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Abstract  

Background:  In a globalised world and increased interconnected business environments 

effective resilience capabilities are pivotal for disruption mitigation. In the 

pharmaceutical industry this concerns the phenomenon of medicine 

shortages and high geographical sourcing dependencies resulting in severe 

consequences for healthcare providers and patients.  

Purpose:   Analysing challenges affecting resilience in the upstream of the 

pharmaceutical supply chain network and root-causes of the heparin 

sourcing shortage. This study aims to find resilience strategies to 

effectively manage future heparin sourcing shortages. 

Method:  This qualitative case study analysed the dynamic phenomenon of supply 

chain network resilience in a German listed healthcare company. Semi-

structured interviews were conducted based on non-probability purposive 

sampling. The empirical findings were analysed according to the thematic 

analysis.  

Conclusion:  The findings indicate that insufficient management of challenges 

impacting the supply chain network resilience leads to medicine shortages. 

Driven by the ethical obligation the pharmaceutical supply chain network 

particularly has to deal with external hurdles and sourcing dependencies 

created by complex product characteristics.  
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1 Introduction  
______________________________________________________________________ 

In this chapter, the concept of supply chain resilience and its importance within the 

pharmaceutical industry is introduced. Whereas previous research analysed strategies at 

a firm’s-level, this study will focus on a network-level. 

______________________________________________________________________ 

1.1 Background 

‘A ‘shortage’ occurs when the supply of medicines, health products and vaccines 

identified as essential by the health system is insufficient to meet public health and patient 

needs’(Acosta et al., 2019, p. 15).  

The sourcing of raw material for medicine production has become a significant factor of 

power in the geopolitical play among countries. This is apparent in the European Unions’ 

(EU) high dependency on low-cost countries, especially India and China (Stürz & 

Nuyken, 2020). European countries source 80 per cent of active pharmaceutical 

ingredients (API) from India and China (European Parliament, 2020). These substances 

are composed of elementary components and have an influence on the effect of finished 

pharmaceutical products (FPP) (Food and Drug Administration, 2015). This sourcing 

dependency is also evident in the fact that the EU procures 40 per cent of its FPPs from 

Asia (European Parliament, 2020). The occurrence of medicine shortages has been a 

persistent problem globally and gained more attention in recent years (Acosta et al., 

2019). According to the European Parliament (2020), half of these medicine shortages 

affect treatments for infections, disorders of the nervous system or cancer, which result 

in immense consequences for healthcare systems and patients (Yaroson et al., 2021). 

Anticoagulants are essential for medical treatment since they thin blood, prevent blood 

clots, and thus, are crucial for patient’s survival in specific treatments (Mayo Foundation 

for Medical Education and Research, 2021). This applies to open-heart surgeries (Mayo 

Foundation for Medical Education and Research, 2021), dialysis or thrombosis 

prevention and treatment (Bioiberica, 2021). Heparin is the preferred anticoagulant used 

(McCarthy et al., 2020) and listed among the essential medicine for a basic healthcare 

system (World Health Organization, 2019).  
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The primary raw material of heparin is extracted from the intestine of animals such as 

swine, cattle, turkey or sheep. However, the commonly used heparins are mostly derived 

from swine intestine, since these have received approval for clinical usage (McCarthy et 

al., 2020; Vilanova et al., 2019). The raw material for the APIs of heparin are mainly 

sourced in China which is the world largest producer of swine (Vilanova et al., 2019). 

This creates a high sourcing dependency towards China (McCarthy et al., 2020). In 

numbers, 80 per cent of the worldwide API production for heparin is located in China, 

which is equivalent to more than 30 trillion international units annually (McCarthy et al., 

2020). 

In 2019, a global heparin supply shortage occurred due to manufacturing disruptions, 

intensified by an outbreak of the African swine fever virus (ASFV) in China in August 

2018 (McCarthy et al., 2020). This outbreak significantly reduced the availability of raw 

material (the swine intestine) since 30 to 40 per cent of Chinas’ swine population died 

from the virus (McCarthy et al., 2020). A heparin shortage has a potentially extensive 

impact on patients’ treatment since in most cases it cannot be replaced by alternative 

anticoagulants depending on the medical treatment or procedure (McCarthy et al., 2020).  

Supply chains within the pharmaceutical industry are characterised by their complex 

structure (Papalexi et al., 2020) thus, it is theoretically equivalent to a supply chain 

network (SCN) structure. The network approach states that actors are embedded in a 

network because of the interrelationships with surrounding actors (Håkansson & Ford, 

2002). Furthermore, these complex systems consist of interdependencies that bear 

challenges and opportunities (Colon et al., 2020). To mitigate the impact of sourcing 

disruptions, supply chains actors need to manage these interdependencies and build 

resilience. Due to the fact that actors in the supply upstream have a significant influence 

on the subsequent network performance (Bier et al., 2020), this study focuses on 

disruptions affecting the upstream of a focal firm. This includes the main actors such as 

manufacturer, supplier, and the focal firm. The focal firm purchases the pharmaceutical 

products from supplier and manufacturer. In this study, the perspective from the focal 

firm within a pharmaceutical SCN is taken. 
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1.2 Problem 

The inevitable occurrence of disruptions and the persistent phenomenon of medicine 

shortages stress the importance of effective risk and crisis management, hence resilience 

capabilities (Kaur & Singh, 2020). In case of any type of disaster, the assurance of raw 

material supply is crucial, which requires resilient procurement (Kaur & Singh, 2020). 

This is challenged by existing sourcing dependencies between the upstream actors of the 

pharmaceutical SCN (Lawrence et al., 2020). 

The risk of disruptions increased in the global and interconnected business environment 

and thus, the concept of supply chain resilience (SCRES) emerged (Kaur & Singh, 2020). 

In academic literature, it concerns the ability to reduce the impact of disturbances on 

supply chains and enhance recovery capabilities (Scholten & Schilder, 2015). However, 

there is no clear consensus in literature regarding the definition of SCRES and analysis 

level (Kim et al., 2015; Tukamuhabwa et al., 2015). (Un)foreseen events or uncertainties 

lead to supply chain disruptions which can affect the whole SCN, resulting in potentially 

massive consequences (Kaur & Singh, 2020). Scholars have identified that resiliency of 

SCNs is vital for effectively dealing with or recovering from such disturbances 

(Ambulkar et al., 2015; Kim et al., 2015). However, there is insufficient research 

regarding implementation of resilience strategies and their effect on the network level 

(Kim et al., 2015; Tukamuhabwa et al., 2015).  

To fill the research gap and study the persistent phenomenon of medicine shortages, the 

network approach is used to understand the concept of resilience on the network level. 

By focussing on the upstream of the pharmaceutical SCN, existing sourcing dependencies 

are addressed.  
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1.3 Purpose 

The purpose of this thesis is twofold. Firstly, the analysis of challenges affecting the 

resilience in the upstream of the pharmaceutical SCN. Secondly, the root-cause analysis 

of the heparin sourcing shortage to find solutions to effectively manage future heparin 

sourcing shortages.  

To fulfil this purpose, the following Research Questions (RQs) were formulated:  

RQ 1: What are challenges influencing resilience in the upstream of the 

pharmaceutical supply chain network?  

RQ 2: What are root-causes of the heparin sourcing shortage in the upstream of the 

pharmaceutical supply chain network? 

RQ 3: In what ways could heparin sourcing shortages be counteracted to avoid future 

shortages? 

1.4 Thesis Outline 

This thesis is divided into nine chapters. After introducing the topic and the research 

questions in chapter one, the second chapter presents the literature review. A theoretical 

background is given regarding SCNs, SCRES with an in-depth examination of resilience 

strategies and an introduction to the pharmaceutical industry. Chapter three introduces 

the executed methodology, data collection, and data analysis. Chapter four presents the 

findings of the empirical research and chapter five the analysis. The conclusion is given 

in chapter six based on the empirical results and the literature review. A comprehensive 

discussion of ethical, theoretical, and managerial implications of this study is provided in 

chapter seven. Lastly, chapter eight presents the limitations and chapter nine provides an 

outlook for future research.  
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2 Literature Review  
______________________________________________________________________ 

This chapter provides the theoretical background to the topic of supply chain network 

and supply chain resilience in the pharmaceutical industry context. 

______________________________________________________________________ 

2.1 The Network Approach 

During the mid-seventies, scholars of the University of Uppsala observed how business 

markets function and developed a network model that addresses business organisations 

that are linked to different actors in their environment (Håkansson & Snehota, 2006). 

However, the terminology does not describe an organisation’s surrounding appropriately 

in the conceptualisation of a network. Thus, the proposition is made that an organisation 

is embedded in a context (Håkansson & Snehota, 2006). In this model, businesses and 

actors are described as nodes, whereas the linkages are symbolised as threats (Håkansson 

& Ford, 2002). The synergies and conceptualisation of relationships between businesses 

and counterparts are unique (Håkansson & Snehota, 1995). In this context, counterparts 

are actors that significantly influence the originating company (Håkansson & Snehota, 

1995, 2006).  

A network consists of relationships with different substances: activities, resources, and 

actors (Håkansson & Snehota, 1995). Those can take on different functions that affect 

either the dyad connection between entities, the company itself or a third party that is 

involved (Håkansson & Snehota, 1995). Companies conduct various activities between 

different counterparts forming a complex set of interactions. To be cost efficient and 

productive, it is vital to handle interdependencies by integrating and coordinating 

technology and administrative processes (Håkansson & Snehota, 1995). Håkansson and 

Snehota (1995) further argue that constant adaptation of the activities between involved 

entities is crucial for optimal performance and long-term orientation. Resources form a 

different dimension that links companies together by combining and taking advantage of 

each other’s resources, for instance, workforce, material, or knowledge (Håkansson & 

Snehota, 1995).  
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Dependencies on knowledge become significant in the context of resource sharing and 

establishing key competences (Håkansson & Snehota, 1995). Actors form connections 

between different individuals in a network which are essential for establishing a 

companys’ identity (Håkansson & Snehota, 1995). Each actor has a different perception 

on the identity, which highly influences the interaction of a network itself. However, 

vitality of the network is not only dependent on social and personal relationships, but also 

legal ties further create interdependencies (Håkansson & Snehota, 1995).  

The network approach's fundamental principles reflect that a company's actions depend 

on the respective counterparts and that each actor pursues its own goals (Håkansson & 

Snehota, 2006). Furthermore, there is a mutual exchange process between businesses and 

the linkages make it possible to use each other's resources and tie the activities of each 

partner together (Håkansson & Snehota, 2006). Additionally, an organisation’s identity 

is shaped by its transaction of relationships with other actors in the network context 

(Håkansson & Snehota, 2006). Lastly, the occurring interdependencies in terms of 

activities, resources and actors have an impact on the performance of the organisation 

and affects the development of a network (Håkansson & Snehota, 1995, 2006). 

Developing and maintaining the complex network structure comes with high investments, 

however, each involved actor can profit from these relationships that rely on trust and 

engagement (Gadde et al., 2003; Håkansson & Ford, 2002). Actors in networks are 

interlocked due to dependencies, however, having access to each other’s resources 

favours innovation in the network (Håkansson & Ford, 2002). Furthermore, the right 

counterpart’s choice is crucial (Håkansson & Ford, 2002) and should be included in the 

business strategy (Gadde et al., 2003). Pursuing control in the overall network to its favour 

(Håkansson & Ford, 2002) or having a self-centred view (Gadde et al., 2003) leads to 

inefficiencies and narrow perspective on the network context. A dynamic network has no 

centre and defined boundaries, thus, a clear strategic position with access to extensive 

information is essential for success (Gadde et al., 2003). Nonetheless, the connections 

between actors differ and not every thread evolves to a partnership (Cooper et al., 1997).  
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The Role of Networks in Supply Chain Management  

How does this network approach relate to supply chain management (SCM) and primarily 

to SCNs? The network approach observes how business organisations form and manage 

relationships in general. Scholars have identified that this coordination of internal and 

external relationships between various network actors is a crucial component of SCM 

(Cooper et al., 1997). The concept of SCM was firstly introduced in literature 1982 and 

continuously studied ever since (Cooper et al., 1997). Early on in 1994, it has been defined 

as ‘the integration of business processes from end-user through original suppliers that 

provides products, services and information that add value for customers’ (Cooper et al., 

1997, p. 2). Almost twenty-five years later, SCM is defined as ‘the effective and efficient 

management of information, financial and material flow among all components of the 

network in order to maximise total profit and customer satisfaction’ (Sabouhi et al., 2018, 

p. 1). The material, information, and financial flow describe the exchange and 

coordination process of products and services, information, and money in between and 

along the network (Hearnshaw & Wilson, 2013). Also, the definition of Sabouhi et al. 

(2018) emphasises the relevance of the network context concerning SCM and efficiency. 

Thus, integration and an efficient management of information, material, and cash flows 

beyond the individual company are key for efficient SCM.  

In this context, the three substances of the network approach can be identified. Thus, a 

connection to the propositions of the network approach can be drawn. All components can 

be classified as actors of SCNs, whereas, the management of information, financial and 

material refers back to the activities. Since activities are embedded into the resource 

dimension, this dimension is placed behind the activity dimension. 

Various authors identified that a linear replication of a supply chain is not consistent with 

the structure of supply chains in reality (Hearnshaw & Wilson, 2013; Kim et al., 2015; 

Papalexi et al., 2020). They rather consist of multi-scale behaviour and different levels, 

hence, supply chains form complex and evolving networks (Surana et al., 2005). 
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Structures and Characteristics of Supply Chain Networks 

The complexity of supply chains and successively networks are created by strategic 

decisions such as outsourcing that create interdependencies around the globe (Hearnshaw 

& Wilson, 2013). The level of uncertainty within networks increases due to dynamic 

structures (Sabouhi et al., 2018). However, to meet customer demands, networks have to 

be dynamic, agile, and adaptive (Surana et al., 2005). Thus, scholars have used graph 

theory to visualise and understand networks stemming from the research of complex 

networks. By following this approach, an analytical perspective is put upon the SCN 

structure (Kim et al., 2015). In graph theory, a network includes several facilities 

represented by nodes and arcs which are the linkages between the nodes (Kim et al., 

2015). In a review of complex networks, Hearnshaw and Wilson (2013) describe involved 

businesses as nodes and relationships between actors as connections. However, Klibi et 

al. (2010) further emphasise suppliers, service provider or distribution centres and 

different areas of demand as parts of SCNs. In this context, scholars do not include 

relationship between actors in their perspective on connections or arcs. Borgatti and Li 

(2009) distinguish the linkages within a supply chain into hard and soft. Hard linkages 

represent material and financial flow, whereas the relationships and information flow are 

considered as soft linkages (Borgatti & Li, 2009). 

The complexity and global expansion make SCN vulnerable (Sabouhi et al., 2018). A 

narrow perspective on and a lack of understanding of network structures and synergies 

can cause failure and inefficiencies (Kim et al., 2015). Sabouhi et al. (2018) emphasise 

the significance of the proper supply selection to increase network efficiency, which 

directly affects productivity. Having a high node complexity, density, and criticality are 

negatively correlated to network reliability, whereas flow complexity positively impacts 

its reliability (Adenso-Diaz et al., 2012). Thus, networks design should be simple and 

interconnected (Adenso-Diaz et al., 2012) as the network structure has a significant 

influence on its resilience and ability to deal with supply chain risks (Kim et al., 2015).  
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2.2 Supply Chain Vulnerability vs. Resilience  

2.2.1 Supply Chain Risks and Vulnerability  

In literature, the definition of risks is multi-fold and can be viewed as a source of 

uncertainty that influences outcomes, for instance, the variation of customer demand 

(Jüttner et al., 2003). March and Shapira (1987, p. 1404) define risks as the ‘variation in 

the distribution of possible outcomes, their likelihoods, and their subjective values’. 

Taking this into the SCM context, it refers to disruptions or uncertainties affecting the 

flow of material, information, and products within a SCN (Jüttner et al., 2003). Hence, 

disruptions are any ‘unplanned and unanticipated events’ (Craighead et al., 2007, p. 132) 

affecting supply chain flows (Craighead et al., 2007; Kim et al., 2015).  

Disruptions originate from supply chain risks that actors in SCNs have to consider (Bode 

et al., 2013; Longo & Ören, 2008). These risks can either have an internal or external 

effect on firms or SCNs (Bode et al., 2013; Christopher & Peck, 2004). 

Scholars proposed different risk source classifications and sub-categorises. Christopher 

and Peck (2004) and Longo and Ören (2008) used the following:  

• Internal risks to the firm which are process and activity related 

• External risks to the firm and internal risks to the SCN which are related to the 

market or supplier (demand and supply side) 

• External risks to the SCN which are coming from natural disasters or pandemics, 

for instance, the COVID-19 pandemic.  

Taking this into the pharmaceutical supply chain context, Lawrence et al. (2020) classify 

risks into two groups: operational risks (1) and disruptive risks (2). Hereby, operational 

risks refer to uncertainties affecting everyday supply chain activities, for instance, 

fluctuation in demand and price (Lawrence et al., 2020). These represent either internally 

or externally driven risks to a firm and internally driven risks to a SCN. Disruptive risks 

include all huge interruptions impacting supply chains, for instance, man-made disasters, 

natural disasters, and pandemics (Lawrence et al., 2020; Sabouhi et al., 2018). Hence, 

these classify as externally driven risks affecting SCNs. 
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Risk assessment of the whole SCN is complex and expensive, thus impractical (Jüttner et 

al., 2003). Nevertheless, business organisations gain vital insights by understanding the 

structure, flows, operational dynamics, and complexity of SCNs (Jüttner et al., 2003; Kim 

et al., 2015). In literature, there is no commonly agreed definition of supply chain risk 

management, however the one from Jüttner et al. (2003) is frequently applied (Ponis & 

Koronis, 2012). They refer to supply chain risk management as ‘the identification and 

management of risks for the supply chain, through a co-ordinated approach amongst 

supply chain members, to reduce supply chain vulnerability as a whole’ (Jüttner et al., 

2003, p. 201). Hereby, supply chain vulnerability refers to ‘the propensity of risk sources 

and risk drivers to outweigh risk mitigating strategies, thus causing adverse supply chain 

consequences’ (Jüttner et al., 2003, p. 200). It also can be viewed as the susceptibility of 

supply chains to be negatively impacted from disruptions (Bode et al., 2013). Therefore, 

not only the supply chain risks causing disruptions, but also the supply chain vulnerability 

determine the impact on the supply chain (Bode et al., 2013). 

Nowadays, supply chains are more likely to be harmed by disruptions due to 

globalisation, increased complexity, and network size (Namdar et al., 2018). Moreover, 

various supply chain efficiency tools, for instance, just-in-time production, lean 

management, reduction of supplier base, and outsourcing, led to both increased supply 

chain efficiency and vulnerability (Namdar et al., 2018). As a matter of fact, this results 

in a contrary effect on supply chain performance. Supply chain efficiency improves the 

performance, thus in case of a disruption, increased vulnerability leads to immense 

negative impact on performance (Namdar et al., 2018). In order to mitigate disruptions 

supply chain vulnerability needs to be reduced and SCRES needs to be strengthened. 

Therefore, SCRES has to be an integrated part of operations within SCNs (Lücker & 

Seifert, 2017). 
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2.2.2 The Concept of SCRES  

SCRES is one of the core elements of supply chain risk management (Jüttner et al., 2003) 

and an emerging topic as it has gained more attention from researchers and practitioners 

(Kaur & Singh, 2020). It deals with capabilities which enable organisations to better cope 

with disruptions and reduce their impact (Yaroson et al., 2021).  

In literature, there are various perspectives and definitions of SCRES. The concepts 

encompass perspectives from engineering, business, social, and ecological systems 

(Namdar et al., 2018). Jüttner et al. (2003) and Wu et al. (2007) do not provide a clear 

definition of SCRES in their studies about supply chain risk management and disruptions 

(Kim et al., 2015). Hence, a lack of consensus on the concept is apparent (Kim et al., 

2015; Tukamuhabwa et al., 2015). However, the multidisciplinary nature of resilience is 

acknowledged by several authors (Namdar et al., 2018; Ponis & Koronis, 2012; 

Ponomarov & Holcomb, 2009; Tukamuhabwa et al., 2015). In this literature review, the 

focus is upon the business, more precisely, SCM perspective to discuss the concept of 

resilience. 

Christopher and Peck (2004, p. 2) define SCRES as ‘the ability of a system to return to 

its original state or move to a new, more desirable state after being disturbed’. This is 

one of the most frequently cited SCRES definitions. Scholten et al. (2014, p. 212) refer 

to resilience as ‘a proactive and holistic approach to managing supply chain risks 

enhancing traditional risk management strategies’ which deals ‘with unforeseeable 

disruptions and events’. According to Sheffi and Rice (2005, p. 41), SCRES is the ability 

of a company ‘to bounce back from a disruption’ which ‘can be achieved by either 

creating redundancy or increasing flexibility’. Most authors are consistent with the 

respondence to a disruption in their SCRES definitions, however, not in terms of 

mitigation (Namdar et al., 2018). In Appendix 1, a comprehensive table of all reviewed 

definitions can be found. Tukamuhabwa et al. (2015) were the first scholars to consider 

cost-effectiveness in their definition (see Appendix 1). There it is stated that the impact 

of supply chain disruptions should be reduced cost-effectively, thus, every SCRES 

definition needs to incorporate a cost aspect (Tukamuhabwa et al., 2015). Moreover, a 

resilient supply chain enables competitive advantages (Tukamuhabwa et al., 2015) since 

disruptions can have a severe operational and financial impact (Ponomarov & Holcomb, 

2009). 
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The definitions of Ponomarov and Holcomb (2009) and Ponis and Koronis (2012) are 

more comprehensive and widely used by scholars (Tukamuhabwa et al., 2015). 

Ponomarov and Holcomb (2009, p. 131) define SCRES as ‘the adaptive capability of the 

supply chain to prepare for unexpected events, respond to disruptions, and recover from 

them by maintaining continuity of operations at the desired level of connectedness and 

control over structure and function’. It is stressed that the concept of resilience 

encompasses not only recovery but also adaptability to various circumstances 

(Ponomarov & Holcomb, 2009). This definition was slightly adapted by Ponomarov 

(2012). According to Ponis and Koronis (2012, pp. 925-926), SCRES is ‘the ability to 

proactively plan and design the Supply Chain network for anticipating unexpected 

disruptive (negative) events, respond adaptively to disruptions while maintaining control 

over structure and function and transcending to a post-event robust state of operations, 

if possible, more favourable one than the one prior to the event, thus gaining competitive 

advantage’. Kim et al. (2015, p. 50) developed a definition for supply chain network 

resilience (SCNR) and refers to it ‘as a network-level attribute to withstand disruptions 

that may be triggered at the node or arc level’. It becomes apparent that scholars are 

inconsistent and unclear in terms of level of analysis, ranging from a SCN perspective to 

a firm’s perspective (Kim et al., 2015).  

As there are various definitions of SCRES and SCNR, this study follows the definition 

from Tukamuhabwa et al. (2015, p. 8) with a small adaption to create an essential 

connection to SCNs:  

‘The adaptive capability of a supply chain [network] to prepare for and/or respond to 

disruptions, to make a timely and cost effective recovery, and therefore progress to a post-

disruption state of operations – ideally, a better state than prior to the disruption’. 

It was chosen as it includes all essential aspects of SCNR and provides a comprehensive 

description of the concept. As Kim et al. (2015) stated, the conceptualisation of SCNR 

lacks clarity. The network structure’s effects on resilience has been acknowledged, 

however, disregarded in research. Therefore, this study focuses on resilience strategies 

that have an impact on SCNR. 
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2.2.3 Resilience Strategies 

Organisations need to develop effective resilience strategies to manage disruptions. Since 

global SCNs rely on their supplier base (Namdar et al., 2018) and need to ensure the 

supply of raw material, effective procurement strategies are key enabler for resiliency 

(Kaur & Singh, 2020). Furthermore, Bier et al. (2020) point out the impactful position of 

supply chain actors far upstream on SCRES. Most of the literature in the field of SCRES 

focuses on strategies to improve or build resilience, however, there is a lack of research 

regarding the selection and implementation of these strategies (Tukamuhabwa et al., 

2015). Moreover, it is unclear whether those strategies aim at network-level or node/arc-

level disruptions resulting in a diverse impact on resilience (Kim et al., 2015). 

Resilience strategies are broadly classified into two groups: proactive and reactive 

strategies, though some apply for both groups (Kaur & Singh, 2020; Tukamuhabwa et al., 

2015). In Table 1, an overview of the reviewed articles and resilience capabilities is 

provided. These follow the classification proposed by scholars. Proactive strategies refer 

to ex-ante disruption actions that focus on reduction of disturbance occurrence and 

reactive strategies deal with ex-post disruption actions, which are about the reduction of 

consequences caused by disturbances (Kaur & Singh, 2020; Yaroson et al., 2021).  

Proactive resilience capabilities concern risk management culture, knowledge 

management, and SCN structure/ design (Tukamuhabwa et al., 2015). These approaches 

focus on risk management awareness (Christopher & Peck, 2004; Sheffi & Rice, 2005) 

and knowledge development about supply chain structures (Jüttner & Maklan, 2011; 

Ponis & Koronis, 2012; Ponomarov & Holcomb, 2009; Scholten et al., 2014).  

Reactive resilience strategies include supply chain agility, creating redundancy, and 

increasing flexibility and velocity (Tukamuhabwa et al., 2015). These strategies focus on 

abilities to quickly respond to uncertainties by the usage of certain capabilities, for 

instance, additional supplier (Christopher & Peck, 2004) or inventory (Scholten et al., 

2014). Building logistical capabilities, increased visibility, and supply chain collaboration 

apply for both proactive and reactive strategies (Tukamuhabwa et al., 2015). These 

approaches proactively and reactively manage information and supply flows to reduce 

vulnerability by advanced information technology (Sheffi & Rice, 2005), increased 

transparency of SCN (Longo & Ören, 2008), and information sharing (Scholten et al., 

2014).  
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Table 1: Summary of Resilience Strategies 

Resilience Strategies Authors 

Proactive 

Strategies 

Risk Management Culture (Christopher & Peck, 2004; Sheffi & 

Rice, 2005) 

Knowledge Management (Christopher & Peck, 2004; Jüttner 

& Maklan, 2011; Ponis & Koronis, 

2012; Ponomarov & Holcomb, 2009; 

Scholten et al., 2014; Sheffi & Rice, 

2005) 

SCN Structure/Design (Datta et al., 2007; Kim et al., 2015; 

Scholten et al., 2014) 

 

Reactive 

Strategies 

Supply Chain Agility (Christopher & Peck, 2004; Longo & 

Ören, 2008; Ponis & Koronis, 2012; 

Scholten et al., 2014) 

Redundancy (Longo & Ören, 2008; Ponis & 

Koronis, 2012; Sheffi & Rice, 2005) 

Flexibility & Velocity (Datta et al., 2007; Longo & Ören, 

2008; Ponis & Koronis, 2012) 

 

Both Pro- and 

Reactive 

Strategies 

Logistics Capabilities (Ponomarov, 2012; Ponomarov & 

Holcomb, 2009) 

Visibility (Datta et al., 2007; Longo & Ören, 

2008) 

Supply Chain 

Collaboration 

(Christopher & Peck, 2004; Jüttner 

& Maklan, 2011; Ponis & Koronis, 

2012; Ponomarov & Holcomb, 2009; 

Scholten et al., 2014; Sheffi & Rice, 

2005) 
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Based on the conducted literature review the four key resilience strategies Network 

Structure (1), Flexibility (2), Agility (3), and Collaboration (4) offer the most 

opportunities and value for this study. However, other resilience strategies are part of 

these since all strategies are somewhat interrelated (Tukamuhabwa et al., 2015). 

Therefore, synergies and trade-offs between them exist (Tukamuhabwa et al., 2015) 

which are discussed in the following:  

Network Structure vs. Flexibility 

A comprehensive understanding of SCN structure, actors, and their interactions is one 

key enabler of proactive resilience strategies as it enhances the analysis of potential 

threats and disruptions (Datta et al., 2007; Kim et al., 2015). Different network structures 

provide certain advantages and disadvantages resulting in varying resilience capabilities 

(Kim et al., 2015). Besides the network structure, increased flexibility is a reactive 

approach to enhance SCNR. It refers to the adaptations of changed circumstances (market 

fluctuations) in a timely and effortless manner (Longo & Ören, 2008), for instance, by 

multiple or/ and local sourcing and postponement (Jüttner et al., 2003).  

However, network structures can hinder or complicate flexibility capabilities as they are 

designed according to certain characteristics, hence cannot be changed quickly (Scholten 

et al., 2014). Both resilience approaches seem to be somewhat contrary. Therefore, trade-

offs and synergies between network structure and flexibility need to be considered and 

evaluated. The thorough understanding of network structure, actors, and 

interdependencies build the foundation for decision-making in terms of flexibility to 

enable efficient and quick responses to uncertainties. In that way flexibility within the 

network structure is ensured which strengthens SCNR (Scholten et al., 2014).  

Supply Chain Agility and Collaboration 

Flexibility capabilities is one antecedent of supply chain agility which is another essential 

reactive resilience strategy. It refers to ‘the ability to respond quickly to unpredictable 

changes in demand or supply’ (Tukamuhabwa et al., 2015, p. 14). Besides flexibility, also 

velocity and visibility play an important role for supply chain agility (Scholten et al., 

2014).  

Velocity implies the recovery pace of the supply chain from a disruption (Jüttner & 

Maklan, 2011). Visibility of the whole supply chain increases transparency and enables 
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easier detection of disruptions and their impact (Christopher & Peck, 2004). This goes 

hand in hand with the approach to have a comprehensive understanding of SCN structure, 

actors, and their interactions. Underlying factor for this is collaboration and trust between 

SCN actors (Yaroson et al., 2021). 

Collaboration is an integrated approach of supply chain actors to work effectively 

together towards a mutual goal by sharing supply chain operations (Scholten & Schilder, 

2015; Tukamuhabwa et al., 2015). It involves sharing of information and knowledge, for 

instance, about uncertainties and current as well as future supply chain risks. This 

enhances visibility (Kaur & Singh, 2020) and resilience capabilities (Scholten et al., 

2014). The implementation of a risk management team enables effective information and 

knowledge sharing (Christopher & Peck, 2004). In this context, it is pivotal to create a 

risk management culture within organizations and SCNs to increase resilience awareness 

(Sheffi & Rice, 2005). This empowers employees to include resilience in their decision-

making (Sheffi & Rice, 2005) which strengthens SCNR.  

Vertical collaboration deals with actors at different supply chain parts, for instance, 

suppliers, manufacturers, and wholesalers (Scholten et al., 2014). Horizontal 

collaboration refers to partnerships of different actors at the same supply chain part 

(Scholten et al., 2014). Effective supply chain collaboration positively influences agility 

as it enables faster processes between supply chain actors (Jüttner & Maklan, 2011). 

Hereby, increased visibility, information sharing, and risk management culture are key 

for SCNR.  

The four aforementioned strategies are interconnected and need to be addressed 

holistically. In that way it helps SCNs to cope better with disruptions and, for instance, to 

mitigate supply shortages (Namdar et al., 2018). Within the healthcare sector supply 

shortages of medicine pose not only financial losses for organisations, but also danger 

patients’ well-being (Lawrence et al., 2020). The reliable supply of life-saving medicine 

is crucial for patients’ survival and represents an ethical aspect of SCNR in the 

pharmaceutical industry (Lücker & Seifert, 2017). 
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2.3 Pharmaceutical Industry 

2.3.1 The Pharmaceutical SCN 

The global demand for healthcare services and products is growing, which poses new 

challenges for pharmaceutical SCNs (Papalexi et al., 2020). According to Zahiri et al. 

(2018, p. 257) the pharmaceutical industry is defined as a ‘series of operations, processes 

and interactions between organisations in order to discover, develop and produce 

medications and drugs’. Pharmaceutical supply chains can be defined as ‘the integration 

of all activities associated with the flow and transformation of drugs from raw material 

through to the end-user, as well as associated information flows, through improved 

supply chain relationships to achieve a sustainable competitive advantage’ 

(Uthayakumar & Priyan, 2013, p. 52). In relation to the network approach, the actor 

dimension is embedded in from raw material through to the end-user. Generally, this 

includes the primary (API) and secondary (FPP) manufacturer and supplier (Zahiri et al., 

2018), who form the upstream of a focal firm in a network. Furthermore, distribution 

centres and different medical players such as, pharmacies, hospitals, physicians and 

patients create the downstream (Zahiri et al., 2018). Figure 1 provides an overview of the 

general actors of a pharmaceutical SCN. The activities dimension can be found in all 

activities associated with the flow and transformation of drugs, whereas the resources are 

not mentioned directly. However, they create the foundation for the activities and actor 

dimension, thus, are placed behind the activities and actor dimension. 

 

Figure 1: A Pharmaceutical SCN adapted from Yaroson et al. (2021) 
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A pharmaceutical SCN faces various challenges. A key challenge is complexity due to 

the high number of involved actors and stakeholders (Papalexi et al., 2020), who highly 

focus on cost efficiency (Lücker & Seifert, 2017). Furthermore, the overall supply chain 

length and required quality standards represent other challenges (Papalexi et al., 2020). 

Indeed, high research and development investments and cost pressure from increased 

competition has enforced shifting manufacturing locations or sourcing to low-cost 

countries creating complex structures (Huq et al., 2016). Thus, being cost efficient is a 

decisive factor for sourcing dependencies to low-cost countries (Huq et al., 2016). China, 

worlds’ leading producer of APIs, has regulations that further attract firms to outsource 

to China (Huq et al., 2016). For instance, the registration process for new medicines 

entering the Chinese market is faster when one production step is located in China (Huq 

et al., 2016). 

However, providing sufficient supply for patient’s individual treatment drives the major 

urgency that is embedded within the industry (Haszlinna Mustaffa & Potter, 2009). 

Furthermore, the pharmaceutical supply chain faces more challenges besides cost 

efficiency and continuous provision of high-quality products (Lawrence et al., 2020; 

Papalexi et al., 2020). Further challenges are the number of players from various 

backgrounds, a lack of experienced management of medical players, the complex 

characteristics of medicine, long research and development periods (Bhakoo et al., 2012; 

Papalexi et al., 2020), a highly regulated production flow (Narayana et al., 2014) and a 

lack of collaboration and information sharing (Huq et al., 2016; Papalexi et al., 2020). 

Another challenge is the short perishability of certain products and the risk of turning into 

hazardous products (Papalexi et al., 2020; Zahiri et al., 2018). According to Huq et al. 

(2016), a lack of supplier responsiveness exists to fulfil market demands. Furthermore, 

managing and implementing new strategies comes with a high risk since failure or quality 

issues can have a tremendous impact on patients health (Papalexi et al., 2020). To cope 

with these challenges, shifting production or sourcing to low-cost countries is a 

consequential decision to reduce costs (Lawrence et al., 2020). Simultaneously, this 

increases SCN complexity (Hearnshaw & Wilson, 2013). With greater complexity the 

vulnerability of a SCN increases, which can lead to medicine shortages when disruptions 

occur (Sabouhi et al., 2018). 
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2.3.2 Medicine Shortages 

Operational and disruptive risks that affect the pharmaceutical supply chain emerged due 

to the location of medicine production in low-cost countries (Lawrence et al., 2020). The 

disruption of the manufacturing process and supply of saline (medicine) by Hurricane 

Maria in 2017 is one significant example of how the American healthcare system was 

challenged to provide high-quality products (Lawrence et al., 2020). Furthermore, it 

revealed how ripple effects impact SCNs. It was not the hurricane itself rather the lack of 

electricity and sourcing dependencies to approved manufacturers located in Puerto Rico 

that led to a shortage of one specific medicine in the US (Lawrence et al., 2020). 

To further elaborate on sourcing dependencies, a significant and unpredicted increase in 

demand for personal protective equipment (PPE) and general medications has been 

observed in the wake of the COVID-19 pandemic (Xu et al., 2020). It revealed once more 

the global sourcing dependencies of APIs to China. The COVID-19 pandemic caused a 

stop of production in China, challenging even the third-largest producer of medicine, 

India, who had to deal with shortages in raw material (Xu et al., 2020).  

Acosta et al. (2019) identified that there is a lack of unified definition of medicine 

shortages since countries and organisations each have their own perspective on this 

phenomenon. Different terms are used to describe an unmet demand of medicines such 

as shortage or scarcity, both heading in the direction of the same meaning. Differentiation 

is required; thus, a medicine scarcity is described as ‘situations in which for a specific 

need the medication does not exist’ (Acosta et al., 2019, p. 16). In this context, a shortage 

occurs when ‘it is not possible to obtain the medicine in a timely manner’ (Acosta et al., 

2019, p. 16). In this regard the World Health Organisation (WHO) has developed two 

definitions describing a shortage coming either from the demand or the supply side 

(Acosta et al., 2019). The supply shortage is described as the occasion when ‘the supply 

of medicines, health products and vaccines identified as essential by the health system is 

insufficient to meet public health and patient needs’ (Acosta et al., 2019, p. 15). ‘When 

demand exceeds supply at any point in the supply chain and may ultimately create a 

‘stockout’ at the point of appropriate service delivery to the patient [and] if the cause of 

the shortage cannot be resolved in a timely manner relative to the clinical needs of the 

patient’ (Acosta et al., 2019, p. 15) a demand shortage occurs. 
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Forecasting the demand of medicine comes with high uncertainty and unpredictability 

(Papalexi et al., 2020) due to special different required mixtures, seasonal changes, and 

especially unpredictable for unique and rare demanded medicines (Zahiri et al., 2018). 

Thus, medicine shortages can also occur due to stockpiling and panic buying behaviour 

(Xu et al., 2020). In case of a medicine shortage it may be possible to use a substitute, 

however, this is not applicable to every medication since some are highly specialised or 

do not have a substitute (Zahiri et al., 2018). The power relationships between involved 

actors in a network have a role and influence on medicine shortages (Acosta et al., 2019). 

Further, prior conducted studies identified root-causes of medicine shortages in 

connections to market-related issues, SCM, production, and regulations (Acosta et al., 

2019). Hence, to counteract medicine shortages, scholars have identified the need for 

dealing with these risks enabled by a resilient SCN (Lawrence et al., 2020; Yaroson et 

al., 2021).  
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2.4 Literature Synthesis  

Figure 2 is a visualisation of the literature synthesis that incorporates the concept of 

supply chain vulnerability and resilience to mitigate medicine shortages. The sourcing of 

raw material represents the disruptive factor for this study. 

 

Figure 2: Literature Synthesis of SCNR (Own Creation) 

The developed framework (Figure 2) visualizes the conceptual structure of the literature 

review. The level of analysis goes from the bottom up to the top, thus the overall 

environment is represented by the upstream SCN. Starting from the top, mitigation of 

medicine shortages is the primary goal. In order to achieve that, a resilient pharmaceutical 

SCN is needed, which is the core of the framework. However, supply chain vulnerability 

needs to be reduced and SCRES needs to be established. This is affected by the 

occurrence of disruptions, in this case, it concerns the sourcing of raw material. An 

analysis of internal and external supply chain risks supports a reduction of vulnerability. 

Furthermore, the four key resilience strategies Network Structure (1), Flexibility (2), 

Agility (3), and Collaboration (4) strengthen SCNR. Therefore, supply chain risks and 

resilience strategies need to be balanced to create a state of equilibrium.  
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3 Research Method 
______________________________________________________________________ 

The purpose of this chapter is to present the methodological assumptions and the chosen 

case of this thesis. Furthermore, data collection and analysis processes are described. 

______________________________________________________________________ 

3.1 Methodology 

3.1.1 Research Philosophy 

The philosophical stance concerns beliefs and assumptions which build the foundation 

for knowledge development (Saunders et al., 2016). These beliefs and assumptions have 

an ontological and epistemological perspective (Saunders et al., 2016). The ontological 

assumptions deal with the perception of realities (singular or multiple) (Yin, 2015), hence 

‘the nature of reality’ (Easterby-Smith et al., 2018, p. 109). Whereas epistemological 

assumptions concern ‘the nature of knowledge’ (Yin, 2015, p. 335), how its acquired, 

created, and communicated (Easterby-Smith et al., 2018; Saunders et al., 2016; Yin, 

2015). 

The ontological relativist perspective on the nature of reality is taken in this study. It 

assumes that there is not a singular reality but different truths and viewpoints (Easterby-

Smith et al., 2018). Therefore, the acquired facts depend on the observers perspective 

(Easterby-Smith et al., 2018). This goes hand in hand with the epistemological social 

constructionism perception of the nature of knowledge. It considers socially constructed 

phenomenon, which is difficult to describe objectively as they are constructed by external 

factors and interaction of people (Easterby-Smith et al., 2018; Yin, 2015). In this context, 

it is referred to the medium of language people use to share their experiences (Easterby-

Smith et al., 2018). Within social constructionism, there are further epistemological 

dimensions concerning the ‘engagement of the researcher with the research context’ 

(Easterby-Smith et al., 2018, p. 134). The engaged research approach creates value 

whenever complex systems are studied (Easterby-Smith et al., 2018) such as SCNR 

within the pharmaceutical industry. Therefore, a close collaboration with the case 

company was chosen following the engaged research approach. The engaged 

constructionism refers to one of the five major business and management research 
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philosophies, namely pragmatism (Easterby-Smith et al., 2018; Saunders et al., 2016). 

Hereby the individual truth and knowledge is based on the experiences of observers 

(Easterby-Smith et al., 2018).  

Based on the chosen philosophical stance a qualitative research design is most suitable. 

Following the ontological relativist perception, the perspective of each observer is treated 

as an individual truth which is based on experiences. By collecting various perspectives 

on the phenomenon of medicine shortages and SCNR, a holistic view is provided. 

Furthermore, the context of SCRES refers to a dynamic process which is difficult to 

describe objectively following the epistemological social constructionism perception. 

Hereby, the dimension of pragmatism is suitable as observers rely on their own 

experiences and overall research aim to improve practical implementation of resilience 

strategies. The engaged research approach ensures a comprehensive and in-depth 

understanding of the complex SCN within the pharmaceutical industry. 

3.1.2 Research Design and Method 

The research design provides a framework concerning what data is gathered and how it 

will be analysed (Easterby-Smith et al., 2018). Furthermore, it impacts choices regarding 

research topic, how it will be investigated, and answering of research questions (Saunders 

et al., 2016). In this context, the philosophical stance of a study builds the foundation for 

the research design (Easterby-Smith et al., 2018).  

In order to answer the proposed research questions and the applied epistemological stance 

of engaged social constructionism a qualitative single case study is most suitable. By 

applying this design, the dynamic phenomenon of SCNR and the heparin shortage is 

addressed appropriately. It provides the setting for an in-depth analysis of the complex 

phenomenon (Dubois & Gadde, 2002; Saunders et al., 2016; Yin, 2015) which is 

enhanced by close cooperation with the case company. Therefore, a single case study is 

more valuable than a multiple case study as it extracts complexity and sheds light into the 

specific case of the heparin sourcing shortage.  
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3.1.3 Research Approach 

As previously mentioned, the research design provides a framework for data collection 

and analysis. In order to make a choice regarding the configuration of literature and 

collected data, the research approach provides explanations (Saunders et al., 2016). This 

ultimately influences the way researchers execute the data analysis and draw conclusions 

(Easterby-Smith et al., 2018).  

This thesis followed an abductive approach, referring to a continuous interplay of 

literature and empirical data to draw better conclusions of empirical data (Dubois & 

Gadde, 2002; Saunders et al., 2016). It empowered the researchers to explore the 

phenomenon of SCNR and to identify themes as well as pattern regarding suitable 

resilience strategies. The epistemological perspective of pragmatism considers practical 

solutions as particularly valuable (Saunders et al., 2016). To apply this approach, it was 

essential to analyse existing literature and empirical data conjointly.  

3.2 Chosen Case 

The chosen company provides an unique case to investigate the phenomenon of medicine 

shortages and SCNR. It is a German listed company and the world’s leading healthcare 

company of products and services for a subspecialty of internal medicine. The company 

employs more than 100.000 people worldwide and offers healthcare products and services 

in roughly 150 countries. Yearly, more than 345.000 patients are treated in their global 

network of approximately 4.000 clinics. Besides the global network of clinics, the 

company also operates around 45 production sites in more than 20 countries. Taking this 

in the SCM context, the company acts as focal firm within the pharmaceutical SCN.  

One of its core competencies is the treatment of a particular internal disease which can 

either be an acute (short-term) problem or chronic (long-term) illness of a patient. In 2020, 

there were more than 3,5 million patients with this particular internal disease globally of 

which almost 10 per cent were treated in the clinics from the case company. However, 

the market shares differ depending on geographical region leading to market shares in 

some countries being substantially larger than in other countries.  

In order to provide life-saving treatment for this specific disease, one of the most essential 

medicine is the anticoagulant heparin. It is on the list of essential medicine, in the category 

of medicine affecting the blood, published by the WHO in 2019 (World Health 
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Organization, 2019). This list includes all medicine essential for a basic healthcare system 

which is based on current and future relevance estimation (World Health Organization, 

2019). 

There are two different types of heparin medicine: unfractionated heparin (UFH) and low 

molecular weight heparin (LMWH) which differ in terms of molecular chain length and 

weight. Further, in the manufacturing process of LMWH a significantly smaller amount 

of raw heparin is needed. Nevertheless, the choice between UFH and LMWH depends on 

various aspects, for instance, the type of treatment and patient-related circumstances. For 

specific treatments there is no practical alternative anticoagulant for heparin which could 

be implemented in the daily routine at clinics. Therefore, a potential heparin shortage 

poses a severe risk for patients’ well-being and survival. 

Around 80 per cent of the global heparin supply is sourced from China. In 2018, 

manufacturing issues and the outbreak of the ASFV in China resulted in a global heparin 

supply shortage. The raw material of heparin is derived from animal tissue, mainly from 

swine intestines. Since 30 to 40 per cent of China’s pig population died from the virus, a 

huge reduction of available raw material (swine intestine) followed. However, the actual 

consequences of the supply shortages varied significantly among geographical regions. 

As disruptions in medicine supply have a disadvantageous impact for the whole 

healthcare system, resilience capabilities of the whole SCN need to be strengthened.  
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3.3 Data Collection 

To investigate medicine shortages and SCNR within the pharmaceutical industry, the data 

collection is based on qualitative, semi-structured interviews as primary data and 

secondary data such as company reports.  

The selection of interview candidates either follows a probability or non-probability 

strategy (Easterby-Smith et al., 2018). In case of probability sampling strategies each 

employee of the case company would have the same probability to participate (Easterby-

Smith et al., 2018). Whereas in a non-probability sampling the probability to participate 

is unknown (Easterby-Smith et al., 2018).  

In this thesis, the purposive sampling strategy is applied which belongs to the non-

probability sampling design. Hereby the selection of interviewees is based on predefined 

criteria (Easterby-Smith et al., 2018) and is often used for case studies with rather small 

sample sizes (Saunders et al., 2016). This ensures a targeted selection of participants to 

increase relevance and avoid randomness compared to other sampling strategies, for 

instance, snowball-sampling (Easterby-Smith et al., 2018; Yin, 2015). By applying the 

purposive sampling design valuable data was gathered based on the sampling criteria.  

3.3.1 Selection of Participants 

In order to find suitable interviewees and following the engaged research approach, the 

researcher proposed, based on the sampling criteria (Table 2), a list of departments of 

interest to the facilitators (the head of and a senior manager in the Heparin Task Force) at 

the case company. This was done purposively since the facilitators are more familiar with 

the organizational structure within the company. The potential interviewees of the 

selected departments were then contacted via corporate e-mail by the facilitators. After 

their confirmation to collaborate, the first round of interviews was booked. In Table 2, 

the sampling criteria is presented which enabled the researcher to conduct interviews for 

an in-depth analysis of the research topic at hand.  
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Table 2: Selection Criteria for Participants 

Criterion for Participants Short Explanation 

Interaction or engagement with 

heparin case and/or SCN relations 

Collect rich information and derive learning 

outcomes from experiences  

Providing a holistic view 

Include different departments and countries to 

understand phenomenon from different 

perspectives (see Table 3) 

Decision-making capability 

Seniority level or executed task of participant is 

relevant. Length of employment was 

disregarded. 

3.3.2 Interview Structure 

The interviews followed a semi-structured approach, including questions regarding 

SCNR, the heparin shortage, and strategies to strengthen resilience. The interview 

protocol can be seen in Appendix 2. The flexible structure of semi-structured interviews 

enabled the researchers to ask additional questions concerning specific topics (Saunders 

et al., 2016) depending on the interviewee’s individual expertise. In that way, an in-depth 

understanding of the heparin shortage was gained, and the complex nature of SCNR 

within the pharmaceutical industry was addressed appropriately. Furthermore, the order 

of questions varied depending on the flow of the conversation. 
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3.3.3 Primary Data 

The semi-structured interviews represent the primary data source for this thesis. In total 

13 interviewees participated of which 11 employees are from the case company, one 

representative from an association within the pharmaceutical industry, and one participant 

from an external heparin supplier of the case company. Two of the 11 participants of the 

focal firm provide the manufacturer perspective since the focal firm is an authorized 

manufacturer in Country D. All of the participants met the three pre-requirements. The 

core of the study is taken from the perspective of the focal firm. In order to include an 

external perspective of an actor within the pharmaceutical industry, the association also 

represents a suitable participant. Furthermore, the participant from one external 

manufacturer ensures the perspective of manufacturer and supplier. During the research 

process several other suppliers were contacted, however, due to confidentiality concerns 

all other supplier declined to participate. 

The participants are located in six different countries; four located in Europe, one in North 

America, and one located in the Middle East providing a holistic data collection. Due to 

confidentiality reason the countries are described as Country A-F. The first round of 

interviews was conducted during the calendar weeks 12-14 and 18 in 2021. The second 

round of interviews took place in calendar week 15 with both facilitators. Throughout the 

data collection process, 15 interviews were scheduled, and audio recorded. As the current 

COVID-19 pandemic prevents contact in person, any contact to the case company and 

execution of interviews was solely online, using Microsoft Teams and Zoom for video 

calls. The interviews were mainly conducted in English language. Due to personal 

preferences of the interviewees two interviews were hold in German language. Overall, 

13,5 hours of empirical data was collected during 15 interviews. On average, each 

interview lasted for 54 minutes. Table 3 provides an overview of all interview sessions.  
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Table 3: Overview Interview Participants 

Participant Country SCN Actor Business 
Department Position Time 

Recorded 

IP01 Country A 
External 

Association 

Planning and 

Quality 
Manager 00:42:00 h 

IP02 Country A Focal Firm Crisis Response Head 
01:02:00 h 

00:31:00 h 

IP03 Country C Focal Firm Procurement Manager 01:04:00 h 

IP04 Country D Manufacturer 
Quality 

Management 
Head 00:32:00 h 

IP05 Country D Manufacturer 
Quality 

Management 
Manager 00:27:00h 

IP06 Country A Focal Firm 
Pharmaceutical 

Markets 

Senior 

Manager 

01:39:00 h 

00:49:00 h 

IP07 Country B Focal Firm Procurement Director 01:06:00 h 

IP08 Country A Focal Firm Procurement Manager 01:03:00 h 

IP09 Country E Focal Firm Procurement 
Senior 

Director 
01:11:00 h 

IP10 Country A Focal Firm 
Quality 

Management 
Head 00:50:00 h 

IP11 Country A Focal Firm 
Supply Chain 

Management 

Vice 

President 
00:48:00 h 

IP12 Country A Focal Firm Demand Planning 
Vice 

President 
00:49:00 h 

IP13 Country F Manufacturer 
Key Account 

Manager 

Senior 

Manager 
00:53:00 h 

 Total: 13:26:00 h 
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Every interview started with a short introduction of the researchers regarding themselves 

and the topic at hand. Besides, the researchers asked each participant to consent for the 

audio recording to build trust and provide transparency. In terms of interview execution, 

only one researcher was responsible for the flow of conversation. In that way, researchers 

aimed to make the interviewee feel more comfortable and convenient to talk to only one 

person. Simultaneously, the other researcher was enabled to observe and make notes 

during the interview and ask additional questions if needed. After each interview, both 

researchers discussed, and shared first impressions and notes for approximately 20 

minutes.  

3.3.4 Secondary Data 

Secondary data of this thesis encompasses a comprehensive literature review and internal 

documents of the case company to understand the studied case. For the literature review, 

literature searches were conducted using the data bases Web of Science and Scopus. Key 

terms supply chain resilience and supply chain network were used, however, both 

platforms provided more than 500 results. To further narrow down the results, the key 

terms were adjusted. By including global sourcing or procurement and crisis 

management, the literature search was narrowed down to 2 (Web of Science) and 185 

(Scopus) hits. In case of Web of Science, the key term was changed into sourcing to have 

a broader range of results (59), see Table 4. The article selection was based on the review 

of abstracts and the consideration of citation level. Thus, not every article from the data 

base search was used for the literature review. Additionally, the use of snowballing 

enabled researcher to broaden perspectives and extent valuable literature base. The 

snowball method refers to the usage of cited references in articles of the initial literature 

search to find additional literature (Easterby-Smith et al., 2018). To capture the evolution 

of the topic SCRES no time span was implemented into the literature search.   
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Table 4: Key Terms Literature Review 

Data 

Base 
Key Terms 

Amount of 

Hits 

Web of 

Science 

Supply Chain Resilience AND Supply Chain Network 541 

Supply Chain Resilience AND Supply Chain Network AND Global 

Sourcing 
9 

Supply Chain Resilience AND Supply Chain Network AND Sourcing 59 

Supply Chain Resilience AND Supply Chain Network AND Sourcing 

AND Crisis Management 
2 

Scopus 

Supply Chain Resilience AND Supply Chain Network 503 

Supply Chain Resilience AND Supply Chain Network AND Global 

Sourcing OR Procurement 
370 

Supply Chain Resilience AND Supply Chain Network AND Global 

Sourcing OR Procurement AND Crisis Management 
185 

The collaborating case company shared internal documents in advance and during the 

data collection process which represent another secondary data source. This sharing of 

information between involved participants increased and enriched the holistic 

understanding of the case and provided background information. Furthermore, it had high 

value for understanding and triangulating the data during the research study. 

3.4 Research Quality 

Following a qualitative research strategy generating trustworthiness is a decisive criterion 

during the research process. Due to a lack of objectivity and defined measurable data 

(quantitative rigor) qualitative research is critiqued (Guba, 1981). According to Guba 

(1981) four important criteria for trustworthiness are truth value, applicability, 

consistency, and neutrality. In the naturalistic perspective, these criteria of 

trustworthiness are addressed and ensured by credibility, transferability, dependability, 

and confirmability (Guba, 1981). The applied purposive sampling with the connected 

prior defined selection criteria for interview participants provided different perspectives 

for the data analysis. Thus, only participants with relevant experience and knowledge 

about the industry and the studied phenomena were included. Since the studied 
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phenomenon operates at global scale, participants from different countries were involved. 

This is key for ensuring research quality and overall credibility of the study (Guba, 1981). 

The gathered empirical data was triangulated with secondary data, including internal 

documents from the case company and existing literature following the abductive 

research approach. This enhances confirmability and credibility of the study and further, 

counteracts possible biased conceptions of the researchers (Guba, 1981). 

Furthermore, the followed engaged constructionism provided a broad range of rich 

information, hence an understanding in thick descriptive data (Guba, 1981). This is 

essential for transferring hypotheses drawn from the analysis of data to other contexts 

(Guba, 1981). Even though the chosen case has a high level of specifications, by 

generating similarities and generalizations of medicine product groups in the 

pharmaceutical industry, the findings can be applied and transferred to other contexts 

enhancing transferability. 

3.5 Research Ethics  

Following a case study method, in-depth knowledge and insight in operations of the case 

company were gained. To ensure confidentiality between researchers and organization a 

confidentiality agreement (N.D.A) was signed before collaborating and conducting 

interviews in this research study.  

In advance of each interview, the participant received an interview guideline including 

background information regarding the topic and interview frame (see Appendix 3). 

Furthermore, to protect privacy, establish trust, and inform the participants about their 

rights and handling of the collected data, a consent form was sent to each participant 

(Easterby-Smith et al., 2018). The signed consent agreement acted as the decisive factor 

that the interview could be carried out (see Appendix 4). 

For transcription purposes only, handwritten notes were taken, the interview was audio 

recorded, and the files were stored on a private, secured, and external storage device. The 

application Microsoft Word was used as means for transcription. The assurance of 

participants’ anonymity is crucial during a research project (Easterby-Smith et al., 2018). 

Thus, each participant is represented by a neutral description for instance, ip01 (interview 

(i) participant (p) and number of participant), the overall business unit, located country, 

and broad position description, see in Table 3. 
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3.6 Data Analysis  

The analysis of qualitative data is impacted and challenged by the overall nature of data, 

meaning high in volume, complex, and consisting of no standards (Saunders et al., 2016). 

Thus, in order to make sense of qualitative data different analysis methods and techniques 

exists (Saunders et al., 2016). These are, for instance, template analysis, thematic analysis, 

grounded theory method, narrative analysis or content analysis (Saunders et al., 2016). 

Following the pragmatism perspective within this study, the most suitable qualitative 

method for this study was chosen, which is the thematic analysis.  

According to Braun and Clarke (2006, p. 78) the thematic analysis method is considered 

as a ‘foundational method for qualitative analysis’. Furthermore, it is a systematic 

approach consisting of different benefits, for instance, its flexibility since it is not bound 

to a specific research methodology or philosophical stance (Braun & Clarke, 2006; 

Saunders et al., 2016). In addition, by following the later described analysis steps, the 

method does not require a high level of expertise in qualitative research (Braun & Clarke, 

2006). 

Braun and Clarke (2006) further emphasise that the nature of the method makes it possible 

to manage the complex structure and high amount of collected data. Thus, the 

summarization of data enables the identification of themes embedded in the data (Braun 

& Clarke, 2006). This means that researchers identify similarities and discrepancies 

within the collected data (Braun & Clarke, 2006).  

The flexibility in this technique sets the stage for applying this method to the abductive 

research approach of this study. The thematic analysis in combination with the 

epistemology of this study engaged constructionism puts the focus on the social cultural 

and structural context individuals are operating in (Braun & Clarke, 2006). Hence, it is 

applicable for this study since the truth of each individual is included. 

By applying this method it was possible to evolve and develop explanations and theories 

for answering the research questions (Saunders et al., 2016). This was achieved by 

analysing the data, mainly looking for themes or patterns stemming from the collected 

qualitative data (Braun & Clarke, 2006). During the data analysis, a certain guideline 

proposed by Braun and Clarke (2006) was followed, which can be seen in Table 5. 

However, this was not a linear process but rather a process of going back and forth 
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between already analysed and new generated data, and a further refinement of evolved 

codes, categories, and themes (Saunders et al., 2016).  

Table 5: Thematic Data Analysis Steps adapted from Braun & Clarke (2006) 

Analysis Steps Description 

Step 1 Data Familiarization 

Step 2 Initial Coding 

Step 3 Theme Search 

Step 4 Theme Revision 

Step 5 Theme Definition 

Step 6 Report Preparation  

Report of Thematic Data Analysis  

The developed steps by Braun and Clarke (2006) functioned as a guideline in this thesis. 

The first step, the familiarization with data, set the stage for the later following analysis 

and development of themes. By composing and reading the transcripts of the semi-

structured interviews a deep understanding was developed. This was crucial for the 

following step since first ideas evolved.  

In the second step, initial codes were identified from the data set. It is important to decide 

whether codes stem from the collected data, the participant (in vivo), the researcher or 

theory (a priori) (Braun & Clarke, 2006). During the analysis, the initial codes mainly 

stemmed from the collected data of the conducted interviews. However, the prior 

conducted literature review and gained understanding guided the researchers to determine 

the significance of a statement. Furthermore, the emotional dimension of a statement was 

considered during coding, as the impact of a shortage has a serious influence on the 

interviewees involved. The researcher created 225 initial codes. Further, the data set 

should be coded completely for the following theme identification and analysis (Braun & 

Clarke, 2006). 

The third part included the identification of categories and themes embedded in data, 

bringing all data related to these codes together. By connecting the initial codes 56 

subcategories were created. During the review process, relationships, and connections 
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were identified. Therefore, categories evolved stemming from the subcategories flowing 

together in main themes. To further proceed with the thematic analysis, the review of 

predefined categories and themes was crucial. This was divided into two parts. In the first 

part, the relation of codes and themes were checked and if needed adjusted. In the second 

part, the identified categories and themes were tested by reviewing the complete data set. 

During this process visualisation was a useful tool for exemplifying the process. In the 

fifth and final part, the identified themes were defined and explained in detail (Braun & 

Clarke, 2006). In Figure 3 the general evolvement of a theme is described. 

 

Figure 3: The Evolvement of a Theme following Braun and Clarke (2006) 

Due to the signed confidentiality agreement, the initial codes are not displayed in the final 

presentation of themes. Thus, the roots are presented in main important subcategories, 

flowing into the emerged categories. During the analysis 18 categories have been 

identified building the base for the six main themes of this work which are all interrelated. 

The identified themes are Complexity, External Hurdles, Interdependencies, 

Transparency, Resilience Capabilities, and Cost Efficiency. In Figure 4 the identified 

main themes are displayed according to their evolvement. These themes are presented in 

detail in the subsequent chapter, creating the foundation for the later presentation of 

relationships and meaning of each theme. The empirical findings and literature review 

were analysed conjointly to answer the research questions. 
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Figure 4: Structure Thematic Analysis (Own Creation) 
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4 Findings 
______________________________________________________________________ 

In this chapter, the main themes are presented in detail which emerged from the thematic 

analysis. The presentation follows the flow of the displayed structure in Figure 4. The 

themes are Complexity, External Hurdles, Interdependencies, Transparency, Resilience 

Capabilities, and Cost Efficiency. 

______________________________________________________________________ 

4.1 Complexity  

The main theme Complexity was identified. To fully understand this theme, the product 

characteristics will be the starting point setting the foundation for this theme. 

4.1.1 Product Characteristics 

The production process of a pharmaceutical product highly influences the complexity 

within SCNR. The elemental structure of the medicine and how it takes effect sets the 

foundation for the complex production having a high number of involved production steps 

and different manufacturers.  

‘So that is a crucial point because a lot of intermediate companies were involved 

in this process. That makes it complicated, really complicated.’  

The characteristic that further enhances the complexity especially in production, is the 

required high level of purity of heparin to make sure that the product can be used safely 

for treatments. 

‘I think the main challenges, you know from what I've heard, is just making sure 

that the crude is really what it should be, right. That you don't have any contaminants in 

the crude. Anybody putting anything in there that really shouldn't be in there.’  

However, the long production time is another major driver for the product complexity.  

 ’Another driver is obviously the time of production. Because if you have long 

time of production and we are discussing about around nine months of production cycle, 

you cannot change your production. If there is an increasing demand, it is impossible 

[…].’  
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Furthermore, the source of pharmaceutical product is increasing the complexity in 

production. In case of heparin, the raw material is derived from swine intestine (swine 

mucosa), generating a dependency to one specific living animal. Other sources such as 

synthetically produced heparin do not represent a practical alternative due to limited 

availability and high pricing.  

‘Exactly, there is synthetically produced heparin, so as it would not have occurred 

to anyone to look for a solution to no longer be dependent on the animals. It is also used, 

sporadically in patients, but it is not comparable. It is still much too expensive.’ 

In relation to the application of the pharmaceutical product and patient, the product 

complexity is apparent in the patients’ individual response to heparin. Varying the 

required dosage between two different types of heparin as well as substitution drives the 

product complexity due to a long changing processes. 

‘ that […]  And therefore, the changing between two different types of heparin

requires a very big and very stannous and very detailed transfer SOP and really ways to 

strategies move from one to the other due to different ways of obviously blood thinning 

clinics. That's very important because you may only need X units of a heparin  in different

treatment versus somebody else needed less units ]…[during your .’ 

Building upon the patient’s individual response, the sourcing complexity is increased due 

to the lack of standardised usage of heparin type which is strongly correlated to the 

doctor’s individual preference and country specific guidelines. 

 ’We're trying to find a way to standardise country to country for the best 

outcomes for patients, but that has to start with the docs getting on board and they say 

this is the product we should purchase which will then give us the scale, because 

unfortunately right now we're very fragmented.’ 

‘Okay, so and the other thing that make things even more complex is that certain 

countries may have guidelines on how much and what to use for this type of […] patients.’ 
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4.1.2 Network and Organisational Structure  

The fragmentation can further be identified in the network structure by having a high 

number of involved countries and actors across the globe establishing a complex network 

structure that must be managed. In this regard, the uniqueness of each challenge which 

can occur increases the complexity and affects the networks’ resilience capabilities.  

‘It is making the resiliency more difficult when you have more different players in 

the game. Then you have to start with all the contractual issues, you have to consider 

every potential risk, every potential problem and how you would like to solve this.’  

‘I think that every situation is different so you can't say that however, how our 

network is structured determines how we're going to be resilient on a certain issue. 

Because every issue kind of has its own demons really and you have to tackle it from 

different angles.’  

The centralised and local operations of the focal firm drives the challenge to manage a 

disruption due to the company’s fragmentation in the network. 

‘We are facing a lot of problems regarding guarantees of deliveries […] or when 

problems exist, risks occur. How to manage this? This is quite difficult because we are 

very centrally, organised as a company.’  

4.2 External Hurdles 

The theme External Hurdles describes external drivers and barriers for SCNR in the 

pharmaceutical industry. Laws and regulations, general market environment including 

demand fluctuations and disruptions as well as quality and compliance insurance emerged 

as categories.  

4.2.1 Laws and Regulations 

Due to the company’s operations in different countries across the globe, the supply 

network must deal with different rules and laws within the countries, creating complex 

and non-standardised supply chains. 

‘The problem in Europe is actually, this makes it very difficult or in EMEA region 

to organise this centrally is that in all countries there are other legal situations, 
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regulations and you have to comply with these regulations and the supply chain is 

differently build up in some countries.’  

Especially, purchase regulations and having the country specific language on the label of 

a medicine create an external barrier in a supply network, making it more complex and 

adding constraints on the resilience capabilities. 

‘First of all, you have mono labels always on medication, so that means you would 

need to label with [Country x] language, so we look for countries […], where it's excepted 

from the [Country x] government.’ 

However, before medicines can be supplied into a country the manufacturer is required 

to hold onto a marketing authorization issued by the individual government. This affects 

the general market environment of a network by influencing the availability of 

manufacturer in different markets.  

‘We looked for a central supply with two companies and the problem is, in many 

cases that some countries cannot be delivered from the one or other supplier because they 

[…] have no marketing authorization, for example or the business is so small that nobody 

was interested to do something there.’  

Due to a high level of involved bureaucracy and costs this marketing authorization 

process is a lengthy process bringing the cost-value ratio into the center of attention. 

‘We have [Manufacturer Name], which is also a manufacturer of [Product C], but 

the product is not approved in all countries, and that has extremely large costs, so it's a 

huge effort to get such medicine approved in countries.’  

4.2.2 Market Environment 

The market environment is an external hurdle impacting the SCNR. The currency market 

represents another factor that influence and stress the SCN in being resilient and cost 

efficient simultaneously.  

‘Yes, I think it was the best solution for them, especially since [Country B] had even 

more problems, also with the weakening of [Country B]’s currency.’  

The fluctuating demand of a medicine represents a unpredictable external hurdle onto the 

SCN. With more human beings having access to healthcare and treatments, the general 
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global demand for heparin rises. Furthermore, the classification of heparin as a COVID-

19 medication early on the pandemic had different effects on different markets. 

building strategy from big hospitals as well  ythe inventor ,struggle, I meanThis ‘

.’rselves. Also somehow linked to demand explosion in the marketas ou  

Whereas in a different market the impact of the disruptive event (COVID-19 pandemic) 

was lower. 

‘We thought it would be a pretty dire situation because of COVID-19. But a lot of 

surgeries were cancelled. So, you know not a lot of people were going into elective or 

surgeries […]. Because of that it actually provided us more heparin supply than we 

anticipated. Pushing off, you know, the disruption.’  

Furthermore, manufacturers were obligated to hold back certain amounts of heparin to be 

prepared for a higher impact of COVID-19 treatments putting constraints on the 

availability in the market. Additional influences are a change in production planning 

determining the availability of heparin. One supplier decided to completely leave the 

market due to profitability issues, establishing a lack of supply in a country.  

‘They decided for business or otherwise reasons not to produce certain heparin 

types like such as [Product C] and […] produced other types, such as low molecular 

weight heparin and those reasons are oftentimes on mainly related to more profits.’  

In addition, the variability of demand in correlation to the long production time poses 

another major challenge.  

‘So basically the issue is between the variability of the time of demand and the 

variability of the time to arrange the offer. Well you know, the demand varies much faster. 

Then […] we are stuck to nine months period, that I was talking to you before.’ 

However, the increasing number of patients further intensifies the challenge. 

‘Ok, the most important change is the more the world is moving to universal health 

care, the more patient go to treatments, the more the demand increases.’ 
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4.2.3 Compliance and Quality Insurance Influence 

The manufacturer within the network faces further key challenges regarding compliance 

and quality insurance in production having downstream effects on the resiliency. Since 

the legal manufacturer bears the responsibility for the product and patient, high quality 

requirements exist within the production. Thus, the legal marketing authorization holder 

is obligated to audit the involved actors to ensure quality. 

‘When you sell a product, you not only sell the product or you not only treat a 

patient, you also have as a company other responsibility's and sustainability and 

compliance are key today.’  

However, lack of trust and proof due to missing transparency within the manufacturing 

process raises quality concerns for the marketing authorization holder driving them to 

take the product out of the market. Furthermore, a risk of reputation damage in case of 

quality issues challenges the marketing authorization holder.  

‘But regarding the uncertainty we have with China and all those various Chinese 

manufacturers, we say okay for safety reasons we have to stop, not from product safety 

reasons, but it could happen that there will be product safety issue and this could lead to 

a major damage in our reputation also.’  

4.3 Interdependencies  

The theme Interdependencies emerged within the pharmaceutical SCN in regards to 

resilience capabilities. The ethical obligation describes the dependency between the 

patient and industry, which is not related to the empirical flows within a SCN. However, 

creating a layer in which each involved actor in pharmaceutical industry is embedded.  

4.3.1 Ethical Obligation 

Within the pharmaceutical SCN, the treatment of patients creates the final step 

establishing an urgency and interdependency between SCN actors and the patient. Thus, 

for the workforce of the focal firm an ethical obligation exists to ensure a resilient supply 

chain as human lives depend on it.  

‘[…] I know this is long winded but it's more crucial for [Case Company] because 

we are servicing our patients directly, you know. And so I think that there is an ethical 
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obligation there. To make sure that we are doing everything we can to ensure our supply 

chain.’ 

In this regard, the internal compulsion of the involved human beings is identified as a 

driver and influencing the resilience capabilities.  

‘For me, the most stressful thing was that if I don't find a new one, because I thought 

if this is the situation you imagine there are no suppliers, I thought what happenes with 

the patient and the treatment. It was very difficult.’ 

External hurdles such as laws and regulation function as an external compulsion to ensure 

safe and guaranteed supply to fulfil the ethical obligation.  

‘So therefore, it is also very important to be on the safe side, that you follow the 

procedures, and you have these regulations and in pharmaceutical business it is even 

more important because it's about the life of patients to be very strict here.’  

Furthermore, the external compulsion coming from the market environment influences 

the internal compulsion by being forced to find ad hoc solutions. 

‘This leads to the problem that countries like [Country x] simply had no sources of 

heparin at all. They then had to import heparin via detours, then via [Country Y], do 

complicated things and come up with something because they simply had no other 

option.’  

Furthermore, players who supply the market with products also bear a responsibility.  

‘You know it's very difficult to reallocate, but you have the public responsibility. 

Imagine what happens in some of our markets, when our main competitor […]. They left 

some of our market. So, […] within a very short time, you have to ensure their publicans 

role into the market. Okay, whatever your profitability situation is, in that case you have 

a patient in your heart and for me that’s one. You make sure that you drive the market, 

but that means that you have to take this allocation from somewhere else.’ 

Driven by external compulsion, the internal compulsion highly impacts the ethical 

obligation creating the backbone of the pharmaceutical industry to ensure supply no 

matter what. 
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4.3.2 Network Dependencies 

Within the pharmaceutical SCN different actors exist impacting the networks’ ability to 

be resilient. The evolving dependencies between the actors exist due to high investment 

cost and the lack of self-production causing a lack of flexibility to respond. Furthermore, 

the resilience capabilities depend on the business unit or areas a company operates in and 

can differ even among one company.  

‘We are delivering the whole supply chain from A to Z for the patient when it comes 

to the treatment and therefore, we are more resilient in managing this. But when it comes 

to other business areas, like pharma, where we have dependencies to other companies, 

then we have less resilience because it is not so flexible when you work with so many 

partners on the one side.’ 

‘They have to look for companies doing the different services for us because we 

cannot fulfil it by ourselves or it would mean a lot of investment to do that.’ 

The give and take in relationships between the actors mostly have a downstream effect 

along the chain starting by the manufacturer. Thus, an increasing dependency towards the 

upstream actors exist including the flow of information.  

‘That they actually communicated to us, so we knew kind of what the market was 

going to look like and how they were managing their cost. Because however they manage 

their costs, it is going to impact us, right? Coz it has that downstream effect.’  

In this regard, the availability and number of manufacturers in the market further shapes 

dependencies within the upstream of a supply network. Having sometimes only one 

manufacturer for a certain product in place creates not only a dependent relationship, but 

it also further generates investments for quality insurance.  

‘[…] to set up all the processes, to set up everything with this manufacturer, but 

later also to manage this manufacturer and to monitor and audit the manufacturer is also 

very important. This is a lot of work we have and you are dependent normally to one 

manufacturing. This is always a question of how much you will invest and how much 

dependency you want to have with this manufacturer.’  

However, dependencies occur even further up the chain. Being depended to the API 

coming from swine intestine a raw material dependency exists. The identified sourcing 
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dependency towards a specific region amplifies the prior mentioned dependency to swine 

intestine. This dependency became visible and perceptible after an outbreak of the ASFV, 

limiting the amount of raw material and putting constraints on the SCN from the starting 

point of production.  

‘So, what we found out that is highly contagious and deadly disease. It's so 

contagious that this actual virus that kills pigs and really limits swine production.’  

A dependency between manufacturer and farmer exists in regards of the ASFV. To avoid 

a shortage of APIs by an outbreak of ASFV, the farmers geographical location is 

important and ideally spread around the globe.  

‘Say we've learned a lot due to COVID-19 to our supply chain in general, right? I 

think it's always rising to be heavily dependent on China and this swine population, just 

not as much. You know where 80% of the Heparin was coming from China before or even 

higher than that, you know, because of the population there and now we're starting to see 

farmers outside of China.’  

However, not only the geographical region play a major role in the souring dependency 

to a certain raw material. The cost factor further reinforces this dependency.  

  ‘I think that is important to understand, the marginal cost of growing the next 

pig is high, so when demand increase, the marginal cost, the marginal complexity is more 

complex. So, we were bound to supply tension.’ 

Thus, to loosen sourcing dependencies a diversification of API sourcing is key to enhance 

flexibility and resilience capabilities. However, the perception of the dependency plays a 

key role in managing and handling this challenge.  

‘And because of the issues we've seen happen with COVID-19, so we're not seeing 

that just for heparin API. We're seeing that across a lot of molecules that manufacturers 

are starting to realise we can't just be depending on, you know, on one region.’  
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4.4 Transparency  

The main theme of Transparency was identified which is embedded in the pharmaceutical 

SCN. It concerns the general disclosure of the supply chain as well as collaboration and 

communication between SCN actorsm impacting resilience. 

4.4.1 Disclosure of Supply Chain 

The disclosure of supply chain concerns the upstream part and its involved actors. 

Visibility is needed to comply with quality standards which is important to ensure high 

product quality for the patients’ treatment. The ethical obligation towards patients is a 

fundamental driver. 

‘So, I think the main challenges is getting suppliers to be transparent.’ 

’Because they don't necessarily want to give visibility[…] however, we have to have 

that visibility because our patients are number one and we need to make sure that our 

patients are getting the purest product.’ 

It is essential to have transparency along the whole upstream supply chain steps and actors 

to establish trustful relationships between focal firm and suppliers.  

‘[…] before I think everybody else just looked at risk diversification from a finished 

dosage standpoint, right? Not from crude to API all the way to finished dosage. So, that's 

what we do now. We understand where those manufacturers are located, how are they 

producing the product and do we want to partner with them […]. Are they somebody you 

can trust? Coz, trust is a big thing in the supply chain.’ 

In case of heparin legal manufacturer face difficulties since they do not have the necessary 

visibility of all actors being involved in the upstream. The lack of transparency and trust 

resulted in, for instance, the exit of one manufacturer.  

‘The issue really is that when you go back to the first step in China, there are so 

many companies involved that you really lose track […]. You have to make sure that you 

have the access to all of these companies. It is sometimes not very easy to see all the 

production sites, which are responsible for the production of the heparin.’ 

‘[…] we have really to stop, sell the final products, and leave the marketplace.’ 
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4.4.2 Collaboration 

Transparency between actors is the foundation for effective collaboration and 

establishment of close partnerships. These are essential to build a resilient SCN.  

‘One of the biggest mitigation strategies is indeed to be very close to the 

suppliers[…] that you're that you depend on.’ 

‘[…] and that's why procurement is so important because you need those bodies to 

go out there and build a relationship and get this information right.’ 

‘I think it is important to work with openness and transparency and to see also for 

both sides, that both sides have an advantage to work together and this is, from my point 

of view, the best way. It is not about the power of one over another, but rather to work 

together.’ 

In a closer partnership it is key to create value for all involved partners and power play 

between partners should not be in focus. In that way, common targets can be followed 

and trust can be established. 

‘[…] it's not possible that one supplier tell us how many units we need to buy.’ 

‘Power or not, I think it is important to have a good basis with your partners, like 

I said before. In the end, it is a win-win-situation for both sides, because otherwise it 

would not be necessary to make business with your partner.’ 

Especially in crisis times or in case of disruptions, it enhances response and recovery 

capabilities. Since actors are in in close contact and share any potential disruption 

situations early. 

‘I think that it’s really worthy in a crisis situation, when you know you have a 

partner by your side, who can master crises and who will not abandon you.’ 

Apart from the collaboration with external partners, also the internal collaboration of 

actors in the focal firm is essential. It was identified that some countries had an early 

notification regarding the shortage situation of heparin due to their close relationship with 

their suppliers. However, due to the network fragmentation this information was not 

shared with others leading to different response and recovery abilities of countries.  
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‘So, local markets have their local businesses and what I generally see is that 

transparency is lacking. Some great ideas from one country could be also very useful for 

others, but they don’t have enough resources nor time to share this. So, I think there is a 

lack of information sharing between countries.’  

Therefore, information sharing is also essential internally in the context of resiliency. In 

that way, knowledge sharing is enabled since countries/actors can learn from each other, 

for instance, Country B managed the heparin crisis due to their close collaboration with 

suppliers.  

‘You have to look […], although the reimbursement level is very low in [Country 

B] and they have to look for the cheapest price, they are managing in a very good way, 

because they have good partnerships. So, we can learn from them.’ 

In that aspect, certain cultural influences became apparent which might influence these 

partnerships as well.  

‘I think this was, because of the close communication and this is really cool in the 

market in [Country B]. Although every company is professional, we have some sort of 

emotional dependency. […] it's like, you have done good to me, then I have to do 

something for you.’ 

Nevertheless, it was identified that the establishment of closer relationships, including 

transparency and trust, is crucial for SCNR.  

‘So, in order to be resilient, you have to build relationships. You have to get people 

to talk to you and to trust you.’ 

4.4.3 Communication 

The next category, communication between actors goes hand in hand with close 

partnerships enhancing resilience capabilities. In Country C the lack of frequent 

communication and close partnership led to the consequence that the case company was 

forced to find a new supplier on a very short notice during the heparin crisis.  

‘[Country C], for example, found this out. [Supplier B] simply said: OK, we won't 

deliver any more […] from one day to the next. There was no information about why.’ 
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In order to build SCNR the frequent information exchange with the suppliers play a vital 

role as well. This was recognized by Country B as the early notification by suppliers 

enabled effective proactive measurements.  

‘Yeah, we also really care about the communication with the supplier. Because we 

were more aware than the headquarters regarding this crisis, because we have a really 

good connection and communication with the vendor […]. They just give you the red flag 

beforehand.’ 

‘So, we were aware that the crisis was coming […]. When the crisis was announced 

by headquarters, we already had built like six months inventories in [Country B] […], 

thanks to the vendor.’ 

‘[…] act to the situation in transparency, this is very important that you are early 

in discussion with both partners. All parties are open and bring the things on the table, 

the issues […] that's my point of view. It’s very important that this is very elastic.’ 

Simultanousely, it needs to be critically evaluated what information is shared with which 

stakeholders due to potential negative effects, for instance, panic buying in the 

downstream of the supply chain. 

‘[…] but when you announce that you are short on one product it has often the 

opposite effect. People don't look to their own distribution centre and say actually, I've 

enough in stock. I don't need much more, […] but often, unfortunately, they act in the 

opposite way. They want to get more and more and more.’ 

‘I think to suppliers its really important that it is like open book. Yeah, that you 

share information as quickly as possible. […] we need always to be careful about what 

to be communicated. Of course we tried to share as much as possible but, as explained 

before, sometimes it is not for certain advantage if you communicate too much. Yeah, so 

there are two sides of the coin.’ 

Nevertheless, focusing on the upstream of the SCN transparency and information sharing 

is crucial to build resilience. 

‘Yes, in any case, I expect from the supplier that if he sees problems, he will also 

communicate them to me in advance.’ 
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Besides, external communication, also internal communication needs to be addressed. 

Effective bottom-up and top-down communication enhances transparency in the network 

which is hindered by the local fragmentation and complex structure of the case company. 

‘And this means that you need good communication towards the countries, but on 

the other side, also from the countries to the headquarter and also collaboration.’ 

‘But as we do not have this communication or collaboration […] the information is 

not flowing from one side to the other end. This is actually also a problem of the very 

complex structures in this company.’ 

Although regulations differ in countries, the knowledge exchange is key to find future 

solutions and build SCNR.  

‘Because the solution what you have in one country is not fitting to the other, but 

the only way you can manage and learn from each other is actually to talk about.’ 

4.5 Resilience Capabilities 

The main theme Resilience Capabilities was identified which creates the foundation of a 

resilient SCN. It includes capabilities on the level of people, firms, and networks. 

4.5.1 Awareness & Resistance 

In order to explore resilience capabilities the intrinsic awareness and resistance sets the 

starting point. It starts by each individual employee of a firm and ends by the holistic view 

of the SCN. It was identified that each perspective matters in the context of the overall 

SCNR.  

‘I think the resilience is also a question of people. So if people build up a good team 

then you are more resilient to the situation. I believe that, and therefore it's not only 

internally but also with our contract partners, so that we have a good basis and good 

teamwork so that we can find a good solution.’  

Collaboration between different actors within the network is an enabler to raise awareness 

along the network. Simultaneously, a lack of awareness from individuals has a gradual 

impact to the whole SCN and its resilience capabilities. In that context each problem is 

viewed and solved solely without having the aspect of resilience in mind.  
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‘I think it is not so in focus. I think people do not think it is very important.[…] it is 

always to find a solution for a specific problem. You do not think about the supply chain 

network and how to be resilient or more resilient. It is more to solve those specific 

problems. So for example, I need a faster delivery and what can I do, whom can I contact 

and how can we manage this problem […] But you do not have this topic resilience in 

mind.’ 

In fact, among the interview participants different opinions were identified regarding the 

current resilience capabilities of the focal firm. On the one hand, some stated that the 

focal firm is considerably resilient. These participants were all referring to 

products/business unites manufactured by the focal firm itself.  

‘Actually, we are quite resilient, because we could deliver last year everything to 

all patients.’ 

On the other hand, some said that there is neither resilience awareness nor capabilities. 

Participants were referring to pharmaceuticals, for instance, heparin which are procured 

from external suppliers.  

‘There is not yet much awareness of this.’ 

‘Before the pandemic, zero […] I mean very little.’ 

Generally, the lack of awareness also leads to a certain degree of resistance towards 

resilience. In that case potential risks are underestimated or ignored. 

‘The others were not facing any problems, so this was very difficult to discuss with 

the countries about a not existing problem.’ 

The resistance towards resilience has its origin in the general resistance towards change. 

As people used to work successfully in certain ways for a long time the resistance towards 

change increases simultaneously. 

‘Okay, here's how we look at supply chain in 1980, but because of technology and 

the Internet and how information is shared globally, this is what it looks like in 2021 all 

the way up to 2030, right? But unfortunately, a lot of people are stuck in that old mindset, 

I think.’  

This resistance acts as a major barrier on the resilience awareness of individuals, hence 

also of the whole SCN. However, the level of awareness differs among involved actors. 
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‘Yeah, getting out our old way, I think is going to be really important, right? I think 

that the barriers include people who might be stuck in old way, you know, and 

unfortunately we do have a lot of people you know who are comfortable with status quo, 

right? We've been doing this for 20 years. Let's continue doing this, but that's not good.’  

4.5.2 Proactiveness  

Another important resilience capability is proactiveness enabling preparation for 

disruptions to decrease the impact on the SCN. In order to fully utilize resiliency of a 

SCN proactive and reactive measurements needs to be taken. However, reactiveness or 

ad hoc reactions predominate resulting in inefficient resilience capabilities of SCNs.  

‘Yeah, so I think in order to be resilient you got to get ahead of it, and you can't be 

reactive. You have to be proactive in your supply chain management and then you know, 

unfortunately, you see a lot of reactiveness in a lot of organisations.’ 

In order to effectively prepare for supply chain disruptions proactiveness is a key enabler. 

Through being proactive, supply chain risks may be evaluated before they actually happen 

which enhances the ability of a company or network to reduce its supply chain 

vulnerability.  

‘The point is that we should not wait until something happens, but maybe be more 

aware of the risk situations. So before or previously, in order to have a solution when it 

happens and not running behind something all the time and this is actually what we're 

doing.’  

This can be realised by following a collaboration approach among actors within the SCN. 

‘I think we need to have collaboration sessions where we're talking about those 

things. […] Because like I mentioned earlier, you have to be proactive, right? […] So 

100%. Yes, we need to get together and start talking about it, even if it's speculation.’ 
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4.5.3 Agility & Flexibility 

The regulated environment of the pharmaceutical industry is one major characteristic that 

influences the ability to act flexible. Especially in case of a disruption flexibility can be 

crucial to enable a fast response and ensure medicine for patients, hence potentially save 

their lives.  

‘Yeah, the biggest problem is taking the pragmatic decisions in a such regulated 

environment and having such a regulated compliance around you as well and still look 

at the patients and then try to save their lives or in this case to support our nurses in the 

countries and this is sometimes very difficult.’ 

Nevertheless, different entities within the network of the case company set an example 

by acting agile and flexible within their own market.  

‘Although the situation is very difficult they are managing it in a very good way and 

they have good partnerships, so we can learn from them. Actually, for other countries 

also and they are very agile in their own market.’  

4.5.4 Management Strategy 

In order to build SCNR an appropriate management strategy needs to be applied which 

includes risk assessments and mitigation strategies for disruptions.  

‘Of course, in a perfect world, I would have a plan for each type of crisis in my 

desk.’ 

Thus, the aspect of a mitigation strategy is treated as a rather ad hoc reaction by the 

company.  

‘It's more like ad hoc, so this was my impression. […] in general how countries are 

managing their supply of drugs.’ 

The local fragmentation hinders a solution development for the whole SCN. In that way, 

problems are solved individually by each local entity. 

‘The acute situation was gone and then we were still working on a solution which 

was then solved locally, and this was the problem. We should be more prepared, and this 

preparedness is not there, so this is the problem.’ 
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In order to develop an effective mitigation strategy, the establishment of a close 

collaboration between actors is key enabler which includes alignment of targets.  

one of the biggest aspects is indeed to be very close to the  ,‘The mitigation strategy

.’suppliers  

‘They will do what they find important to do for themselves, but it is very important 

to align targets also to move faster. This is something I miss from my point of view.’ 

Another important aspect are standardised approaches and transparency. A lack of a 

standardized mitigation strategy and collaboration leads to ad hoc and not coherent 

responses. 

‘To be completely frank with you. There's nothing written down. There's no SOP. 

There's no guideline or standard, you know, and that's probably not best in class. That's 

probably something that we should do.’ 

‘To be resilient you have to be cohesive and we're not cohesive globally, we are 

working on it. But it's not easy.’ 

4.5.5 Management Tools 

Risk management is an important capability to assess risks and establish processes to 

communicate and mitigate these. Hence, it is essential for the core business or other 

important business units.  

‘We don't have risk management for medical or pharma, but we do have a risk 

management when it comes to security like IT.’ 

Since there is no risk management department for the pharma unit it was identified as a 

negative factor on the resilience capabilities. 

‘So the only topic […] is this risk management. Someone who says: Attention, we 

have to be careful here […]. We always say that we look into a crystal ball, but we don't 

see anything. But we also don't have the possibilities to see anything, so we have a tool 

here and there where we get something displayed, but nothing that always proactively 

reports difficulties or risks to us.’  
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‘Unfortunately, we don't have any tools in our company, no real risk management 

that shows us when we can expect problems and in which areas. Maybe that would be a 

possibility that could be established.’ 

Therefore, potential risks were not communicated and shared within the network resulting 

in different resilience capabilities in the SCN. The same applies to potential mitigation 

strategies. The general fragmentation of the network further intensified this development. 

In order to mitigate a shortage situation different actors used contract clauses to include 

supply guarantees and cost containment. Hereby, a close collaboration between actors is 

decisive. 

‘We are trying to do that by having good contracts. For example, if you're buying 

directly from manufacturer, we try with the purchasing department to set up a good 

contract basis and to ensure contractually, that there are some guarantees in the delivery 

agreements included so that we have the guarantee of supply.’ 

‘Yeah, maybe even adding onto those contracts. A sort of a clause whereby 

suppliers would then need to deliver for three or five months minimum, so that there is 

always this two month stock to be able to mitigate any type of limitation.’ 

‘And they were able to supply with cost containment. So we put some supply 

guarantees in our contracts […]. So, if there were to be a shortage and [Supplier A] 

cannot provide to us, we can buy heparin at any inflationary price and [Supplier A]will 

have to cut us a cheque and make us hold for that.’ 

Additionally, the contract clauses increased information sharing regarding the origin of 

APIs. In this context, a geographical independency from China is important.  

‘And so they shared information with us that they have different suppliers around 

the world, not only China but also from other areas of the world. So, this was very 

important for us for the decision and in the contract, it was agreed they gave us guarantee 

of supply.’ 

Additionally, digitalization and technology were identified to be another enabler for 

increased collaboration and information sharing within the SCN enhancing resilience 

capabilities.  



 

56 

 

‘Let's say it like that, there is room for improvement as always and I think there is 

also a lot of technology which can help for this improvement. Meaning software for 

sharing information and data […].We are currently working with […]. This is a good 

choice for forecasting on an operational level, but not for collaboration. SAP has now 

developed a new platform which is called integrated business planning and will be 

enrolled […] in the future. This offers of course much more capabilities and I expect there 

is also in the future a boost regarding technology to share knowledge.’ 

4.5.6 Supply Chain Upstream Strategy 

Raw material availability is one key aspect in the context of shortages and mitigation 

strategies. From the supplier and manufacturer perspective it was identified that a 

comprehensive risk mapping is in place including cyber security risks and procurement 

risks. 

‘So we have at the board level a risk committee and we map our risks across the 

board. Okay, you know, from cyber security to obviously procurement. Okay, so all this 

is quite well mapped.’ 

In case of the heparin supply, a strategic supplier mapping is used to assess the market 

environment and dynamics.  

‘They do a very strong scanning and a very strong strategic mapping of all suppliers 

in the market and that the whole time we […] to make sure the whole time we supply 

heparins. So, there is an extremely proactive process, to make sure that at all time we 

understand the market.’ 

Nevertheless, it was acknowledged that there will always be a risk for supply disruptions 

and shortage situations. The heparin crisis and COVID-19 pandemic were identified to 

be the wake-up call to rethink and integrate resilience. 

‘We are […] prepared but we can also face supply issues, so we also recognise that 

these are complex products to make and in fact, you know, our policy to the government 

is to make sure to diversified the supply, but there is never a perfect supplier. What they 

can be is a kind of an optimal market with several supplier, that can supply each.’ 

‘So, recognising that, you know, supply chains can fail, we don't have perfect 

systems, but we need to find the balance, but there for everybody. The balance for 
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everybody, is the understanding the limits of each one of these systems. So, I would say 

that crisis and COVID-19 has been a strong element of rethinking.’ 

From the focal firm’s perspective the raw material availability can be done by applying 

certain clauses in the contract with suppliers as well as geographically independency from 

China.  

‘However, you can detail the manufacturing process and also the logistics process 

in a way that would allow you to have an alternative filling of heparin for example. So, 

that is another mitigation strategy that we were discussing. To have raw bold material or 

a certain months of material of heparin. Be basically exported from China in a very initial 

state, raw state […]. Then you already managed a lot to mitigate the possible back order 

or supply limitations from one single region or country […]. I think, that is something 

that we really wanted to move on, but we would not be able to do that, because we are 

not manufacturing heparin. We have discussed this with the suppliers and some of them 

are looking into that.’ 

It was identified that the huge global supplier base for heparin and local fragmentation of 

purchasing challenges the SCNR. 

‘For heparin alone, you know, we have 123 different suppliers globally. It's insane. 

It's because a lot of suppliers are local, right? So, their purchasing from potentially the 

same finish dosage or API manufacturer, but local negotiations are procuring it through 

different entities. So, that’s really a challenge to resiliency.’ 

On the one hand, local fragmentation enables flexibility of individual actors within the 

network which is an effective resilience capability. 

‘Some positive aspects […] because then you can better manage, for example, the 

local requirements so you can act faster.’ 

On the other hand, a rather centralized contractual solution for several countries creates 

more cohesiveness in the fragmented network.  

‘So, we would search for one supplier: reliable, trustworthy, and good quality. That 

would be then accepted by most countries and then that supplier would then undergo a 

supply framework agreement at a central level. However, due to the legal limitations the 
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countries would need to dock on this framework agreement and then do their own smaller 

agreements.’ 

‘Yes, well, it was, it should be a manufacturer that can supply as many countries in 

EMEA as possible, so for us that's more than 29 countries. It should be one that covers 

as many countries as possible.’ 

In this context, a back-up supplier is essential to ensure supply and strengthen resiliency. 

Another option is to have contracts with several suppliers to diversify supply, hence risks.  

‘From a management standpoint, we of course would be working to get a back-up 

supplier.’ 

‘I think actually that’s the best, if you have a two providers or three providers 

 strategies and that they have a share and then have tenders every year with the same

providers.’  

However, this idea bears also some challenges and might be contradicting with the 

strategy of suppliers.  

‘We would also have made the contract with two or three suppliers in order to 

pursue a dual-sourcing strategy. In the event that one supplier does not keep his word, 

but that is also difficult, because the suppliers say to themselves: I want to be the sole 

supplier in one country - so they don't want to share that either.’ 

It was identified that a collective and centralized solution is needed to build resiliency 

within the SCN.  

‘So we have local solutions to answer the problem, but what is missing is actually 

a solution coming from the headquarter and bringing all the different aspects of the 

countries together.’ 

4.6 Cost Efficiency 

Cost Efficiency is embedded within business strategies, hence also in the context of 

resiliency. As supply chain disruptions can lead to immensely increasing costs, the two 

dimensions of profitability and cost pressure were identified.  

‘But I mean, a supply shortage like that also goes hand in hand with a loss of sales.’ 
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4.6.1 Profitability 

The price range of different heparin products is broad. It was identified that for the focal 

firm often the price is the decisive factor for the supplier selection in case of heparin.  

‘So, the more important thing for us in general is the price, […] the technical aspect 

is 10% and economical is 90%.’ 

‘You know, […] we were not looking at profitability, so a lot of times were just 

looking at costs and were saying okay, this cost is lower. So, therefore let's buy heparin 

at this lower costs […]. But then my questions was: Well, what about the profitability 

though? What are you being reimbursed on for that skew?’ 

As the main focus was on the lowest price, other important aspects, for instance, supply 

guarantees became obsolete which negatively influences the resiliency.  

‘The point is in local markets when you only look for prices and when your target 

is to get the cheapest price, then this will have an effect on the contractor situation, 

because you cannot buy guarantees and supply delivery securities by paying the lowest 

price.’ 

Another issue is that only the product price is anticipated and not the total cost of 

ownership. 

‘So, the syringe of [Product A] is much more expensive if you compare with other 

low molecular weight heparin products, but you have to take into account that the 

process, i.e. how it is achieved is always different. In case of [Product A] you simply have 

the finished syringe that you can inject directly, while in the case of other low molecular 

weight product the nurse has to set it up first. […] and if you simply take this process into 

account in your TCO, you will realise relatively quickly that the products don't differ that 

much in terms of price.’ 

In order to improve decision-making, a total cost of ownership evaluation is needed to 

effectively assess profitability.  

‘So we need to be looking at everything more from the margin standpoint and 

profitability standpoint. Not necessarily just cost driven.’ 
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4.6.2 Cost Pressure 

In case of the heparin shortage situation there were extensive price inflations apparent 

which led to suppliers leaving the market as they would have had to sell the product below 

production costs. In this context price regulations from the government play an essential 

role as well.  

‘In some cases we have 200% price increases, which has led to products no longer 

being sold in some countries, i.e. not that they were not available, but they were simply 

not sold, because the manufacturers would have had to sell them below the production 

price, but they did not want to do that.’ 

In every country price for treatments are regulated by the government. Therefore, 

profitability became a huge issues due to increased production costs.  

‘So, there is a difference from one country to the other, and how governments are 

managing this and how prices are set and how big the price pressure is.’ 

‘For [Country B], I'm not hopeful on it because we also have some problems with 

the government regarding the reimbursement rate. In [Country B] we are using the same 

products like in Europe and we are giving exactly the same treatment, the same quality. 

But out of all countries in the world, [Country B] has the least reimbursement rate. Okay, 

this is like around 25 or 30 Euros per treatment in [Country B] and in [Country A] it is 

189 Euros.’ 

Therefore, negotiations about reimbursement rates with the government would enable a 

decrease of cost pressure and improve efficiency.  

‘So, this is actually the problem in some countries the reimbursement levels are so 

low that you can't sell a product below your production costs. This is not possible. 

Actually, in general this would be a very good point […] if prices increase because of 

whatever reason; why not to go into discussion with the government for higher 

reimbursement?’  
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5 Analysis 
______________________________________________________________________ 

This chapter presents the analysis of the empirical findings. Based on the abductive 

research approach, the empirical findings and existing literature were analysed 

conjointly. The main themes of the conducted thematic analysis set the foundation for 

answering this study’s research questions. 

______________________________________________________________________ 

5.1 Challenging SCNR in the Pharmaceutical Industry 

In order to understand how medicine shortages occur, it is inevitable to analyse the 

challenges of resilience in the pharmaceutical SCN and how these influence each other. 

The six identified themes together with the frame of literature form the basis for this 

analysis of the interrelationships and are displayed in Figure 5. 

 

Figure 5: Framework of Challenges affecting SCNR (Own Creation) 

The network approach states that businesses that are linked to each other create a network, 

in which the involved actors operate in (Håkansson & Snehota, 2006). It becomes 

apparent that this is applicable to the studied case of this work. The focal firm, the 

contractual suppliers, and the associated manufacturers create the upstream network, 

whereas clinics and patients form the downstream network. Furthermore, governments 

have been identified as a fundamental actor shaping the network. In this pharmaceutical 
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SCN the focal firm, supplier, and manufacturer represent the nodes, whereas the identified 

relationships and interdependencies between these actors form threads or linkages 

(Håkansson & Ford, 2002).  

Actors in the network not only shape and influence the company’s identity, but they also 

successively influence relationships in the network (Håkansson & Snehota, 1995). Hence, 

they form a web of social relationships impacting the evolvement of existing 

dependencies and relationships that are highly depended on trust and individual 

engagement. This dimension of the network approach is apparent in all identified themes. 

According to Lücker and Seifert (2017) resiliency must be integrated into the business 

operations within a SCN. Findings indicate that resilience capabilities of the focal firm 

depend on the respective business unit and dependencies to external suppliers. Resilience 

capabilities were established in business units of products without manufacturing 

dependencies of the focal firm to external suppliers. However, for products such as 

heparin, with dependencies to other actors resilience capabilities are weak. This is due to 

a lack of trust and collaboration. Underlying factor for this is the lack of resilience 

awareness. A lack of awareness within the focal firm influences its management strategy 

how to deal with risks and disruptions. Hence, the individual commitment and 

understanding impact resilience capabilities. 

The individual’s internal and external engagement in the network drives or hinders 

collaboration and communication between these actors (Håkansson & Snehota, 2006), 

hence impacting the required knowledge sharing. Playing a major role in the identified 

theme transparency, collaboration is a key driver for resilience capabilities in a network 

(Scholten et al., 2014). However, it became evident that this is challenged by the 

complexity composed by product characteristics and complex network structure in the 

pharmaceutical industry. Having a high number of involved actors in the upstream, and 

the fragmentation of the focal firm in different markets further drives the challenges to 

manage the web of nodes by adding more involved actors to the network.  

To understand the synergies of the network, the focal firm must conduct risk assessments 

to disclose the potential risks affecting the SCN in the upstream. Those are accompanied 

by high costs challenging the required cost efficiency in the industry (Lawrence et al., 

2020). The operational risks demand fluctuations and price inflation in the 

pharmaceutical industry (Lawrence et al., 2020) fall into the identified theme of external 



 

63 

 

hurdles, posing challenges to SCNR. Other barriers identified in literature addressing 

demand fluctuations (Papalexi et al., 2020), the regulated environment and production 

(Papalexi et al., 2020) to ensure high quality products (Lawrence et al., 2020) are coherent 

with the findings in this work. However, it is important to add that the identified external 

hurdles act differently at the diverse nodes due to different regulations and laws. The 

fragmentation of the focal firm entails the involvement of the individual governments, 

who set the regulation shaping and influencing the pharmaceutical SCNR by forming a 

fundamental layer behind the network. In relation to the network approach, this theme 

sets the stage for the legal ties that connect the different actors (Håkansson & Snehota, 

1995). Patients buying behaviour for over-the-counter medicines as well as the fluctuating 

demand of medicine (Xu et al., 2020) pose a additional challenges for the pharmaceutical 

SCN to be resilient driving the general demand uncertainty. The high quality and label 

regulations, the required marketing authorization of the manufacturer enhance 

interdependencies in the SCN and challenge resilience capabilities by restricting 

flexibility. This flexibility is further limited in the sourcing strategy due to the high 

regulated environment, shaping the static environment pro- and reactive measurements 

must operate in. It further influences the existing relationships by posing a barrier to have 

integrated collaboration between the different countries due to different laws and 

regulations.  

The activity dimension is the heart of the network approach, describing interactions 

between actors creating a complex net of relationships (Håkansson & Snehota, 1995). 

The exchange processes generate interdependencies between the actors. Management of 

these interdependencies have an effect on the performance and is applicable to understand 

the synergies of resilience in SCNs (Håkansson & Snehota, 2006). Hence, 

interdependencies further play a major role impacting the SCNR. In this study, the 

dependencies between the case company and upstream actors exemplify the challenges 

that impact the SCNR on different levels. The identified complexity of the product in the 

pharmaceutical industry creates the foundation for existing dependencies.  

The characteristic of the pharmaceutical product sets the requirements towards the 

network regarding which kind of actors in the upstream are needed. Thus, creating the 

dependencies towards specific raw materials (APIs), hence challenging the SCNR by a 

lack of flexibility in production. Building upon this dependency, the long and complex 
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production cycles of pharmaceutical products have a significant influence on the SCNR. 

Further up, the literature stresses the sourcing dependency to a specific region, mainly 

low-cost countries (Lawrence et al., 2020). This kind of dependency towards a 

geographical region within sourcing poses a challenge towards resilience since an area-

wide disruption can stress the network due to the downstream effect perceptible in the 

heparin case. As stated in literature, resilient networks require an ensured supply of raw 

material to have an efficient procurement strategy (Kaur & Singh, 2020). However, the 

sourcing dependency to a raw material and geographical region makes the network 

vulnerable and challenges SCNR. Furthermore, the required marketing authorization for 

manufacturer imposed by the governments inhibits the focal firm to have a proactive 

resilient sourcing strategy by limiting the number of available manufacturers in the 

market. This creates a dependency between manufacturer and government; however, it 

has a downstream effect on the focal firm.  

How the relationships and interdependencies between actors are stressed exemplifies the 

contradiction of cost efficiency driving the focal firm and the price inflation (embedded 

in market environment) due to a lack of supply. Low profitability of manufacturing 

medicine drives manufacturer to take medicines out of the market breaking the 

relationship or the focal firm cannot bear the cost of increasing prices. Here the activities 

dimension of the network approach becomes apparent as well the overall cost pressure of 

the industry (Lücker & Seifert, 2017). Having the right counterpart as a partner in the 

network is essential and must be considered in the business strategy (Gadde et al., 2003). 

Due to the interdependency between focal firm and supplier, the resilience capabilities 

are challenged due to cost pressure and profitability in the industry. Resilience capabilities 

are impacted in the sense that greater importance is attached to profitability. This makes 

it more difficult to obtain delivery guarantees in contracts, which are usually associated 

with higher costs and represent management tools for resiliency.  

Nonetheless, a lack of trust, visibility and information sharing between the high number 

of actors in the SCN negatively impacts the resilience capabilities due to missing 

collaboration and understanding of network synergies (Datta et al., 2007; Kim et al., 

2015). According to Gadde et al. (2003), a self-centred view leads to inefficiencies. This 

is applicable towards the resilience in the upstream of pharmaceutical SCN. The 

fragmentation of the network due to business activities in different markets and the 
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complex production requires a high level of communication and collaboration both 

internally and externally. Since interdependencies evolve based on individual 

commitment (Håkansson & Snehota, 2006), the cornerstone for efficient external 

collaboration lies in actors willingness to share knowledge. In this work, it became 

evident that the resilience awareness challenges the SCNR due to the diverse impact of 

disruption towards the focal firm. Thus, a certain resistance must be bypassed, and a 

comprehensive understanding of the synergies in the upstream processes acquired to 

enhance efficient external collaboration, hence having transparent relationship in the 

network. The literature stresses the significance of information sharing and close 

collaboration for establishing resilience (Scholten & Schilder, 2015; Tukamuhabwa et al., 

2015), therefore, those capabilities are inevitable. However, the complexity of the 

upstream and fragmentation of the focal firm challenges transparency. As the network 

approach emphasises the individual commitment of each involved actor (Håkansson & 

Snehota, 1995), dependencies between all actors and end customers (patients) stress the 

ethical obligation to efficiently manage the complex set of activities. This ethical 

obligation creates a non-physical layer in which the industry is embedded shaping the 

context of the pharmaceutical SCN. 

In summary, the complex pharmaceutical industry faces different challenges that impact 

the SCNR. The complexity of the networks forms a great net of interdependencies which 

demand a high level of transparency to have an efficient collaboration within the complex 

network. The cost pressure challenges the interdependencies and the resilience 

capabilities by giving priority to profitability. By having the high regulated environment, 

the external hurdles challenge the resilience and poses barriers that must be overcome. 

However, the ethical obligation further challenges the actors to be resilient to ensure 

sufficient supply no matter what.  

5.2 Root-Causes of Heparin Sourcing Shortage 

The second question deals with the root-causes of the heparin sourcing shortage. In this 

context, six main causes for the heparin shortage were identified which are embedded in 

the six themes of the findings. The six main causes of the heparin shortage are categorised 

in: Product, Raw Material, Network, Supplier, Costs, and Regulations. In Figure 6 an 

Ishikawa Diagram of all identified root-causes can be found. It is a commonly used 
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management tool for root-cause-analysis, also called fishbone diagram which visualizes 

the underlying causes of a problem (Doggett, 2005).  

 

Figure 6: Heparin Shortage: An Ishikawa Diagram adapted from Doggett (2005) 

Complexity: Product & Raw Material 

The first main theme, Complexity concerns the causes in category Product and Raw 

Material. There are two different types of heparin in the market, UFH and LMWH, which 

are difficult to change during treatment of patients. Firstly, the dosage of medication is 

dependent on the patients’ needs. Secondly, it takes a long time and immense effort to 

process such change of medication; for each patient the correct equivalent dosage must 

be identified in slow steps. This shows the complexity of the product. These findings are 

coherent with existing literature in the sense, that it is referred to difficulties in terms of 

forecasting due to individual dosages (Acosta et al., 2019) as well as the lack of 

substitution being a root-cause (Zahiri et al., 2018). Further, unanticipated demand 

increases are included (Acosta et al., 2019; Griffith et al., 2012) which is also applicable 

in case of heparin. Based on the conducted analysis, it was identified that the demand 

increase originates partly from the general higher access to healthcare globally resulting 

in more patients. In terms of supply chain risks classification it refers to an operational 

risk affecting everyday supply chain activities (Lawrence et al., 2020; Sabouhi et al., 

2018). In this case, it firstly affected the supplier of the focal firm. Due to the long 

production process of heparin (roughly nine months) unanticipated demand fluctuations 

lead to disurptions thus, an accurate demand forecast is crucial to meet patient’s demand. 
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Therefore, the long production lead time accounts for another root-cause of the heparin 

sourcing shortage. This factor is coherent with findings of the study regarding 

pharmaceutical SCRES conducted by Yaroson et al. (2021). 

 si ,Furthermore, it was identified that the raw material, hence the source of heparin

ich characterised by complexity. Mostly it is derived from swine intestine (mucosa) wh

 represents also a high dependency to one animal and therefore, to the swine production.

the  ngibeing a common reason affectraw material was also identified the  ,In literature

.(Griffith et al., 2012) medicine supply  The high sourcing dependency is also embedded 

in the main theme of Interdependencies. 

Interdependencies: Raw Material, Network, & Supplier 

In literature one of the main root-causes of medicine shortages are sourcing dependencies 

for API and FPP, especially to emerging countries like China and India (Acosta et al., 

2019). Due to the outbreak of the ASFV in the swine production around 80 per cent of 

the swine were killed, resulting in a scarcity of swine intestine for the heparin production. 

At the same time, several farmers left the market due to the outbreak of ASFV which 

further intensified the market situation. Based on the supply chain risks classification in 

literature, the ASFV outbreak refers to a disruptive risk which is an externally driven risk 

affecting the SCN (Lawrence et al., 2020; Sabouhi et al., 2018). The sourcing dependency 

and strategy was identified as a root-cause for the heparin shortage. Depending on the 

country, only one supplier was contracted leading to new supplier search on a short notice 

for the case company. Countries with close relationships and effective communication 

were notified in advance about the upcoming crisis enabling proactive preparation 

measurements. However, this information was not shared globally within the network 

representing the weak SCNR.  

The Network is another root-cause category belonging to the theme Interdependencies. 

In this context, the local fragmentation and local supplier structure was identified to be 

another obstacle during the heparin crisis. Due to the fragmentated network structure no 

cohesive response was possible which led to country-individual reactions. Another 

important aspect is the lack of awareness from actors in the network. Based on the 

findings from this study, it was identified that resilience is also dependent on people and 

their awareness. Since people were not aware of the concept of resilience, their decision-

making was based on ad hoc problem solving without having a holistic mindset towards 
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resilience of the network. In existing literature the network structure is referred to be a 

common root-cause of medicine shortages as well as power relationships between actors 

(Acosta et al., 2019). The power play between actors was identified since price inflations 

from suppliers were extensive in some countries causing profitability issues for the case 

company. However, it is not transparent if these price increases were always equivalent 

to increased manufacturing costs from the crisis. This, as a matter of fact, refers back to 

the lack of trust and collaboration which leads to the next theme Transparency.  

Transparency: Network & Supplier 

The high number of actors, network fragmentation, and country specific processes 

hamper standardisation and transparency on a network level. Due to the fact that upstream 

processes lack transparency one manufacturer left the market. Their main concern was 

the high quality requirements of the product and necessary auditing of involved upstream 

actors. Due to the lack of trust and transparency towards the other upstream actors they 

decided to leave the market. The ethical obligation towards the patients is the driving 

factor. This is coherent with literature were product quality issues is a common cause for 

medicine shortages (Griffith et al., 2012). Another indirect influence was also the low 

profitability of the product. Furthermore, the aforementioned price inflation was another 

major force in the heparin crisis and caused profitability concerns for actors. This leads 

to the next root-cause category Costs and the theme of Cost Efficiency.  

Cost Efficiency: Costs 

The root-cause category of Costs was identified based on the findings regarding low 

reimbursement rates, price inflation, low profitability, and increased manufacturing costs. 

Due to the scarcity of heparin manufacturing costs increased which led to extensive price 

inflations. This resulted in profitability issues for other actors in the network. In countries 

with already low reimbursements rates the heparin supply situation was very tense. 

General cost related aspects are mentioned in literature, but are rather discussed at the 

surface. Nevertheless, the general low profitability of medicine is a common root-cause 

according to literature (Acosta et al., 2019), which also complies with the findings of this 

study. The aspect of reimbursement rates set by the government was a huge force 

identified in this study. However, in literature this is rarely discussed. Reimbursement 

levels do not only concerns the theme of Cost Efficiency but also External Hurdles.  
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External Hurdles: Regulations 

The last root-cause category of Regulations is embedded in the main theme of External 

Hurdles. One reason for the fragmented network structure are country specific 

regulations, for instance, the problem of mono-labels. This is an indirect root-cause as it 

influences the general regulatory environment which is an essential factor in the 

pharmaceutical industry. Another force was the lack of marketing authorization which 

influences the options regarding supplier selection. The marketing authorization refers to 

compliance and regulatory barriers. In existing literature regulations (Griffith et al., 2012) 

and other market-related issues are listed as causes for medicine shortages (Acosta et al., 

2019). Based on the abductive analysis it became evident that all identified root-causes 

and themes are somewhat related and influence each other. The findings further represent 

the resilience capabilities, which is the last theme of the thematic analysis. It refers to the 

network ability to respond and recover from disruptions in a cost-efficient and timely 

manner. Based on the thematic analysis there is little evidence in terms of resilience 

capabilities at the network level exemplified by the heparin crisis. Therefore, there is a 

need for action to build resiliency at the network level.  
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5.3 Mitigation of Future Heparin Sourcing Shortages 

In order to mitigate future heparin sourcing shortages, dependencies and relationships 

between focal firm and supplier are in focus. Based on the findings and conducted 

analysis the following framework in Figure 7 was developed.  

 

Figure 7: Mitigation Framework (Own Creation) 

It is broadly divided into hard and soft skills which need to be targeted simultaneously to 

create a state of equilibrium. This is driven by the underlying ethical obligation towards 

patients to ensure medicine (heparin) for their treatments which is the primary goal. These 

elements build the foundation for a resilient SCN. 

Regarding hard skills the following four dimensions were identified: Dual Sourcing, 

Geographical Independency, Contractual Agreements, and Alternative Raw Material. 

The dual sourcing approach refers to the sourcing strategy based on two suppliers in order 

to diversify risks which is also emphasised in literature (Jain & Hazra, 2017). Following 

this strategy, the sourcing capacities should be shared equally between both suppliers.  

The risk diversification reduces supply chain vulnerability towards disruptions, in this 

case, the scarcity of sourcing material. Thus, the reduction of vulnerability sets the 

foundation to build resilience capabilities. Regarding the supplier selection it should be 

considered to be geographical independent, hence manufacturer should be located in 

different regions. In this context, the API diversification is another aspect that needs to 

be considered. By sourcing API from different geographical regions the interdependency 

to one region, which is problematic in case of a regional disruption, is reduced. Since 80 

per cent of the heparin is sourced from China, other regions need to be considered, for 
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instance, Europe and Africa. Regarding the dimension of raw material, it should be 

considered to find alternatives, for instance, heparin derived from cattle in order to reduce 

the interdependency towards the swine production. All of these strategies lead to risk 

diversification, hence reduction of vulnerability and strengthen resilience. The last 

dimension of hard skills, contractual agreements, refers to certain clauses to ensure supply 

of heparin, for instance, by safety stock. This is coherent with findings of the study 

conducted by (2021). 

Furthermore, the contractual centralisation for heparin would extract complexity and 

fragmentation of the network. This means, that several countries are included in a 

contractual agreement with suppliers matching the approach think global, implement 

local. However, when implementing such an agreement the country specific regulations 

and marketing authorization of suppliers need to be considered. Nevertheless, the 

centralisation could also hamper flexibility capabilities of the network which could be a 

trade-off for resilience. Building upon this argument, the hard skills support and build 

resiliency to counteract future heparin sourcing shortages. Further, the matching soft skills 

need to be addressed since these are just as important. 

The following four soft skill dimensions were identified: Collaboration, Resilience 

Awareness, Information Sharing, and Transparency. These resilience capabilities are 

coherent with the conducted literature review of this thesis. The four key resilience 

strategies were identified: Network Structure (1), Flexibility (2), Agility (3), and 

Collaboration (4). 

The establishment of a close relationship between actors is a key enabler for SCNR and 

concerns the dimension of collaboration. Many scholars identified collaboration being 

important for resilience which accounts to both proactive and reactive strategies (Scholten 

& Schilder, 2015; Tukamuhabwa et al., 2015). A close partnership and creation of mutual 

targets for focal firm and supplier is essential to build a trustful relationship. 

Simultaneously, internal collaboration is enhanced by increased information and 

knowledge sharing. This could be done by setting up a risk management department being 

responsible for risk assessment of heparin (and other pharmaceuticals) and development 

of a cohesive and proactive mitigation strategy. This is coherent with existing literature 

as it belongs to the proactive resilience strategy of a risk management culture (Christopher 

& Peck, 2004; Sheffi & Rice, 2005). 
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The risk management department would enable information sharing between countries 

representatives of procurement and other relevant actors. In that way, the general 

resilience awareness would be raised which was identified to be essential as resilience is 

also a matter of people. Several scholars empathise awareness and information sharing as 

vital resilience capabilities belonging to the proactive strategies of risk management 

culture and knowledge management (Christopher & Peck, 2004; Scholten et al., 2014; 

Sheffi & Rice, 2005). These refer to the collaboration dimension and interaction between 

SCN actors, therefore risk management culture and awareness are key enabler for SCNR. 

This includes the proactive engagement of top management for transforming corporate 

risk culture (Scholten et al., 2014).  

These capabilities would also increase transparency representing a flexibility capability 

which is also an antecedent of supply chain agility. In literature is refers to a proactive 

and reactive resilience strategy (Datta et al., 2007; Longo & Ören, 2008). This was 

identified to be important and can be implemented by regular knowledge and information 

exchange in the network. Furthermore, this concerns the activities dimension of the 

network approach refering back to the mutual exchange between actors (Håkansson & 

Snehota, 2006). Digitalization and technology were identified to be future driver 

enhancing collaboration and transparency by providing, for instance, a platform for 

information sharing. Furthermore, relationships build on trust are a driving force of actors 

being transparent, for instance, regarding API sourcing or an upcoming crisis.  

In summary, these strategies support cohesiveness in the fragmented network and align 

actors enhancing resilience capabilities at the network level. In that way future heparin 

sourcing shortages can be effectively counteracted. 

During the cooperation with the case company an individual and more detailed decision-

matrix was developed by the authors of this study. However, due to confidentiality aspects 

and limited scope of the thesis it was excluded.  
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6 Conclusion 

______________________________________________________________________ 

This chapter provides answers to the research questions of this thesis based on the 

empirical findings and analysis.  

______________________________________________________________________ 

The purpose of this thesis was firstly, to analyse challenges affecting resilience in the 

upstream of the pharmaceutical SCN and secondly, to analyse root-causes of the heparin 

sourcing shortage to find solutions to counteract future heparin shortages. An insufficient 

management of challenges impacting the SCNR causes medicine shortages within the 

pharmaceutical SCN. Driven by the ethical obligation the pharmaceutical SCN 

particularly has to deal with external hurdles and sourcing dependencies created by the 

complex characteristics of the product. To understand challenges affecting the SCNR, the 

researchers asked the first question: 

RQ 1: What are challenges influencing resilience in the upstream of the 

pharmaceutical supply chain network? 

The pharmaceutical SCN consists of many different actors with interrelationships 

emerging as interdependencies that pose challenges towards SCNR. The characteristic of 

pharmaceutical products set the stage for the complex network structure and creates 

specific interdependencies. Especially, the sourcing dependency on a specific raw 

material reinforced by an accompanied dependency on a geographical region represents 

major implications for the entire SCN. Furthermore, barriers created by governments, 

regulators or the respective market highly affect the upstream SCNR. The profitability is 

challenged by the ethical obligation of the pharmaceutical SCN to have sufficient supply 

and provide the best possible care for patients. To understand how these challenges can 

lead to medicine shortages, the second research question was asked: 

RQ 2: What are root-causes of the heparin shortage in the upstream of the 

pharmaceutical supply chain network? 

The challenges influencing SCNR in the upstream can be identified in the root-causes of 

the heparin sourcing shortage. The product characteristic make accurate demand planning 

difficult and is exacerbated by general demand fluctuations. In addition, the raw material 
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of the medicine has a strong dependency on swine intestine, which is significantly 

reinforced by a geographical dependence on Asia. A lack of collaboration, transparency, 

and cohesive response amplified by the complex network structure, impact SCNR. 

Furthermore, various regulations and high quality standards have an indirect influence on 

the shortage. To align the results and understand how future heparin sourcing shortages 

can be counteracted the third research question was asked: 

RQ 3: In what ways could heparin sourcing shortages be counteracted to avoid future 

shortages? 

The researchers have developed a framework of hard and soft skills by bringing together 

the identified challenges of the pharmaceutical SCNR with the root-cause analysis of the 

heparin shortage. The identified hard skills include the implementation of a dual sourcing 

strategy, geographical independencies, contractual agreements, and a focus on alternative 

raw material sources. The soft skills encompass of increased resilience awareness, 

information sharing, collaboration, and transparency. Those skills should be integrated 

into the overall firm’s strategy and processes to strengthen SCNR. For the practical 

implementation of resilience capabilities, a risk management culture must be established 

within the overall coporate culture to enable sustainable change. 
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7 Discussion 

______________________________________________________________________ 

This chapter discusses the ethical, theoretical, and managerial implication of this study. 

______________________________________________________________________ 

7.1 Ethical Implication 

Taking into consideration that the studied phenomena is embedded in the complex 

pharmaceutical SCN, the ethical implications of this study are important to consider and 

may have a direct impact on the patients’ well-being.  

The ethical obligation of the pharmaceutical SCN is coherent with the third goal of the 

Sustainable Development Goals (SDG) developed by the United Nations. This goal 

focuses on the provision and promotion of healthcare for all (United Nations, 2021). On 

the one hand, the identified raw material sourcing dependency towards a specific 

geographical region implies a high risk for the provision of pharmaceutical products and 

services for the patient. On the other hand, it entails the risk of a geopolitical power 

position of individual countries towards an industry and human beings. Therefore, it is in 

the hands of political and industrial actors to counteract potential power positions by 

searching and investing in possible alternatives. Global disruptions, such as the COVID-

19 pandemic, have highlighted the global impact of potential export halts within 

healthcare (Xu et al., 2020). Also for the studied product heparin, potential export stops 

of APIs would have immense effects on the market and supply for patients. Therefore, 

sourcing diversification must be considered in the risk management of companies. A lack 

of knowledge and awareness about a geographical dependency within the SCN challenges 

the profitability of individual actors. This might have a potential effect on other 

entrepreneurial activites impacting independent healthcare treatments.  

With the focus on the third SDG, the increased access to healthcare increases 

subsequently the demand of pharmaceutical products. Relying on the existing sourcing 

dependencies reinforces the challenges that impact SCNR and put patients at higher risks. 

Thus, an equilibrium between costs of dependent raw material versus costs of 

independent raw material (associated with higher investments) has to be established. In 

addition, as demand and production increases , the actual source of raw materials should 
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be considered. For a resilient supply and increasing demand for APIs derived from 

animals, sustainable, and dignified species-appropriate animal husbandry must be 

ensured. This is not only coherent with the SDGs, it can further prevent outbreaks of 

animal diseases (FAO, 2018), which stresses the availability of raw material.  

By implementing the strategies developed in this study, a first step towards mitigating 

disruptions and a resilient pharmaceutical SCN is taken. However, to ensure no harm 

towards patients and treatments, the researchers have presented the results and outcome 

towards the case company before finalizing the work. Furthermore, the developed steps 

on how to increase resiliency to counteract future heparin shortages function as a 

guideline.  

7.2 Theoretical Implication 

The emerged concept of SCRES in literature has been substantiated in this study with the 

network approach contributing to the literature of SCRES. This research has developed 

an understanding in SCNR focussing on the upstream. Together with literature on 

SCRES, the network approach provided valuable knowledge and played a major role in 

understanding the synergies and interpreting the empirical findings regarding the 

challenges affecting SCNR. 

In terms of understanding the characteristics of the pharmaceutical industry the network 

approach provided a partial theoretical contribution due to the high degree of specification 

and limited consideration of product characteristics in the network approach. Thus, the 

result of the study regarding the root-causes of heparin shortages connected to the product 

itself are mostly build on the empirical findings in combination with the body of literature 

regarding medicine shortages. Nonetheless, for understanding the significance of actors 

and the synergies between respective counterparts in the heparin case, the network 

approach was used as a reference.  

The results of this thesis contribute to the theory of the network approach and SCRES by 

highlighting the importance and influence of external hurdles affecting the individual 

actor in the network. Furthermore, the empirical findings and particularly the identified 

mitigation strategies contribute to the theoretical concept of SCRES. According to Kim 

et al. (2015) and Tukamuhabwa et al. (2015) a lack of research on how to implement 

resilience strategies in a SCN exist. 
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This thesis does not consider the resilience of a single actor, but the resilience on the level 

of a network including various actors. By putting the identified hard and soft skills into 

practice, the resilience of the SCN is strengthened and less vulnerable towards potential 

disruptions. Furthermore, the impact of the COVID-19 pandemic has brought the 

relevance of this characteristic of a supply chain to the fore, especially stressing the 

significance at the network level. Therefore, the results of this thesis make a valuable 

contribution to the current important theoretical discussion of SCRES. 

The development of the mitigation framework (Figure 7) is based on the analysis of 

empirical findings from the specific case, supported by literature of SCRES, and the 

network approach. In addition, it is addressed towards the practitioners within the 

pharmaceutical industry who try to understand the synergies that exist in the upstream of 

a network. However, the researchers believe that the findings and learnings are not solely 

applicable for actors in the upstream. Since the network consist of a downstream, it can 

be useful for actors placed further down the network to understand the impact of the 

activities in the upstream. This is further applicable for actors that do not have 

interrelationship but a connection towards the network. The researcher further believe 

that this mitigation framework provides a base for future research.  

7.3 Managerial Implication  

This research is directed towards managers operating in the pharmaceutical industry; 

especially to companies in the upstream of a SCN. Managers need to develop awareness 

towards resilience and recognize the importance of each individual in the network. 

Based on that, resilience capabilities need to be addressed and build at the network level 

due to the interdependencies between the high number of involved actors. Managers can 

utilize the interdependencies towards other actors to enhance resiliency. In this context, 

the sourcing dependency towards China was discussed critically. Managers can see this 

as food for thought considering additional regions for API sourcing to diversify risks and 

decrease supply chain vulnerability.  

Since resilience is build by people managers play an important role for SCNR, therefore, 

close and trustful collaboration between actors and mutual decision-making are key 

enabler. In practise this means for managers to be open, cohesive, and willing for 

alignment with other actors. However, this does not neglect already established 
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collaboration nor does this implicate that there is a general lack of trust in the industry. 

Based on the findings of this study, it was identified that in the specific network certain 

relationships have capacity to improve in terms of trust. Further, actors would benefit by 

the implementation of appropriate management tools enabling knowledge and 

information sharing. This, as a matter of fact, creates the necessary transparency in the 

network which is a major challenge of SCNR. Nevertheless, each actor of the network 

has its own business goals and way of doing business which needs to be considered.  

Manager set the foundation for the implementation of suitable mitigation strategies based 

on their awareness towards SCNR. Hereby the identified themes External Hurdles, 

Transparency, Complexity, Interdependencies, and Cost Efficiency represent indicators 

for further investigation for practitioners to target resiliency. Furthermore, managers 

should use the developed mitigation framework and its soft and hard skills as a guidline 

to adapt it accordlingly to the individual business case scenario. The Ethical Obligation 

acts as a fundamental force since the highest priority is the treatment of patients in the 

pharmaceutical industry.   
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8 Limitations 

______________________________________________________________________ 

This chapter highlights limitations of the study based on creditability, transferability, 

generalization, and confirmability. 

______________________________________________________________________ 

A qualitative research design needs to be critically motivated in terms of limitations 

throughout the research process. Following the criteria of creditability, transferability, 

generalization, and confirmability developed by (Guba, 1981) limitations of this study 

are highlighted.  

Firstly, by addressing the complex and dynamic phenomenon of SCNR and the heparin 

shortages a single case study design was most suitable. Following the engaged research 

approach the close collaboration enabled the researchers to collect relevant material and 

reach interviewees. In order to select relevant interview participants purposive sampling 

was used which supports credibility of this study. From 13 participants 11 were from the 

case company which ensured the holistic view of the SCN and inclusion of various 

perspectives from different actors. Furthermore, participants from six different countries 

were selected ensuring creditability of the global context. However, this also represents 

the first limitation of this study, since the argument could be made that analysis of 

findings is strongly influenced by the perspective of the case company. Nevertheless, this 

is needed in order to ensure an adequate representation of the specific network. Building 

upon this argument, the access to more interview participants from external suppliers 

would have enriched the manufacturer/supplier perspective of this study. However, 

contacted supplier declined due to confidentialty concerns.  

Secondly, the confirmability and creditability is ensured by using primary data and 

secondary data for data collection and analysis. In order to ensure transferability and 

generalization thick descriptive data was gathered. Nevertheless, having mainly 

participants from one company it could be debated whether this company is representative 

for the pharmaceutical industry. However, by generating similarities and generalizations 

of medicine product groups in the pharmaceutical industry, the findings can be applied 

and transferred to other contexts enhancing transferability. More precisely, the mitigation 

framework does not only counteract future heparin shortages but builds SCNR 
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capabilities. In that way, resilience capabilities enable more effective preparedness and 

reaction abilities to other disruptions.  

Thirdly, by choosing the network approach as the theoretical background of this study, 

the problem of the study was addressed from this particular perspective. It should be noted 

that the concept of SCRES could also be investigated by taking a different theoretical 

perspective leading to potentially varying results. However, for this study the authors 

identified the network approach as most suitable. 

Lastly, the study contributes a practical solution to mitigate future heparin shortages by 

applying different resilience capabilities. The framework suggests implementing certain 

hard and soft skills. However, it needs to be stated that these strategies and 

recommendations are based on the findings of the analysed network and case. Therefore, 

the mitigation framework should be used as a guideline where adaptations are conceivable 

according to the individual requirements.  
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9 Future Research 

______________________________________________________________________ 

This chapter provides suggestions for future research based on the empirical findings, 

implications, and limitations of this study.  

______________________________________________________________________ 

Based on the results, implications, and limitations of this study, additional areas for 

further and in-depth research have emerged. The studied challenges affecting SCNR in 

the context of medicine shortages holds a certain complexity and broadity. With the focus 

on the upstream of a SCN in this study, challenges that affect the downstream in particular 

should also be examined. This is an essential and significant contribution to the 

understanding of synergies in the SCNR as a whole. Furthermore, potential root-causes 

can be identfied that have not emerged within the upstream of the pharmaceutical SCN 

extending the conducted root-causes analysis in this study. The method and composition 

of this study has put the main focus on the perspective of the focal firm. Accordingly, a 

case study taking mainly the perspective of a manufacturer is valuable to understand 

synergies and to substantiate to concept of SCNR. Furthermore, a multiple case study 

combined with a cross-case analysis provides a relavant basis to identify comparisons and 

differences between different SCNs. 

The research topic at hand is not restricted to the pharmaceutical industry, hence further 

studies applying SCNR in other industrial contexts are insightful. A comparable industry 

for further investigation is the food industry, which also has to deal with high quality 

standards, regularities, and an ethical obligation towards its customer. It is of high 

siginificance to understand how the developed mitigation strategies make other SCNs 

more resilient and less vulnerable for potential disruptions. In this study, the affect of the 

network structure on SCNR was only considered to a limited extent. To build upon 

existing literature (Kim et al., 2015) further studies expand knowledge regarding the 

influence of network structure on SCNR.   
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Appendix 

Appendix 1: Summary of SCRES Definitions 

Authors Definition 

(Christopher & Peck, 

2004, p. 2) 

‘The ability of a system to return to its original state or 

move to a new, more desirable state after being disturbed.’ 

(Kim et al., 2015, p. 50) 
‘A network-level attribute to withstand disruptions that 

may be triggered at the node or arc level.’ 

(Longo & Ören, 2008, p. 

528) 

‘Resilience as a property […] that […] allows to the supply 

chain to react to internal/external risks and vulnerabilities 

quickly recovering an equilibrium state capable of 

guarantying high performance and efficiency level.’ 

(Ponis & Koronis, 2012, 

pp. 925-926) 

‘The ability to proactively plan and design the Supply 

Chain network for anticipating unexpected disruptive 

(negative) events, respond adaptively to disruptions while 

maintaining control over structure and function and 

transcending to a post-robust state of operations, if 

possible, more favourable than the one prior to the event, 

thus gaining competitive advantage.’ 

(Ponomarov & Holcomb, 

2009, p. 131) 

‘The adaptive capability of the supply chain to prepare for 

unexpected events, respond to disruptions, and recover 

from them by maintaining continuity of operations at the 

desired level of connectedness and control over structure 

and function.’ 

(Ponomarov, 2012, p. 7) 

‘The adaptive capability of a firm’s supply chain to 

prepare for unexpected events, respond to disruptions, and 

recover from them in a timely manner by maintaining 

continuity of operations at the desired level of 

connectedness and control over structure and function.’ 
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(Scholten et al., 2014, p. 

212) 

‘Resilience is a proactive and holistic approach to 

managing supply chain risks enhancing traditional risk 

management strategies: as it does not require risk 

identification and quantification, supply chain resilience 

can deal with unforeseeable disruptions and events.’ 

(Sheffi & Rice, 2005, p. 

41) 

‘[…] the ability to bounce back from a disruption. […] can 

be achieved by either creating redundancy or increasing 

flexibility’ 

(Tukamuhabwa et al., 

2015, p. 8) 

‘The adaptive capability of a supply chain to prepare for 

and/or respond to disruptions, to make a timely and cost 

effective recovery, and therefore progress to a post-

disruption state of operations – ideally, a better state than 

prior to the disruption.’ 
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Appendix 2: Interview Protocol 

 

 

Julia Barfuß and Imke Wagenknecht – Interview Protocol– March 2021 
 

Interview Protocol (Semi-structured Interviews) 

Part I – Challenges in Supply Chain Network Resilience 

1) Looking at the supply chain network different position and roles exists, for instance, 

manufacturer, wholesaler, consumer. What role would you assign to your organisation? 

Did this role change and if so, how, and why?  

2) In a network, different actors exist. To what extend did the organisational relationships 

result in interdependencies? Do you have different interdependencies between 

counterparts in the network? How do they occur and how do you perceive them?  

3) Interdependencies come with a certain cost; how do you benefit from business 

relationships? 

4) When performing your role in the network, what are the main risks for the network? 

How would you classify those risks? 

5) (Potential Questions: What do you consider as a disruption affecting the pharmaceutical 

supply chain network?) 

According to (Tukamuhabwa et al., 2015, p. 8) SCNR is ‘The adaptive capability of a supply 

chain [network] to prepare for and/or respond to disruptions, to make a timely and cost-

effective recovery, and therefore progress to a post-disruption state of operations – ideally, a 

better state than prior to the disruption.’ 

6) How are aspects of this strategy included in the organization’s resilience strategy? Are 

there specific departments crucial for resiliency? 

7) How would you transfer these aspects to the supply chain network level?  

8) How important do you think are relationships between actors in the context of supply 

chain network resilience? How do counterparts engage? Why do you think this way, 

can you talk about experiences you have made?  

9) Based on your experience, what are the main challenges when it comes to collaboration 

within the network? How did you deal with them?  

10) Do you see any barriers for getting more resilient in the context of supply chain 

networks? 

11) How does the general network structure influence the resilience capabilities? 

12) What other significant challenges influence the network resilience?  
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Julia Barfuß and Imke Wagenknecht – Interview Protocol– March 2021 
 

Part II – Root Causes of Heparin Shortages  

1) Coming to the topic of heparin shortages, how would you define a heparin shortage?  

2) How did they occur in the past and what are the effects on the organization in terms of 

operational and financial performance?  

3) Can you shortly describe the main steps of the heparin supply chain?  

4) What kind of disruption occurred and how did they affect the supply chain? 

5) What do you think is the main problem in the context of heparin shortages? In your 

opinion, what are the main root causes for this problem? 

6) What kind of sourcing strategy does your organization follow for heparin and why? 

7) How do you perceive the interplay between the sourcing dependency to China in this 

matter? 

8) How does the information sharing process look like in the supply chain starting from 

the manufacturer to your organization?  

9) How would you describe the interplay between inventory management/ strategy and 

heparin shortages? 

10) Do you see potential for improvement in information sharing and inventory 

management? If so, where, and how?  

11) In the past, there has been the case of contaminated heparin in the market, which had a 

dramatic effect on patient’s health. How do you perceive the interplay of quality and 

shortages?  

12) Staying in the context of quality and shortages. How do the specific transport 

requirements effect the supply chain, and did they lead to shortages? 

13) Are there any other reoccurring challenges and problems connected to heparin supply? 
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Julia Barfuß and Imke Wagenknecht – Interview Protocol– March 2021 
 

Part III – Strategies to counteract Heparin Shortage 

1) Coming back to sourcing strategies. How important are sourcing strategies to avoid 

shortages? How do you include backup supplier in your sourcing strategy? 

2) Staying in the context of sourcing strategies and disruptions. How does the cost factor 

influence your sourcing strategy in an immediately disruption impact? Do you include, 

for instance, spot purchase in such case? 

3) Referring to the before mentioned challenges and problems of heparin supply, how 

could these be counteracted?  

Sourcing strategy is an essential part of a supply chain resilience strategy. Hereby, the 

resilience strategy can be classified as a proactive or/and reactive approach.  

4) Do you have a designated department that is responsible for resilience strategies? (Risk 

& Crisis Management) 

5) To prepare proactively for unforeseen events/disruptions, risk management is an 

important part within an organization. Risk management is responsible for 

identification, assessment, and mitigation of future disruptions/risks. Regarding the risk 

management department in your organization, how do they proactively prepare for 

future disruptions? Why did you choose this strategy? 

6) Regarding crisis management, which is responsible for managing, responding, and 

recovering from disruptions. What reactive strategy is applied or followed in your 

organization? Why did you apply this strategy/measurement? 

7) How do you think should these strategies be adapted or changed to better cope with 

disruptions?  

8) Are there any other strategies which would benefit the supply chain network resilience? 

For instance, what importance do you ascribe supply chain agility and flexibility?  

References 
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Appendix 3: Interview Briefing 

  

Interview Briefing – March/April 2021 

Julia Barfuß   baju19bb@student.ju.se 
Imke Wagenknecht  waim18ws@student.ju.se 

Interview Frame:   

Duration:  approx. 60-90 minutes 

Data recording: audio (only used for transcription) 

Language:  English, German 

Type:  semi-structured, open questions  

Background Information 

The inevitable occurrences of disruptions and the persistent phenomenon of medical shortages 
stress the importance of effective risk and crisis management, hence resilience (Kaur & Singh, 
2020). The risk of disruptions increased in the global and interconnected business environment, 
and thus, the concept of supply chain resilience emerged (Kaur & Singh, 2020). In literature, 
it concerns the ability to reduce the impact of disturbances on the supply chain and enhanced 
recovery capabilities (Scholten & Schilder, 2015). Scholars have identified that a supply chain 
network's resiliency is vital for dealing with or recovering from such disturbances (Ambulkar, 
Blackhurst, & Grawe, 2015; Kim, Chen, & Linderman, 2015). Consequently, actors within the 
pharmaceutical industry need to develop a resilience strategy to manage disruptions addressing 
the entire network (Lawrence, Hossain, Jaradat, & Hamilton, 2020). 

This applies, for instance, to the supply of the anticoagulant heparin. Heparin is the preferred 
used anticoagulant in medical treatment and thinning blood (McCarthy et al., 2020). In 
connection to global sourcing dependencies and disruptions within the pharmaceutical 
industry, a high dependency became evident as heparin is mainly produced in China (McCarthy 
et al., 2020). In 2019, a global heparin supply shortage occurred due to initial manufacturing 
disruptions, which were intensified by an outbreak of the African swine fever virus (ASFV) in 
China in August 2018 (McCarthy et al., 2020).  

The purpose of this thesis is twofold. Firstly, the analysis of challenges affecting supply chain 
network resilience to respond and recover from sourcing shortages caused by global 
disruptions. Secondly, the analysis of solutions how to effectively manage a heparin sourcing 
shortage within a supply chain network. Therefore, qualitative interviews are conducted to gain 
insights about supply chain network resilience, the heparin shortage, and mitigation strategies 
to counteract future heparin shortages. 

 

Please, read, sign and send back the separate consent agreement. Thank you!  
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Appendix 4: Interview Consent Agreement 

 

 
Consent / Privacy Notice recording of interview master thesis_v.1_26032021  

 
Privacy Consent recording of online interview for master thesis (voluntary) 
 
I hereby confirm and agree, that the students Julia Barfuß and Imke Wagenknecht audio record the 
online interview with me for their master thesis “Challenges of global sourcing in supply chain 
networks”.  

The participation involves an approx. 60-90 min semi-structured interview about my expertise in 
supply chain network resilience and heparin shortages.  

In any report on the results of this interview/research my identity will remain anonymous. This will 
be done by changing my name and disguising any details of my interview which may reveal my 
identity or the identity of people I speak about. I understand that anonymous extracts from my 
interview may be quoted in this master thesis. The information provided will be used only to complete 
the master thesis and for no other purposes.  
 
The audio recordings will be used for documentation purposes only and deleted after transcription in 
a word document immediately. Identifying information in the transcript of the interview will be also 
removed immediately after the transcription. 
 
I am aware that my consent is voluntary and that I can revoke it at any time with effect for the 
future, by sending an e-mail to: baju18bb@student.ju.se or waim18ws@student.ju.se.  
 
 
date:  
 

 

name (in blockletters): 
   

 

FME entity:  
 

signature: 
 

 

 
 

Privacy Notice for recording of online interview for master thesis 
 

1. Who is the controller and what is the 
Privacy Notice about? 

This Privacy Notice provides you with information 
referring to the data processing that will be performed 
by the students Julia Barfuß [Barnarpsgatan 99, 55330 
Jönköping, Schweden] and Imke Wagenknecht 
[Brahegatan 63, 55334 Jönköping, Schweden] as 
controllers upon your consent, in context of an audio 
recorded online interview regarding a master thesis. 
This Privacy Notice explains how your personal data is 
collected, used, transferred and disclosed and why. This 
Privacy Notice also describes your rights and how you 
can execute them. 

2. What categories of personal data are 
processed? 

The following personal data is processed: Name, audio, 
signed privacy consent and other personal data you 
might provide within the virtual interview. 
 

3. For which purposes is personal data 
being processed? 

Data are processed for conducting the interview and 
drafting the master thesis. 
 
The processing of your data is based on your consent. 
In case you should withdraw your consent, this will not 
affect the processing made before withdrawal and the 
students will either cease the processing or continue the 
use of the recording, provided that it is secured by 
adequate measurements so that the recording is 
anonymized and it is not possible to identify you. 
 

4. Who has access to your personal data? 

Only the students Julia Barfuß and Imke Wagenknecht  
will have access to the respective data.   

5. For how long do we keep personal data? 

Unless you should withdraw your consent to the 
processing, your personal data will be stored in 
accordance with applicable laws.  
The audio recordings will be deleted after transcription 
in a Word document. The signed consent forms and 
transcribed interviews will be retained in hand of Julia 
Barfuß and Imke Wagenknecht until the exam board 
confirms the results of the master thesis. However, 
identifying information in the transcript of the interview 
will be removed immediately after the transcription.  

We will take the appropriate legal, organisational, and 
technical measures to protect personal data consistent 
with applicable privacy and data security laws.  

6. What are your rights?  

You have the right to request access to your personal 
data, to request rectification, to request erasure of your 
personal data, to request the restriction of processing 
of your personal data, and the right to data portability. 
Furthermore, you have the right to lodge a complaint 
with the competent supervisory authority.  

7. How to contact us? 

For any concerns relating to data protection or in order 
to exercise your rights you may contact:  
Julia Barfuß, Barnarpsgatan 99, 55330 Jönköping, 
Baju19bb@student.ju.se  
Imke Wagenknecht, Brahegatan 63, 55334 Jönköping, 
waim18ws@student.ju.se

 


