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Introduction

In recent years the inaccessibility of pharmaceuticals due to price and demand have
resulted in users forgoing treatment or attempting to extend doses to reduce cost (Beran, 2018;
Kantarjian, 2014). Pharmaceuticals treat a variety of illnesses and conditions that are otherwise
immediately life threatening such as cancers and diabetes. The cause of these pricing issues is
frequently under debate as to whether manufacturers, insurance companies, high demand,
monopolies, or intellectual property preventing generics are the cause of these pricing
deficiencies in the United States.

To address the growing demand of pharmaceuticals and increase supply to decrease price
and increase accessibility, this project seeks to design a more efficient Keytruda manufacturing
facility. The facility will function as a contracting facility for Merck & Co. to meet the rising
demand for this drug which has expected user growth from 1 million to 2 million users by 2024
(Liu, 2022). The technical improvements to this facility include the use of process intensification
steps: semi-continuous perfusion bioreactor and precipitation chromatography. The purpose of
these improvements is to reduce the use of expensive Chinese Hamster Ovary (CHO) cells from
the master cell bank and to increase the efficiency of purification steps to increase yields.

While technical factors are the primary avenue to decrease costs, understanding the non-
technical factors that contribute to the pricing issues with pharmaceuticals is also important to
increasing accessibility and affordability. Specifically, the evolution of insulin production
systems as their shaping by society over the past century into mature systems by governing
bodies, lobbying, research and development, intellectual property, and innovations in the

industry have contributed to the high costs associated with many pharmaceutical products.



To effectively reduce the cost of pharmaceuticals, both the technical and social aspects of
the problem must be addressed. If only one aspect of the project is attended to, pricing may be
reduced in the short-term, but over time significant changes to the system or environment that
controls Keytruda pricing could cause significant price changes negating the gains achieved by
the improved manufacturing facility. Using chemical processes and modelling my team will
address this issue by developing the design of a Keytruda manufacturing facility that will meet
growing demand. I will apply the theory of Technological Momentum to the pricing issues
related to NovolLog analog insulin produced by Novo Nordisk to analyze the development of
pricing issues and the societal influences that have resulted in the unaffordability of NovolLog

insulin in the United States.

Technical Project Proposal

Antibodies help the body fight against infections and diseases; monoclonal antibodies are
single antibody clones that can be artificially replicated for large scale production and treatment
for specific diseases (Carter, 2021; Daintith, 2010). They can be used for cancer treatment by
specifically targeting cancer cells to destroy them, block cells from multiplying, or to deliver
other treatments, such as chemotherapy (Cleveland Clinic, 2022). As of 2021, cancer is one of
the leading causes of death in the United States (CDC, 2021). Pembrolizumab (Keytruda), is a
monoclonal antibody manufactured by Merck & Co as a treatment for advanced melanoma, lung,
bladder, stomach and colon cancers (Merck & Co., 2019). It averaged a 38% reduction in risk of
death due to cancer versus chemotherapy, and it drew 17.2 billion dollars in sales in 2021 alone,

the fourth highest sales of all pharmaceuticals on the market (Dunleavy, 2022; Merck, 2020).



While pembrolizumab offers oncological benefits over chemotherapy, such as increased
efficacy and reduced negative side effects, mAbs including pembrolizumab are insufficiently
accessible in low to middle income countries (LMICs) due to differences in global regulations, a
lack of government and manufacturer awareness towards registering mAbs, and a lack of
healthcare infrastructure required for mAb production (Reck et al., 2016; Wellcome, 2020). The
high cost of mAbs leads to these barriers in both LMICs and underprivileged regions of high-
income countries (Wellcome, 2020).

In June 2020, the FDA approved pembrolizumab as the first-line treatment for people
with two different types of colorectal cancer. This is the first immunotherapy approved as a first-
line treatment in the US, which would be administered to people without chemotherapy. With the
pembrolizumab patent due to expire in 2028, it is an opportune time to develop a cheaper

alternative process to the current one (Hagen, 2021).

We plan to design a more efficient pembrolizumab manufacturing plant. Operating with
perfusion or continuous bioreactors instead of batch bioreactors allows for increased product
quality and productivity (Yang et al., 2019). Currently, the most expensive part of the process is
the chromatography used to separate and purify the final protein product; many chromatography
methods have been explored to optimize chromatography cost, including continuous antibody
precipitation (Burgstaller et al., 2019). We will utilize Chinese Hamster Ovary (CHO) cells to
express pembrolizumab in a perfusion reactor and precipitation chromatography supplemented
by other continuous filtration methods for product purification.

The general mAb production process can be described by several stages of processing:

fermentation, purification, formulation, and fill/finish. Fermentation uses bioreactors to grow



CHO cells to produce the active ingredient. Purification processes use filtration methods such as
chromatography columns and membrane-based separations to isolate the active ingredient from
impurities after fermentation. Formulation adds excipients to aid in transport, patient delivery,
and stability of the drug substance. Following filtration, to ensure patient safety and drug purity,
the drug product is filled into a vial or syringe and packaged as a final product. We will design
these elements and the utilities and disposal systems needed for a pharmaceutical manufacturing

site (Kelley, 2009).
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Figure 1. General Process Flow Diagram for Continuous mAb production (Kornecki et al., 2019).

We will design the facility to produce 1400 kg of pembrolizumab annually to provide
approximately 7 million doses, accounting for 20% of the 2024 projected demand, as users of
pembrolizumab are projected to double (Liu, 2022). This growth in demand is driven by
pembrolizumab’s continued market lead in treating lung, gastric, and kidney cancers with the
potential for use in early-stage treatment around surgery (Dunleavy, 2022).

Matlab and Aspen Plus V11 will be used as a process simulation tool to design our
equipment and to obtain appropriate material and energy balances. This design process will take

place over two semesters in a team of five people as a part of CHE 4474 and CHE 4476. We plan



to work fluidly as a team on all parts: upstream, downstream, formulation, WFI production, and
packaging. We will meet weekly to analyze progress.
STS Project Proposal

In the United States, the costs of rapid-acting analog insulins such as NovoLog, produced
by Novo Nordisk, have long been compared to that of other countries due to the financial burden
it often presents thus reducing access and affordability (Beran, 2018). In 2018 the price for such
a product averaged $111.39 in the United States vs. $8.19 outside of the United States (McGrail,
2020). The need for life saving insulin is a life and death matter with some financially stressed
users rationing doses to cut costs which poses great risk to ketoacidosis, the condition insulin is
used to prevent.

Many factors are considered to contribute to the pricing issues related to NovoLog such
as monopolies by the three manufacturing companies that produce insulin including Novo
Nordisk, the maker of NovoLog. Other factors include Novo Nordisk’s development of analog
insulins such as NovoLog differing from the original human and animal insulins, research and
development costs, lack of price controls, and the role of intellectual property (Beran, 2018). The
specific actors such as the government agencies, manufacturing and insurance companies, and
other groups have previously been analyzed for their contributions to these pricing issues
(Rajkumar, 2020). The past analyses of this issue do not account for the maturity of these
complex insulin manufacturing systems that have been developing since the early 20t century
following the discovery of insulin in 1921 and founding of Novo Nordisk in 1923 (Novo Nordisk
History, n.d.). Novo Nordisk has gone through significant changes from solely producing animal
insulins from the pancreases of dogs and cattle, to the first human insulin produced from E. Coli,

to long lasting insulins, and analog insulins such as NovoLog (Quianzon, 2012). Not only has



insulin itself changed, but new delivery systems such as auto injector pens have been
implemented, complex regulatory systems have developed, the number and diversity of users has
vastly changed, and the global nature of business have all shaped the insulin manufacturing
industry. If only the modern factors are taken into account to explain the issues of NovoLog’s
pricing, then the societal influences and early roles that insulin initially played during its
evolution into a mature system will be ignored.

I will specifically research the pricing issues related to NovoLog, an analog insulin
produced by Novo Nordisk, and how the development from solely animal insulin production in
the 1920s to the modern system has resulted in these pricing challenges. Industrial insulin
manufacturing has developed for nearly a century and the modern system is not reflective of the
original systems. Novo Nordisk in 2021 had 140,800 million kroner in net sales, with marketed
products in 168 countries and 48,478 employees worldwide (Novo Nordisk, 2021). The original
patent for insulin from the University of Toronto sold for $1 and in 1982 a vial of insulin sold for
$14 per vial, today one vial of NovoLog could be sold in excess of $300 in the United States
(Hirsch, 2016).

The invention of insulin came from noble pursuits, however developments in
technology, delivery systems, research and development, users, and lobbying have vastly
changed the system that determines pricing. Novo Nordisk and the socio-technical system that
determine the pricing of its products have gained momentum; this has resulted in a system that is
far more rigid resulting in lofty prices resistant to change. Technological momentum seeks to
describe a technology as a socio-technical system that has momentum. This momentum is
characterized by a system acquiring increased diversity, complexity, scale, bureaucracy, social

integration, skills and knowledge to maintain, special-purpose machines, and processes, and



large physical infrastructure. As a technology gains momentum people and groups become more
invested in the system’s maintenance and perpetuation. Also, the system begins to exert
increasing influence on the society that developed it. These characteristics give the system
durability, inertia, rigidity, and a resistance to change that can only be overcome by major events
in the system’s environment. | will use Hughes’ “Networks of power: electrification in Western
society, 1880-1930” as a model for technological momentum, the Novo Nordisk History, and
“High-growth firms in changing competitive environments: the US pharmaceutical industry”
(1963 to 2002) to examine how the insulin manufacturing system has gained momentum

(Hughes, 2005; Novo Nordisk History, n.d.; Mazzucato, 2015).

Conclusion

The deliverable for the technical problem discussed in this paper will be the complete
design of a Keytruda manufacturing facility containing upstream, downstream, formulation,
fill/finish capabilities and the necessary utilities, disposal systems, and WFI production
necessary to produce 1400 kilograms of mAb product annually. This facility will provide
Keytruda in quantities to capture 20% of the expected demand by 2024. The STS research paper
will seek to analyze the pricing issues related to NovoLog, an analog insulin product produced
by Novo Nordisk, in the United States. This will be completed by using Technological
Momentum concepts to explain the evolution of the insulin manufacturing and pricing systems
and how society and influences shaped early production, but the momentum acquired by the
insulin manufacturing system has made pricing rigid. The results of the STS research paper will
inform the technical project through determination of how to prevent manufacturing systems

from developing momentum that results in inaffordability to the intended users. This will alter



design considerations for the Keytruda manufacturing facility to ensure the prices are reduced in
the near future and after the maturity of the system. The combined results of this report will serve
to address the inaccessibility and unaffordability of pharmaceuticals in the United States by
designing a facility to meet growing demand and explain how the development of the

manufacturing systems has led to stiff and unaffordable pricing.
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