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Abstract— This paper claims that many useful analogies 

exist between the pharmaceutical and the infrastructure 

industry, not least their roles in creating health and well-

being for their respective customers. Ultimately, pharma 

delivers medicines for the health of individuals whilst 

infrastructure delivers energy, potable water, etc for places 

where communities and businesses live and work (cities for 

short). Medicines are the life-blood of people, whilst 

infrastructure products and services are the life-blood of 

cities: both aim for public health and societal good.  

The challenges affecting the two industries, including 

population growth, globalisation, environmental 

sustainability, and climate change, are having similar 

impacts, as are the failures and disruptions to them.  The 

structures of the two industries, their large organisations, 

and particularly the need for regulation has similarities. 

Both industries and organisations in each industry are 

complex systems: they co-evolve with their environments 

including technological innovations; they are dynamic with 

non-linear flows of goods and services; lock-in and path-

dependency is evident as is the need for continuous 

adaptation. By using a complex systems’ lens the analogies 

are examined and learning opportunities are identified. 

 

Keywords— Pharmaceutical Industry, Pharmaceuticals, 

Drugs, Complex Systems, Cities, Infrastructure, Healthcare, 

Analogy.  

I. INTRODUCTION 

OMPLEX systems are now a day-to-day reality in 

many fields of life. In fact, complex systems emerge 

out of simple needs which grow in structure and 

complexity over the time.  

II. PHARMA CHARACTERISATION 

Medical drugs to treat diseases have perpetually been a 

need in human history. The pharmaceutical industry has 

its origins in the emergence of companies producing drugs 

in large scale but also such with organic chemical and dye 
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production in the late 19th century [1,2]. Back then, over 

the counter (OTC) drugs were sold directly to patients or 

‘ethical’ medicines to doctors and pharmacists. Here, R&D 

was not established yet and few firms did marketing, with 

good profits. After the wars, pharmaceutical companies 

gained technological and organisational capabilities as 

well as innovative opportunities owing to the financial 

support through funding and support programmes. Due 

to this and the increasing medical knowledge, innovation 

became the core of the business [1]. Exogenous factors such 

as patent protection and growing demand as well as health 

insurances created a positive feedback loop, facilitating the 

self-sufficiency of the system. Due to patents being granted 

mostly on processes, not products, country-specific 

‘innovation tracks’ emerged: while some countries focused 

on finding novel processes to produce existing drugs 

(often named ‘me too’ drugs), others did not experience 

such negative feedback on the innovation capabilities 

(perhaps other than producers of generics) [1]. 

The pharmaceutical industry transformed into a high-

growth sector with high innovation and profitability. 

Investments into formal in-house R&D programmes 

facilitated the entrance into the drug market based on 

innovation, broadening the range of tools medical doctors 

could use to treat their patients. 

Fundamental restrictions were introduced by the 

United States Food and Drug administration (FDA), 

requiring firms to show safety and efficacy to obtain 

marketing authorisation [3,4] and launch the drug into the 

market. This in turn had a negative impact on the returns: 

the R&D efficiency, defined by the number of new drugs 

introduced into the market per billion US dollars of R&D 

spending, halved around every 9 years, from the 1950s up 

to 2010 [5]. 

Since then, the pharmaceutical industry has established 

itself with relatively smaller ups and downs, constantly 

developing new strategies to optimise drug delivery. 
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Furthermore, cooperation with universities pushed 

basic and scientific research, facilitating the birth of new 

biotechnology firms and start-ups, typically university 

spinoffs. The big players also use the strategy to wait for 

new drugs to reach a certain stage before acquiring the 

start-up or licensing its drug [6] which has been shown to 

cost less compared to in-house development [7]. 

Once the marketing authorisation is granted, an optimal 

positioning of the drug is essential to make it available to 

the eligible patient population and achieve an efficient 

profit. The department for Market Access emerged from 

this very need and has become a critical component in the 

structure of a pharma company. In the classical sense, 

Market Access (MAx) developed to aid in pricing and 

reimbursement of drugs, which was based on efficacy and 

safety data thereof [7]. In contrast, the department “Ethics 

and Compliance” materialised from the reaction of 

agencies and legal authorities towards corporate 

misconduct, further posing negative feedback on the 

operation of pharma companies [8]. 

In general, the complex structures and elements of all 

pharma organisations are somewhat similar to each other 

[9], perhaps with slightly different names of departments 

or individual functions. The local country organisation 

consists of departments governing Medical, Sales, 

Marketing and regulatory issues (Fig. 1) [10]. 

Each of these elements is a complex subsystem in their 

structure and function. The various number of potentially 

interacting elements highlights the high degree of 

multiplicity and of interdependence of this system, while 

the heterogeneous elements inside and outside of it make 

up the diversity.  

Additionally, the adopted matrix organisation leads to 

certain dynamics in the interactions where often new, 

temporary interactions and feedback loops occur in 

different phases. For example, Market Access has evolved 

into a cross-functional department over the last years, 

primarily due to exogenous factors such as increasing 

healthcare costs, more complicated pricing and 

reimbursement environment as well as decreasing R&D 

returns, creating a feedback loop to and from the payer 

[5,11]. This function has gained a central role in 

communicating the value of the drug to the stakeholders, 

becoming crucial for a successful launch [12]. Similarly, 

Medical Affairs transformed from the traditional 

supporting function into a strategic role with a 

responsibility of ensuring the launch readiness for the 

drugs [13].  

The boundaries of a pharma company as a complex 

system are determined by the departments forming a tight 

network relationship with each other to ensure an efficient 

operation in the local country branch.  

Although the connections look similar to each other, the 

feedback to and from each element is very diverse: for 

example, the executive committee (EC) has a connection to 

the finance and legal departments due to the heads being 

a part of the EC. In contrast, the feedback to the Marketing 

department is rather negative as it imposes regulations 

and defines a certain border for this subsystem. 

Moreover, ambivalent connections translate into 

different behavioural patterns of a pharma company, 

depending on the drug(s), its timepoint and phase the 

drug is in. Exogenous factors such as the drug market 

feedback to the different elements of the system: do the 

competitors have an advantage over a drug? If so, does this 

restrict the operation of the complex subsystem (e.g., 

Marketing) or encourage new ideas? These questions 

might be easy to answer for a given drug in a simple 

disease area (meaning known risks and no major 

competitors), however, even here one has to state that it all 

depends on ‘who’ is giving the answers. Field-based 

functions are important to prevent departments deciding 

 
Fig. 1.  A gross schematic representation of the complex system of a pharmaceutical company, with some of the elements visualised as subsystems 

visualised. Arrows describe feedback between the elements. R&D, research and development; CFO, chief financial officer; CSO, chief scientific officer; 

CGM, country general manager; HCP, healthcare professional; FDA, federal drug agency; EMA, European medicines agency.  
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based on their own beliefs and to consider exogenous 

variables outside the boundary such as the current drug 

market and customer mindsets, leading the companies to 

take a more inclusive approach, without restricting 

themselves to less future possibilities. An example can be 

the different mindsets of experts or key opinion leaders 

(KOLs) from those of non-KOLs. These and other 

reflections are essential to avoid locking into a path-

dependency. 

Therefore, a typical pharma company of today is the 

temporary ‘result’ of this evolution over the years, having 

‘accumulated’ the departments that have become essential 

for the success of the corporate structure. 

The fast-changing structure of and functions within the 

pharma companies is especially on account of their 

underlying fully privately funded and motivated business: 

digital solutions had to be deployed fast in order to 

maintain the business. An efficient operation is critical for 

a pharmaceutical company, as the development of a drug 

is a high-risk business: it is never clear whether it can be 

introduced to the market. First, a thorough decision-

making takes place whether to proceed with the 

development of a drug candidate. If so, this drug 

candidate then undergoes many cycles of revision and 

testing (pre-clinical phase, phase I, phase II and phase III 

clinical trials before marketing authorization), under the 

supervision of scientific, medical and ethical committees to 

yield enough data for its safety and efficacy before being 

made available to the public. This development phase is a 

highly costly matter and is financed by the sales of other 

drugs, meaning, being privately funded translates into a 

necessity of the upkeep of a self-sustaining business. This 

is especially challenging given the probability from phase 

I to market authorization is only about 10% [14]. 

The pharmaceutical industry is the only source for the 

relatively fast supply of medicines to people and 

essentially arose from the medical needs and 

compromising health states. The operations and efficiency 

of the production of pharmaceuticals is the result of the 

interactions between the pharmaceutical industry and 

agencies, which both strive towards one goal: making 

drugs available to people. Therefore, toughening 

regulations can decrease the incentives of developing new 

drugs [15].  

III. INFRASTRUCTURE CHARACTERISATION 

Infrastructure systems are the source of critical services 

providing water supply, electric power generation, 

telecommunications, natural gas, roads, railways, etc. 

Improvements in the infrastructure industry are toward 

better – cost-effective, resilient and sustainable – critical 

services laying the foundations for the well-being of a 

society. 

Many economic infrastructures were privatised globally 

in the 1980s in a push toward greater innovation and 

efficiency, perceived as coming from private 

organisations. Traditionally, infrastructure was state-

owned and operated as a monopoly. But as economic 

infrastructures provide critical services (mobility, energy 

for heating, etc., clean water, sewage removal, and 

telecommunications) privatised parts of the industry are 

heavily regulated. Complexity arises from innovation 

from different forms of infrastructure and associated 

regulators, but the resulting emergence is often 

constrained by negative feedback [16]. 

The infrastructure industry arose in response to 

demand, as settlements emerged and each family/building 

had common basic needs for critical services. The purpose 

of the infrastructure sector is to provide security of critical 

services at an affordable price which does not compromise 

the quality of the natural environment.  

Infrastructure is long-lived and needs capacity to adapt 

to unforeseen changes in patterns of demand, particularly 

the fast growth of urban environments (referred to as cities 

in this paper but meaning settlements of any scale). Cities 

are where society grows and diversifies, however this 

growth considerably intensifies demand in particular 

geographical locations which are often far away from 

points of supply, requiring long linear infrastructure 

networks. Plans for new assets, updates, and replacements 

must meet demand over several decades because of the 

long-lived nature of infrastructure assets. It is not 

surprising that national infrastructure plans span decades 

[17]. For example, sensors and actuators may be added 

later but will need integrating to improve control systems. 

Technologies generally improve efficiencies, provide 

better services, and enable avoidance of undesirable waste 

[18]. 

Infrastructure companies are risk averse and often 

locked into particular technologies which were already 

tried and tested at the time of implementation. 

Technological churn can be very fast and so any in-use 

technologies are retained and need integrating with newer 

ones.  

The infrastructure industry comprises interdependent 

organisations from small companies to big multinational 

suppliers which provide products and services to larger 

agencies responsible for network operations. Overall, 

there are several transfers of goods and services between 

sectors. Some key ones are shown in Fig. 2. The complex 

system of national infrastructure is highly connected with 

the society, the economy, and the environment which 

bidirectionally pose restrictions or enabling factors within 

the system [19]. Integrated infrastructure sectors together 

provide the set of solutions for city welfare by keeping the 

lights on, providing potable water and uninterrupted 

telecommunications, ensuring the availability of modes of 

transport, etc. 

Over the decades, and with increasing privatisation, 

regulation of infrastructure has become an industry itself. 

The origins of regulation are sectoral requiring sector 

specific skills for standards and codes for safety, etc. 
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Recognition of the increasing independency and co-

dependencies between sectors and firms has shifted path 

dependencies toward integrated regulation [20] however 

sectoral regulators are strongly locked in to discrete 

government departments such as The Office of Gas and 

Electricity Markets (OFGEM) with the Department for 

Business, Energy & Industrial Strategy (BEIS).  Exogenous 

factors influencing infrastructure are several: green banks 

who are funding the development of cleaner technologies, 

climate action lobby groups including the UK held COP27 

[21] health and safety on construction sites, fair 

employment of overseas parts manufacturers, etc. There is 

also a growing body of prosumers, who can produce some 

of their critical infrastructure needs locally, reducing their 

demands of infrastructure services but also in some case 

providing many sources of smaller, distributed supply. An 

example is the increased use of photo-voltaic technology.  

The infrastructure industry is a high-growth sector of 

the economy, increasingly implementing new innovations 

and attracting private investors, pension funds, etc. due to 

the stability of the industry.  

IV. ANALOGIES 

We utilise the framework of structure mapping theory 

for analogical reasoning to assess relative analogies and 

analogical inferences, while simultaneously avoiding any 

absolute analogies [23,24]. Hence, the relation of 

infrastructure to city well-being is put in analogy to the 

relation of pharmaceutical industry to healthcare. 

However, unlike the classical source (or base) to target 

projection, we apply a bidirectional analogy as both 

complex systems can be either of them, and leave it up to 

the open interpretation of the reader to decide.  

Careful investigation of both complex systems revealed 

several analogies in complexity properties, emerging 

standards and direction of trends which we believe are 

noteworthy to analyse.  

 It is evident that both infrastructure providers and 

pharma companies have similar complexity properties. 

Both exhibit multiscalarity by operating under multiple 

modes of governance, i.e. hierarchically, self-governing 

and co-governing [25].  

Additionally, we determined path dependencies such as 

the emergence of functions as a response to external 

regulations to be present in both systems but also how the 

collection of insights through engagement is essential for 

realistic strategies and successful operations to take place. 

Furthermore, both systems are constrained, as the 

pharma industry has to operate within certain regulations 

and is constrained in resources, i.e., the amount drugs that 

have made it past the critical stages, while infrastructure 

systems, even when privatised, are constrained by 

regulations and resources, such as technologies using 

fossil fuels. 

Therefore, both systems show rigidity as an additional 

complex variable and are locked in: the underlying 

infrastructure determines the development of cities into a 

set of certain directions, while the diversity and size of a 

pharma company’s pipeline determines the development 

and future of the company. 

When looked at the operations, several analogies can be 

determined in both complex systems in their services to 

cities and people (Table I). 

Both systems have a similar social responsibility and so-

called neglected areas. In infrastructure and cities, urban 

areas with less focus are less controlled which can lead to 

formation of slums with characteristics such as unhealthy 

living conditions, hazardous locations, poverty and social 

exclusion [26]. In pharma companies, decisions to shift 

focus from certain therapeutic areas due to e.g. lack of 

upcoming drug in near future and little budget for that 

department, can delay urgently needed solutions in 

diseases, leading to a certain neglect in that area and 

uncontrolled consequences. In fact, we believe these two 

situations are highly connected with each other through 

the social responsibility that emerged for both systems 

over the years. This is especially apparent, just as Winslow 

stated “Men and women were sick because they were 

poor, they became poorer because they were sick, and 

sicker because they were poorer.” [27]. Increasing poverty 

and demand for access to medicines, as well as the high 

price tags of treatments turned into a major disadvantage 

for poor groups which contributed to the emergence of 

social responsibility in the pharmaceutical industry.  

Additionally, failures in infrastructure delivery, such as 

unaffordability by the poor, match with pharma failures to 

provide equitably to all individuals: the poor cannot afford 

the best drugs. The urban sprawl in cities and the rise of 

informal settlements without sufficient infrastructure, can 

be observed in health care by the rise in use of alternative 

and unreliable medications by sections of the population 

who are excluded from pharma penetration. The 

availability of generic drugs at lower prices can 

substantially enhance patient access and is an important 

channel for healthcare systems to save costs while 

supporting well-being [28,29]. Likewise, increasing 

 
Fig 2. Infrastructure interdependencies [22]. 
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transport prices and missing availability can prevent poor 

groups from accessing public services, contributing to 

their social exclusion [30]. When looked at the physical 

accessibility, boundaries in planning were not set in a way 

to include disabled groups and had to be changed 

accordingly to be much more inclusive. 

Apart from this, standards continue to raise the bar for 

the performance of critical services and drug delivery. 

Health and Safety standards in particular require that 

working conditions of employees do not create accidents 

and chronic illnesses. Likewise, safety and efficacy 

standards are critical for pharmaceuticals to prevent any 

serious adverse events and protect human lives. It is 

striking how further standards for both systems evolved 

in an almost identical way: transparency and fairness 

gained importance in both systems, leading to e.g. 

Construction Sector Transparency Initiative (CoST) for 

infrastructure or Anti-Bribery and Anti-Corruption 

Policies adopted by pharma companies [31,32]. For both 

systems, these regulations posed further restrictions, 

however, at the same time paved the way to other 

opportunities. With the increasing ecological sensitivity, 

the current standards for both systems are evolving in a 

comparable direction, e.g. sustainability has become a 

central topic in every industry. City planning considers 

smart infrastructure, while the pharmaceutical industry 

considers the CO2 footprint from manufacturing to final 

product. In fact, sustainability is now a big component of 

the concept of corporate responsibility. 

By analogy, infrastructure operations with distinct 

supply systems delivering specific critical products and 

services, pharmaceutical companies have become the 

exclusive suppliers of drugs within the healthcare system. 

Increasingly traditional public sector infrastructure 

provision has been privatised, as has national health 

services drug development, resulting in high levels of 

regulation in each, constraining innovation and 

profitability, which are hallmarks of the private sector.  

Furthermore, we also identified similar challenges that 

both systems have to face: e.g. climate change and the 

rising planetary consciousness but also service shortages 

due to the pandemic. Resilience, and the capability of 

infrastructure systems and pharma companies to prevent 

disruptions, absorb hazards and recover quickly will allow 

them to address shortages in critical services and drugs. 

Pharma and infrastructure organisations have to 

increasingly adapt to major changes to the ways they are 

organised in order to make step change in the performance 

and reliability of their operations. For instance, 

infrastructure contributes substantially to the heat island 

event, requiring infrastructure solutions to deal with 

heating and ventilation or to reduce their emissions and 

the problems they create, e.g. by decarbonising as required 

by the Carbon Act In the UK [33]. However, because of the 

long-term investments in both infrastructure solutions and 

drugs, these have to integrate with previous solutions: 

new methods of electricity generation for example have to 

integrate with an existing distribution network. Likewise, 

new drugs have to work with drugs that people are taking 

for other health concerns, which is partially mitigated by 

the knowledge of the pharmacokinetic properties and 

potential drug-drug interaction of pharmaceuticals, but 

also due to an established pharmacovigilance system for 

adverse event monitoring after drugs receive market 

authorisation.  

In case of the pandemic, pharma companies have shown 

a certain agility as a complex system: a fast and early 

understanding of the changes in the environment, if 

possible, even foreseeing them, gave an advantage in 

turning on the correct levers early enough to make sure 

that the results are obtained at the right time when the 

changes happen. According to a survey published in the 

latter half of 2020, respondents indicated that their 

companies acted 20 to 25 times faster than expected [34]. 

Digital assets and digitalization became a top priority 

within no time, increasing the funding into digital 

initiatives, leading to more digital roles and number of 

customers. Most pharma companies responded well in the 

new era of ‘becoming digital’ and, most importantly, 

created new strategies of communicating with the 

healthcare professionals (HCPs). There is an increasing 

focus on ‘omnichannel’ or ‘multichannel’ engagement 

strategies, trying to find out the best and most efficient 

ways to interact with the customers through different 

channels by finding their preferred channel(s). According 

to a US survey, 44% of companies stated to be rolling out 

multi-channel activity plans [35]. Identifying the 

preferences of each HCP translates into a huge amount of 

data to be analysed in an efficient way to obtain key 

strategic findings and insights, and enable better services. 

Similarly, the concept of “smart cities” builds on using 

technology in a purposeful way to translate data into 

insights and actions, having the potential to better 

understand and cater to the needs of subgroups or 

emerging generations [36]. This is especially important as 

current infrastructure in cities is rigorous and permanent 

due to assumptions of stationarity, not allowing much 

space for change and improvement. The current planning 

and design have been elegantly described as obdurate, 

disconnected and mechanistic among others, being in 

stark contrast to adaptive infrastructure [37]. The latter has 

been described as being connective, modular, compatible 

and responsive. Here, lessons can be learned by the 

pharmaceutical companies, most of which are structured 

as a matrix organisation and operate in a trans-disciplinary 

(or cross-functional) way. This renders them 

advantageous for actions such as cross-functional 

communication possibilities, i.e., the field force being able 

to communicate with not only their managers but also to 

give input to other functions, e.g. Marketing or Global, 

creates several feedback loops in the system, giving many 

possibilities and channels to respond to changes at 
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different levels of the organisation. This kind of 

organisation is highly valuable for a company to prevent 

from falling into a rigid mindset. Also, providing a 

platform for exchange between country specific 

management and global management often gives rise to 

important insights that would perhaps not be 

contemplated. Smart cities strive for a similar mindset and 

look for ways to make the society a contributor rather than 

a consumer and recipient, close to the “empowerment” 

efforts of patients by the pharma industry through apps 

and collaborations with patient organisations. Just like the 

cross-functional communication within a pharma 

company to work efficiently, a cross-disciplinary 

communication is essential for the materialisation of a 

smart city but also any city could be rendered more agile 

and flexible to unforeseen changes, contributing more to 

the well-being of people. 

The outlook for both systems is alike as well; 

interconnectivity, empowerment (of people and HCPs) 

and integration of machine learning algorithms are being 

investigated and tested to achieve more efficient 

operations [38,39] and involve the main parties involved, 

especially people using public services provided by 

infrastructure and people using medicines provided by the 

pharma industry.  

V. CONCLUSION 

Without a whole systems consideration, partial 

solutions can create emergent properties which are 

unintended and often undesirable, leading to new 

unpredicted issues. This is especially critical when there  

 are external systems co-evolving due to the behaviour 

of a complex system. Both complex systems, through the 

various interactions with the external word, have an 

impact on the operations and evolution of those complex 

systems, e.g. new ways of working. 

We attempted to identify some analogies between 

infrastructure and pharmaceutical companies in the hope 

of a better understanding of the operations of and 

connections with each other as well as inspirations about 

finding solutions from these two similar, yet distinct 

complex systems. Table I shows some of the identified 

analogies. The two systems are especially distinct when 

looked at the historical governance of each: while the 

pharmaceutical industry is fully private and has never 

been under state governance, the infrastructure has been 

under governmental management and is now only 

partially privatised. While “privatisation” has a negative 

connotation, it is also evident that companies have an 

incentive to succeed and hence have to decide and act fast, 

making it easier for the public to receive certain services. 

Additionally, the pharmaceutical industry can be an 

example showing how public regulations can help shape a 

private industry to be as beneficial as possible to the 

public. In fact, companies are increasingly understanding 

that achieving a mindset of serving stakeholders is critical 

to success, thus creating value for their shareholders. 

Both infrastructure, in its provision of critical services to 

cities, and pharma in its provision of drugs to people are 

embracing social responsibility but still have lots to 

address. The increasing numbers of impoverished people 

in global populations mean that access to critical services 

and to drugs is more and more difficult to satisfy. This 

positive feedback loop just exacerbates the challenges of 

equitable provision of critical services and drugs.  

Overall, we can state that both systems are long-lived 

investments with a legacy, are driving innovation in order 

to meet changing demand, have constraints to what they 

can do and must co-evolve with others outside their own 

boundaries, and can create unexpected outcomes despite 

investment in testing, modelling and trialling.   

We believe that these analogies can serve as a basis for 

opportunities for both complex systems to learn from each 

other and serve as a basis to identify gaps. Best practices in 

the establishment of the pharmaceutical industry, e.g. in 

terms of compliance, digital transformation or the 

interaction with the public stakeholders might inspire city 

planning with new infrastructure concepts. 
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