of information.

Investigations— 5-Why’s

** Manufacturing deviations are dependent on the manufacturing process , people or
equipment. Will not drill down all possible causes, as investigations that caused late delivery

are discussed in detail.
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Change Control and Subcon/Ship Order Misalignment — 5-Why’s

Change Control

Process/Material
Changes

1.Why did the change control event result
in the order not being shipped on time?
Time to meet all change control
requirements took longer than expected,
and material could not be released.
(Component Availahility)

2. As part of the quality release process, all
open change controls must be approved.
3. If change control affects a part of the
process that was filed when the product or
process was approved, a regulatory
assessment is required before the change
can be made.

4. Regulatory assessments compare changes
proposed to the product filings to assess
impact in applicable markets.

128

Subcon/Ship order
misalignment

Incorrect Order Due
Date/Quantities

1.Why did the incorrect order due date
result in the arder not being shipped on
time? Requested ship date was not up to
date based on customer requirements.
2a. New dates were not communicated
effectively between all parties.

3. No farmal platform to communicate and
review ship by dates after orders are
created. (Planning Process)

4, Orders are created 90- 120 days in
advance, and the original customer
requested delivery date is entered. If a
change occurs within the 90-120 days, the
planner may forget to change the requested
ship date.

5. Planners are often managing multiple
products, and orders. — Human errar




Appendix J — Exploratory Data Analysis
1. Box-Plot One Y, With Groups

Variable: Days Early/Late
Category Variable: Miss Category

The Box-Plot was generated to evaluate the differences between the miss categories. This
graph shows that the mean of the number of days early/late is different when there are

delivery misses due to none, component availability and planning issues.

Boxplot of Days Early/Late

60
50

40

30

20

10

. B
=

-20

Days Early/Late

%
-30
Component Availability Logistics None Planning

Miss Category

Figure J.1 — Box Plot
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2. Analysis of Means - ANOM

Response: Days Early/Late
Factor: Miss Category

Analysis of Means evaluates if the mean of a group (component availability, logistics,
planning and none) differs from the overall group mean. The green line is the overall
mean and the red lines are the decision limits. When the mean of a group is outside of the
decision limit it can be concluded the mean of that group is statistically significantly
different then mean of the groups. Figure J.2 shows that the means are significantly

different between miss categories.

Analysis of Means - Miss Category

o = 0.05
60
. Decision Limits
40
20 r
5 ’7 17.0
] Ti
= 6.1
0 -
" -4.9
-20
Mean of Means
-40
Component Availability Logistics None Planning

Miss Category

Figure J.2 — Analysis of Means
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Appendix K — ANOVA Assumption Confirmation
ANOVA assumptions of data normality and homogeneity of variances.
1. Probability Plots (Multiple) — Test for Data Normality

Graph Variables: Days Early/Late
Categorical Variables for grouping: Miss Category

Figure K.1 - Displays the plots overlaid on one display.
Figure K.2 - Displays graph variables plots shown in separate panels of the same graph.

The probability plots created show resulted in a p-value < 0.05 for the miss categories
none, and component availability, and p-value > 0.05 for planning. The p-value for
logistics was unable to be determined as there is only one data point. A p-value of less
than 0.05, would indicate the data is not normal, but from visually observing the data
points, most of the points are within the confidence intervals, so normality was assumed.
Figure K.2 was created in order to see get a clear picture of the confidence interval for
each variable.

Probability Plot of Days Early/Late
Normal - 95% ClI

Miss Category
—&— Component Availability
—m— Logistics
— 4 - None
—4 - Planning

Mean StDev N AD P

1467 16.89 15 1414 <0.005
* 1

-6.870 7689 23 1536 <0.005

2314 17 7 0325 0415

Percent
u
o

Days Early/Late

Figure K.1 — Probability Plot 1
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Probability Plot of Days Early/Late
Normal - 95% ClI

-50 0 50 Component Availability
Component Availability Logistics 99 Mean 14.67

StDev 16.89
. g0 N 15
AD 1414
P-Value <0.005
Logistics
Mean *
F 10 StDev =
N 1
1 AD *
P-Value

None
Mean  -6.870
StDev 7.689
50 - () N 23
AD 1536
P-Value <0.005

Planning
1 ! Mean 23.14
-50 0 50 StDev 1171

N 7
Days Early/Late AD 0325

Panel variable: Miss Category P-Value 0.415

99 None Planning

Percent

10

Figure K.2 — Probability Plot 2
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2. Test for Equal Variances — Homogeneity of Variances

Response: Days Early/Late
Factors: Miss Category

Figure K.3 shows the test resulted with p-values > 0.05, and the comparison
intervals overlap. The results of this test cannot conclude that the variances are

different. On this basis the assumption of the test for equal variances is met

Test for Equal Variances: Days Early/Late vs Miss Category
Multiple comparison intervals for the standard deviation, o = 0.05
| Multiple Comparisons
_ P-Walue 0330

| I
| [ Levene's Test

Component Availability - I
| | Pwvalue o250

> i
S |
= |
8 |
= |
= None |—| |
ot |
oo E
= i
Planning I I

[} 1 20 30 40 50

If intervals do not overiap, the corresponding staevs are sighificantly different.

Figure K.3 — Test for Equal Variances
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Appendix L — Kruskal-Wallis Test: H1
The Kruskal-Wallis is a non-parametric test that determines of the medians of groups are
different, when your data has non-normal distribution. To substantiate the results of the
One-Way ANOVA test run for H1, a Kruskal-Wallis test was run. Normality was
assumed from visually observing that the points on the Probability Plot were between the
confidence intervals (See Appendix K). The p-value < 0.05 for the miss categories none,
and component availability, and p-value > 0.05 for planning, which would indicate that
miss categories none and component availability were not normal.

1. Kruskal-Wallis Test

Response: Days Early/Late
Factor: Miss Category

Null Hypothesis (Ho): Medians are all equal between the groups. — There is no difference

in the number of days early/late when a miss category occurs.

Alternative Hypothesis (Ha): Cannot conclude that the medians of the groups are equal. -

There is evidence to suggest that there is a difference in the number of days late/early
when a miss category occurs.

Results: Based on the statistical analysis the p-value is 0.000, less than 0.05. This
indicates that we can reject the null hypothesis that the medians between the groups are

equal. See Table L.1
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Table L.1 — Kruskal-Wallis Test Result
Kruskal-Wallis Test: Days Early/Late versus Miss Category

Kruskal-Wallis Test on Days Early/Late

Miss Category N Median Awve Rank z
Component Availakility 15 10.000 32.7 3.23
Logistics 1 55.000 45.0 l1.682
HNone 23 -5.000 1z2.0 -5.81
Flanning 7 15.000 35.5 3.21
Orerall 48 23.5

H= 35.24 DF =3 P = 0.000

H= 35.30 DF = 3 P = 0.000 {adjusted for ties)

¥ NOTE * One or more small samples
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Appendix M — Case Study Product Evaluation
Pareto charts were used to determine which plants/products to use for case studies. Figure

M.1 and Figure M.2 shows which plants and products had the most delivery misses.

Pareto Chart Delivery Misses By Plant

25
-~ 100

20 |
- 80

15 -
< - 60 E
8 In Scope g
10 -
- 40
5. - 20
0 -0
Plant A E
Count 10 5 5 2 1
Percent 435 217 217 8.7 4.3
Cum % 435 65.2 87.0 95.7 100.0
Figure M.1 — Number of Delivery Misses by Plant
Pareto Chart Delivery Misses By Product
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Figure M.2 — Number of Delivery Misses by Product
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Appendix N — Actual Days Late versus Estimated Adjusted Days Late
The table below will be the data points used to evaluate Hypothesis 2. The Estimated
Adjusted Days Late are the estimated days late of each scenario, after the Performance

Response Framework is applied.

Table N.1
Miss Code Estimated
Plant | Product Pflf) dueCt Category D'aA\Cstllj_i:te Adjusted
yp Y Days Late
C 2 Bulk Planning 19.0 19.0
Component
c 2 Bulk | Availapility | 3© 30
Component
c 2 Bulk | Availability | #%° 00
Component
C 2 Bulk Availability 18.0 10.0
C 2 Bulk Planning 24.0 24.0
D 3 Bulk Planning 18.0 18.0
Component
D 3 Bulk Availability 13.0 10.0
Component
D 3 Bulk | Availability | >© >0
Component
D 3 Bulk | Availability | °© >0
Component
D 3 Bulk Availability 10.0 10.0
Component
D 3 Bulk | availability | 2© 20
Component
D 3 Bulk | availability | 9 40
Component
D 3 Bulk Availability 3.0 3.0
Component
D 3 Bulk Availability 62.0 10.0
Component
B 4P Package Availability 18.0 0.0
B 4P Package Planning 10.0 10.0
B 4P Package Planning 15.0 15.0
Component
B 4P Package Availability 22.0 0.0
B 4P Package Planning 31.0 31.0
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