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As insulin prices have skyrocketed over the past century, a growing number of diabetic 

patients struggle to afford their medication, specifically insulin. The increase in prices prevent 

many patients from accessing insulin and result in non-adherence to their prescribed insulin 

doses, leading to dire health consequences. The purpose of this work is to analyze how the price 

of insulin increased drastically over time as a result of extended pharmaceutical patents, FDA 

regulations, and examine the reason behind the lack of generic insulin alternatives on the market. 

To make insulin more accessible for diabetic patients, the insulin market must be reformed to 

encourage the development of biosimilar insulin alternatives, regulate insulin supply chain price 

increases, and monitor the adherence to insulin of diabetic patients.  
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Introduction 

As more scientific advances increased the complexity of both the production and the 

molecule itself, insulin prices have soared over the years. Insulin was discovered in 1921-22 by 

Banting and Best after researching the effect of canine pancreatic extract on diabetic dogs (Bliss, 

2007). Following the purification and identification of the insulin protein, many alterations have 

been made to increase its efficiency, from the medication’s pharmacokinetics to production 

processes. Each of these incremental advancements to insulin has enabled the parent 

pharmaceutical company to create or extend existing patents on the drug while raising prices. 

Currently, an oligopoly exists within the insulin market, comprising of the pharmaceutical 

companies Eli Lilly, Sanofi, and Novo Nordisk (Greene & Riggs, 2015). The three companies 

dominate the market with their respective brand insulins without any competition from other 

pharmaceutical companies or generic insulin alternatives.  

Throughout the history of insulin and the medication’s many derivatives, Eli Lilly, Novo 

Nordisk, and Sanofi, along with other companies in the insulin supply chain, have raised the 

prices of insulin significantly to where many diabetic patients now struggle to afford their 

essential medication. Due to the high cost of insulin in the form of co-pays, deductibles, or out-

of-pocket pricing, various diabetic patients across the nation have resorted to rationing their 

insulin supply or attempting to use insufficient insulin alternatives (Herkert, Vijayakumar, & 

Luo, 2018). Skipping insulin doses or using the wrong type of insulin for treatment results in 

many negative health outcomes including blurred vision, fatigue, and fatal diabetic ketoacidosis 

in extreme cases (Masharani & German, 2018).  

Radical changes are needed within the insulin market to decrease the cost of the vital 

medication and increase the access of it for patients. Prices of insulin have risen due to prolonged 
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brand insulin patents, lack of generic alternatives, and price markups from dispensing and billing 

companies (Cefalu, Dawes, & Gavlak, 2018). Additionally, to increase access to insulin for 

diabetic patients, progress must be made within the insulin market to change FDA regulations for 

generic insulin alternatives, regulate price increases within the distribution process, and closely 

monitor diabetic patients for insulin affordability issues.  

 

The Risk of High-Cost Insulin  

As the price of insulin continues to increase, many Americans continue to struggle to 

afford the essential medication needed to treat their diabetes. In a clinical study comparing 

insulin use to cost, it was found that 25% of diabetic patients underused the treatment and had a 

high correlation with poor glycemic control (Herkert, Vijayakumar, & Luo, 2018). The study, 

conducted at the Yale Diabetes Center, illustrates the relationship between the cost of insulin and 

its impact on diabetic patients. Of the patients that skipped their insulin treatment, 60% reached 

out to their provider to ask for a lesser cost alternative (Herkert, Vijayakumar, & Luo, 2018). The 

increase in rising insulin costs have led to the “skipping” and underuse of insulin of diabetic 

patients.  

Unfortunately, some diabetic patients have passed away from a lack of access to insulin. 

From 2017-2019, ten diabetic patients across the United States died from diabetic ketoacidosis as 

a result of rationing their insulin supply (Right Care Alliance, 2020). The age of the patients 

ranged from 20 to 48 years, all of whom struggled to afford the price of insulin either from self-

paid means or through high insurance costs. Four of the diabetic patients who passed attempted 

to use a less expensive insulin alternative to continue their treatment, but unfortunately still 

succumbed to diabetic ketoacidosis due to the ineffectiveness of the alternative treatment; in 
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other words, due to the inability of the lower-cost insulin to treat their diabetes sufficiently 

(Right Care Alliance, 2020). Insulin is a medically necessary drug required for the treatment of 

many diabetic patients across the country and should be afforded by all to increase access to the 

medication and improve upon and maintain good quality health.  

 

Importance of Insulin 

 The issue of skyrocketing insulin prices affects a large portion of the U.S. as over 30 

million Americans have diabetes (Center for Disease Control and Prevention, 2011). Diabetes is 

an endocrine-related disease in which no insulin is produced, as referred to as Type 1 diabetes, or 

in which the body becomes resistant to the protein, denoted as Type 2 diabetes. Type 1 diabetes 

develops as a result of the immune system destroying the beta cells of the pancreas, which are 

responsible for producing insulin (Center for Disease Control and Prevention, 2011). The 

consequence of losing pancreatic beta cells is the inhibition of insulin secretion. The only 

treatment for Type 1 diabetes is the use of insulin via pumps or injections. Type 2 diabetes 

occurs as a result of insulin resistance due to the improper use of insulin by cells in the body. 

Insulin resistance eventually causes an increased need for insulin and reduces the ability of the 

pancreas to produce insulin (Center for Disease Control and Prevention, 2011). Typically, Type 

2 diabetes is treated with Metformin, sulfonylureas, thiazolidinediones, and insulin.  

 Typically, Type 1 diabetes is treated with a combination of a rapid-acting or regular 

insulin with an intermediate or long-lasting insulin, while insulin mixtures should be avoided due 

to their risk of hypoglycemia (Masharani & German, 2018). Type 1 diabetic patients should have 

at least three doses of insulin per day that are usually administered by a pump for flexibility and 

convenience for the patient (Masharani & German, 2018). Type 2 diabetic patients are usually 
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prescribed other therapeutics before seeking insulin as a treatment. The treatment differs from 

that given to Type 1 diabetic patients in that Type 2 diabetes is dependent on the insufficiency of 

pancreatic beta cells and insulin sensitivity of cells rather than the destruction of pancreatic beta 

cells by the body (Masharani & German, 2018). 

If not regulated in insulin-dependent diabetic patients, a deficiency in insulin can lead to 

severe health consequences, such as diabetic ketoacidosis. An acute insulin deficiency causes 

stored energy from muscle and fat depots to be mobilized, which rapidly releases amino acids 

into the circulatory system to be transferred to the liver. These amino acids are converted into 

glucose and fatty acids which are further converted into the ketones of acetoacetate, β-

hydroxybutyrate, and acetone (Masharani & German, 2018). The lack of insulin also affects the 

liver, in relation to glucagon, by promoting the production of ketones and glucose. While ketones 

and glucose molecules are produced in the liver, the cellular uptake of the molecules is reduced. 

This increased production and decreased uptake relationship increases the concentration of both 

glucose and ketones in the blood (Masharani & German, 2018). An increase in these two 

molecules causes the blood to reach a mild state of acidosis, or a pH level just below 7.35, which 

causes an increase in urination to attempt to expel the glucose and leads to symptoms of 

dehydration such as vomiting and nausea, eventually leading to impaired consciousness 

(Masharani & German, 2018). As blood osmolality increases and acidosis progresses, the body 

attempts to eliminate carbonic acid in the blood by increasing the ventilation rate. If acidosis 

progresses below a level of pH 7.0, it can be fatal to a patient by causing a cardiovascular 

collapse (Masharani & German, 2018). In Type 2 diabetes, the threat of insulin deficiency is less 

severe, but still impacts the health of the patient greatly. If not regulated, the low insulin levels of 

a patient can lead to hyperglycemia in which the blood contains high levels of glucose. At low 
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insulin levels, Type 2 diabetic patients may experience chronic skin infections, retinopathy, or 

foot pain. At severely low insulin levels, Type 2 diabetic patients may experience blurred vision, 

polyuria, thirst, and fatigue (Masharani & German, 2018).  

To regulate blood sugar levels and prevent any negative side effects from occurring, 

diabetic patients must adhere to their prescribed treatment. However, patients may struggle to 

adhere due to unaffordability of the insulin. The list prices of all brand insulins have significantly 

increased in the past decades, which has made many diabetic patients struggle in attaining their 

needed supply. 

 

  History of Insulin  

The many forms of insulin that are administered today are much safer and more efficient 

than the insulin that was initially discovered and extracted. There is a long lineage of 

biochemical modifications to insulin that impacted the structure of the protein has produced 

many subtypes that have influenced the rising price of the essential medication. It is important to 

delve into the history of insulin to understand the complexity and high cost of insulin that exists 

today.  

The discovery of insulin began in the early 1920’s by researchers Frederick Banting and 

Charles Best under the directorship of John Macleod at the University of Toronto while 

researching pancreatic secretions. Banting and Best were able to isolate the original Insulin form, 

known as “Isletin,” by first de-pancreatizing canines. Although unknown at the time of study, 

this procedure of ligating the pancreatic ducts disabled the canine cells to uptake glucose, thus 

synthetically rendering them diabetic (Bliss, 2007). The purpose of this was to prevent the 

pancreas of the dogs to produce external secretion so that Banting and Best could focus on the 
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internal secretion of the organ. A chosen diabetic dog from their sample received a 

pancreatectomy, and the removed pancreas was processed and frozen into samples. An extraction 

of the internal secretions of the pancreas were obtained by grinding, filtering, and extracting the 

resulting liquid. The researchers injected the extract back into the diabetic dogs. After observing 

a decrease in blood sugar levels, the researchers began testing on other species, such as 

artificially rendered diabetic rabbits and cats. Once the results on these species were deemed 

successful, the researchers were then able to test the pancreatic extract on humans in clinical 

trials, which reduced human blood glucose levels successfully (Bliss, 2007).  

Following the success of their research, Banting, Best, and the affiliated University of 

Toronto, eventually created a patent for the drug to enable the university to license contracted 

pharmaceutical companies to produce the drug (Bliss, 2007). By implementing this, the 

researchers and university wanted to allow companies to produce the drug for the health of 

diabetics in an effort to prevent any one company or person from monopolizing the drug. 

Initially, the researchers contracted with the pharmaceutical company Eli Lilly to improve 

purification techniques that enabled them to produce mass quantities of the protein for both 

North America and Britain (Bliss, 2007). By 1924, the drug companies of Eli Lilly, Nordisk, and 

Hoechst were mass producing and marketing bovine pancreatic extracts independently of one 

another (Moroder and Musiol). However, the extracts that were being mass produced were not 

completely purified, which caused diabetic patients receiving the drug to have immunological 

reactions to it, i.e. patient side effects included an immune response to the medication. 

Consequently, research was underway to produce a further purified version of insulin. 

Throughout the 1930’s to the 1950’s, the original formula of Insulin was altered to 

prolong the effects of it. In the 1930’s, protamine proteins and zinc were added to the drug, 
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which improved the absorption of the insulin and created Neutral Protamine Hagedorn (NPH) 

(Greene & Riggs, 2015). This development enabled long-acting and short-acting versions while 

decreasing the injection frequency to once a day and resulted in an additional patent for the drug. 

In the 1950’s, a slow form of insulin was created without the addition of protamine, and again 

extended the patent for the drug well into the 1970’s (Greene & Riggs, 2015). In 1955, the 

specific amino acid and chain link structure of insulin was discovered by Frederick Sanger, who 

confirmed that insulin existed as two peptide chains that are cross-linked by one intrachain 

disulfide bridge and two interchain disulfide bridges (Moroder & Musiol, 2017). Throughout the 

rest of the 1950’s, research efforts were made to chemically synthesize insulin by assembling 

alpha and beta chains of the insulin peptides through oxidative folding of the correct disulfide 

pattern. However, this method of synthesis would only yield 2.5% of insulin within a mixture, 

which was not a high enough yield for industrial reproduction of the drug (Moroder & Musiol, 

2017). Although the primary structure of insulin was discovered and slightly modified through 

biochemical methods, the reproduction of insulin still needed much research into its 

immunological effects and increased synthesis efficiency for mass production.  

By the 1970’s, the immunological side effects of the drug were reduced by improving the 

purity from the cow and pig pancreas extractions that extended the patents into the 1980’s. 

Eventually the semi synthesis of insulin was researched for better promising yields, which laid 

the foundation for using single-chain proinsulin structures in rDNA technology (Moroder & 

Musiol, 2017). During the same time, recombinant technology was invented, and the 

pharmaceutical companies incorporated the novel technique into their insulin production, which 

resulted in the production of Humulin R and N(NPH), both produced by Eli Lilly, while bovine 

insulin was chemically converted into human insulin by Novo Nordisk (Greene & Riggs, 2015). 
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From these innovations, the Insulin patents were again renewed until the 21st century. In the 

1980’s, single amino acid substitutions were incorporated in the insulin structure, which 

increased the absorption of the drug further and enabled the drug to more closely resemble 

endogenous pancreatic release of insulin (Greene & Riggs, 2015). These forms of the drug 

developed into the short-acting insulin analogs of lispro, aspart, and glulisine in 1996, 2000, and 

2004, respectively, along with the long acting NPH analogs of glargine in 2000 and detemir in 

2005 (Greene & Riggs, 2015). This advance awarded the companies with additional patents that 

would eventually expire in 2014. Following the expiration of these patents, regulation 

organizations, such as the Food and Drug Administration (FDA) and the European Medicines 

Agency (EMA) approved biosimilar version of insulin, such as insulin glargine (Greene & 

Riggs, 2015).  

Within the history of insulin, a pattern emerges in which novel technological innovations 

lead to a specific biochemical modification to insulin that creates new patents or prolongs 

existing patents made by one of the three insulin producing pharmaceutical companies. Each 

successive modification improved the efficacy of the medication through improvement to the 

respective structure, such as synthesizing a long-acting insulin, or improving the production of 

insulin, as with utilizing recombinant biotechnology to produce greater yields. The advances that 

have occurred over time with insulin have made the protein more efficient, safe, and easier to 

manufacture (Moroder & Musiol, 2017). Eli Lilly, Sanofi, and Novo Nordisk have profited 

greatly from the many developments of insulin as no competition exists within the United States 

company within the insulin market aside from the three companies. Furthermore, all the brand 

name insulins that were patent protected, or continue to be patent protected, are still the only 

insulins that are available for diabetic patients’ treatment. Unlike other pharmaceuticals, there is 
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no generic substitute that exists for band name insulins to date. Typically, while maintaining the 

identical active ingredients and dosage, generic pharmaceutical medications are a fraction of the 

cost compared to brand name medication. Therefore, having only brand name insulin available to 

diabetic patients is a significant issue due to the negative financial impact that the high prices 

have on diabetic patients, as mentioned beforehand. The possibility of developing a generic 

substitute for insulin, known as a biosimilar, is the future of insulin research as patents on brand 

name insulins expire (Simoens, Verbeken, & Huys, 2011).  

 

An Alternative to Brand Insulin   

 The history of insulin differs from many other pharmaceuticals in that after one hundred 

years after its discovery, only brand versions of insulin have been developed and no generic 

substitutes exist for any brand insulin. Due to the biological nature of insulin, the medication 

differs from most other chemical pharmaceuticals. Instead of consisting of a specific, small 

chemical structure that can differ slightly from its generic, as with other pharmaceuticals, insulin 

is a large protein. However, biosimilars are a potential substitute for the drug. Biosimilars are 

defined as biological copies of existing biological medicines that are no longer in protection of a 

patent (Heinemann, 2015). Currently, the technology that is available is not able to characterize 

the specific structure of many biosimilars in general as there is variability in its molecular 

components (Simoens, Verbeken, & Huys, 2011). To be marketed, a biosimilar must possess the 

characteristics of being similar in quality, efficacy, tolerability, purity, and potency to its parent 

drug (Simoens, Verbeken, & Huys, 2011). 

Diabetic patients would greatly benefit from a generic alternative for brand insulin due to 

the lower price it would be for patients. Compared to other pharmaceuticals, biosimilars 
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currently have an increased cost due to their regulation policies. Due to the biosimilars being 

biological molecules, the drugs have to be tested in clinical trials to ensure their efficacy and test 

for any immunological responses (Simoens, Verbeken, & Huys, 2011). On the contrary, 

pharmaceutical drugs that are chemically synthesized do not need to undergo clinical trials as 

long as they are proven to be of the same mechanism. Due to the need of clinical trials, the 

pharmaceutical companies need to make up for the lost profit and therefore often increase the 

price of the biosimilar. Each biosimilar needs to not only test its therapeutic efficacy in cell 

cultures, but in humans as well. Biosimilars also have increased research and development costs, 

as compared to chemical pharmaceuticals. For instance, the average time for a chemical generic 

drug to be developed is three years, whereas for a biosimilar it takes on average six to nine years 

on average for development and research (Simoens, Verbeken, & Huys, 2011). For generic 

chemical medications, the drug only needs to demonstrate that it is both the pharmaceutical and 

biological equivalent to its parent drug. For biosimilars, the drug needs to be tested in Phase I-III 

clinical trials, which expends much time and money to compensate participants and to conduct 

the trials (Simoens, Verbeken, & Huys, 2011). Prices for biosimilar research can be raised even 

after the product is on the market to ensure its safety and efficacy. The regulations that are 

applied to biosimilar medications are the same that the brand insulins must undergo. Although 

the cost of biosimilars may initially be high, having a biosimilar alternative introduced to the 

insulin market would create competition and potentially lower the cost of certain insulins 

options, and thus increase the access of insulin to diabetic patients. 
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Economics of Insulin 

When Banting and Best discovered insulin a century ago, the intentions of the researchers 

were to make the medication available for free or at a low cost (Bliss, 2007). Currently, list 

prices for insulin vials are for up to hundreds of dollars. The method of administration of insulin 

has also changed since the time insulin was first available. Insulins are available in various 

delivery methods; subcutaneously via pump, or injected via pen or vial and syringe; infused 

intravenously via an IV; or inhaled from a cartridge (Therapeutic Research Center, 2019). 

Generally, vials of insulin are the lowest price, while pens are costlier, and cartridges are the 

most expensive. Vials remain to be the most commonly used while prefilled pens are becoming 

more popular for diabetic patients due to the convenience of use associated with them. As history 

reveals, the same three pharmaceutical companies, Eli Lilly, Novo-Nordisk, and Sanofi, 

manufacture all insulin and dominate the insulin market within the U.S. Although history also 

suggests that these three companies are behind the markups in price, other companies, such as 

insurance companies and Pharmacy Benefit Managers, attribute to the increase in price as well.  

Recent Increases in Insulin Prices  

Although many brand insulins have existed for at least a decade, the overall price for 

insulins have recently increased drastically within the decades prior to this research. All current 

brand insulins are produced by recombinant technology; insulins are manufactured as either 

traditional or synthetic insulins. Synthetic insulins, also referred to as insulin analogs, differ from 

traditional insulins in that they have slightly modified amino acid sequences or structural 

alterations (Biniek & Johnson, 2019). Despite the difference in characterization and usage, all 

brand insulins on the market have experienced a significant increase in price, as seen in Table 1. 
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As represented in Table 1, all brands of insulin have an acquisition price, or wholesaler 

list price, of over $100 for a 10 mL vial of 100 units of insulin per milliliter (100 units/mL). This 

is a base price for insulin as many of the brands cost more for other delivery methods, such as 

prefilled pens and cartridges. Prefilled pens, compared to vials, cost two to three times more than 

the price of a vial of the same brand and dosage of insulin. For instance, a vial of Humulin® N 

costs $178 while a package of Humulin® N pre-filled pens costs $570 (Beth Israel Lahey Health 

Performance Network, 2019). As mentioned, the vials typically contain 10 mL of insulin 

solution. The vials contain less insulin than prefilled pens that are available in packages of five 3 

mL prefilled pens that are 100 units/mL each. The prefilled pens of insulin contain an extra 5 mL 

of insulin solution and are more convenient to use for diabetic patients as the pens do not require 

syringes to administer the insulin. Using a pen instead of a syringe prevents the patient from 

making any measurement errors and is quicker to use. 

Insulin 

Type 
Category Generic Name Brand Name Manufacturer 

Average 

Price for 10 

mL Vial 

B
as

al
  

Traditional 
NPH Humulin® N Eli Lilly  $178  

NPH Novolin® N Novo Nordisk $150  

Synthetic 

insulin glargine Lantus® Sanofi  $272  

insulin glargine Toujeo® Sanofi  $373  

insulin glargine Basaglar® Eli Lilly  $405  

insulin detemir Levemir® Novo Nordisk $300  

insulin 

degludec Tresiba® Novo Nordisk $495  

M
ea

lt
im

e 
 Traditional 

human regular 

insulin Humulin® R Eli Lilly  $178  

human regular 

insulin Novolin® R Novo Nordisk $150  

Synthetic 

insulin 

glulisine Apidra® Sanofi  $270  

insulin lispro Humalog® Eli Lilly  $260  

insulin aspart Novolog® Novo Nordisk $270  

Table 1: Insulin Brands and their Respective Prices per Vial as of 2019 (Beth Israel Lahey 

Health Performance Network, 2019) 
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Despite being more convenient to use, prefilled insulin pens such as the Humulin® N 

Kwikpen® have a higher unit price than the vial for Humulin® N. For the Humulin® N brand, 

the vial has a price of $0.18 per unit of insulin while the Kwikpen® has a price of $0.38 per unit 

of insulin (Beth Israel Lahey Health Performance Network, 2019). Although the unit prices may 

seem low at first, the actual cost of insulin for diabetic patients is much higher due to the daily 

dose of insulin that is needed for patients. An average of 60 units of insulin is required each day 

for diabetic patients (Biniek & Johnson, 2019). These prices have greatly increased in the past 

decade alone. As represented in Table 2, nearly all brand insulins had a markup in price from 

69% to 94% within the years of 2012 to 2019. The two brand insulins that are exceptions to the 

high markup, Toujeo® and Tresiba®, were not on the market until 2016 so their respective 

percentages represent the price increase over the three-year duration between 2016 and 2019. 

The insulin brand with the highest increase in price, Apidra®, had a 94% increase in price over 

the seven years. The increase in price of Apidra® is illustrated in Figure 1, which shows a steep 

increase in price from 2012 to 2016. Many of the other insulin brands reflect this same pattern 

with most of the increase in price occurring from 2012 to 2016. 

  Average Price per Product ($)   

Product 2012 2014 2016 2019 Change in Price  

Humulin® N 68 95 131 178 89% 

Novolin® N 67 89 108 150 76% 

Lantus® 123 211 243 272 75% 

Toujeo®     328 373 13% 

Levemir® 124 211 264 300 83% 

Tresiba®     440 495 12% 

Humulin® R 68 96 132 178 89% 

Novolin® R 68 93 93 150 75% 

Apidra® 97 169 240 270 94% 

Humalog® 127 178 241 260 69% 

Novolog® 127 176 237 270 72% 

Table 2: Prices of Insulin Brands from 2012-2019 (Biniek & Johnson, 2019) 



14 
 

 

Figure 1: Increase in Price of Apidra® from 2012-2019 (Biniek & Johnson, 2019) 

Within the seven years of monitoring the price of insulin, there were no changes to the 

structure of the insulin nor was there a market shortage that would explain or justify the markup 

in cost. The rate of inflation only accounts for a small percentage, less than 10%, of the changes 

in price. Rather than changes in the market causing this large increase in price, the change is 

caused by each company increasing the price of their respective brand insulins steeply overtime.  

Patent Protections of Insulin  

As previously mentioned, the structure of insulin has been biochemically modified in various 

ways over time. With each modification, a patent was either created or extended in the parent 

companies’ interest to reserve the right to the specific structure. The determination of the price 

and decision to extend the patent often relates to the pharmaceutical company to invest in the 

insulin subtype. Many of the recent regulations in relation to biological drug patents derived 

from the Biological Price Competition and Innovation Act (BPCIA), passed by Congress in 2010 

as part of the Patient Protection and Affordable Care Act (Timmis, 2015). The BPCIA also 

applies to biosimilars in that it requires longer exclusivity periods for new biosimilars as well as 

the “parent” drug that the biosimilar was derived from (Timmis, 2015). This prevents other 
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resulting from competition entering the market. Another aspect under this legislation is the 

duration period for the exclusivity of a patent. The original referenced product of a biosimilar is 

protected for 12 years before another biosimilar drug can be licensed and marketed as generic for 

the parent drug. However, if the original drug is modified before the 12-year time frame, then the 

patent can be extended further than 12 years, potentially delaying the launch of another 

biosimilar even further (Timmis, 2015). There is limited transparency into existing biosimilar 

patents, which makes the development of other biosimilar patents difficult. Lack of access to 

specific details to biosimilar insulin patent makes infringement cases more likely to ensue with 

the possibility of unintentionally developing a copied structure of one protected by a patent 

(Timmis, 2015). Patents raise the price of insulin by creating a brand-only market and 

discouraging manufactures of biosimilar insulins.  

The Manufacturing Process of Insulin 

Overall, biological medications, such as insulin, are typically more expensive than chemical 

pharmaceuticals to produce. The biotechnical firms that produce insulin focus 30-100% of their 

revenue on the research and development of a drug depending on how experienced the 

biotechnical firm is in drug developments (Timmis, 2015). For example, larger companies such 

as Eli Lily spend a smaller percentage on development than an independent biotechnical firm. 

The large investment into researching and developing a drug such as insulin sets back many 

smaller or independent biotechnical companies from researching insulin subtypes as they 

frequently report financial loss from their high investment into the development portion of a type 

of insulin (Timmis, 2015). Due to the effort and financial expense that the biotechnical company 

makes into creating the drug, the company will patent the drug to make up for the financial 

losses that the company may have faced and to claim the rights to the structure of the drug. The 
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company also creates the patent to profit from the drug for the contracted time without 

competition from another company that produces a copy of that same drug as a generic.  

Biotechnology firms typically invest an estimated $1.2 billion on the production of 

biosimilar medications (Timmis, 2015). A main reason for why biotechnology firms invest large 

amounts of money into producing insulin is associated with the cost of developing and 

manufacturing the biological medication. The production of insulin is highly monitored and 

meticulous, as any error or deviation from optimal production conditions could greatly impact 

the quality and quantity of the final yield. The firms must consider any slight temperature 

changes, chances for impurities, and storage conditions that could lead to poor quality yields or 

contaminations. The materials to produce insulin often cost 20-100 times more than the materials 

to produce other types of pharmaceuticals (Timmis, 2015). 

Within the research and development portion of an insulin subtype, biotechnology firms 

must follow FDA guidelines and regulations. Being careful not to infringe on any active and 

existing patents, firms must produce a version of insulin that is different, yet more efficient or 

niche than a previous version of a referenced insulin to be successful and profitable in their 

development. Even after discovering a new modification to insulin, the subtype must be tested in 

many clinical trials before being patented and marketed. The standards and trials that the FDA 

requires increases the cost of the insulin as the biotechnology firms have to pay participants and 

conduct trials to ensure the efficacy of the developed insulin.  

The Insulin Supply Chain  

Following the manufacturing process, insulin is sent to a wholesaler, which sends the 

medication to a pharmacy that dispenses it to a patient. There is a transaction that occurs between 

the wholesaler and the pharmaceutical company for the insulin, as well as a second transaction 
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between the pharmacy and the wholesaler for the insulin. These transactions are reflected upon 

the patient for the cost of the insulin for a patient. The cost for the patient, if uninsured, would be 

the list price of the insulin. If insured, the cost for the patient is determined by their insurance 

company based on the respective health plan. Within the supply chain, insurance companies are 

contracted with Pharmacy Benefit Managers (PBMs) that decide the formularies for the health 

plans (Cefalu, Dawes, & Gavlak, 2018). PBMs also pay pharmacies for specific medications to 

be dispensed for patients that are part of the PBM’s contracted insurance company. Insurance 

companies pay a large portion of the cost of an insulin treatment, if covered by the patient’s plan, 

while the patient pays the rest of the remaining insulin cost in the form of a deductible, co-pay, 

or coinsurance (Cefalu, Dawes, & Gavlak, 2018). 

The major issue with the insulin supply chain is the lack of transparency that exists 

within the system. Many of the transactions that occur are confidential, so it is not known how 

much each intermediary company profits from the markup in price of insulin. In addition, 

pharmaceutical companies give rebates to PBMs to persuade the PBMs to include their 

manufactured insulins into formularies or to put them on lower formulary tiers for insurance 

companies (Cefalu, Dawes, & Gavlak, 2018). The inclusion of a specific brand insulin on a 

formulary of a health plan increases the likelihood of that insulin being used by more patients 

than if not included on a formulary. The inclusion of rebates to the supply chain attributes to an 

estimated half of insulin list prices (Cefalu, Dawes, & Gavlak, 2018). However, without 

transparency of these transactions and rebates that occur within the insulin supply chain, the 

increase in price of insulin cannot be fully determined. 
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Recommendations for Affordable Insulin 

Eli Lilly, Sanofi, and Novo Nordisk continue to profit from brand insulins at the expense 

of the health of diabetic patients. The system of insulin pricing is long overdue for a reformation 

to provide better access to insulin for diabetic patients. Many steps need to be executed by the 

U.S. government, insulin manufacturing companies, billing companies, and physicians to make 

insulin more accessible to the patients that need the essential medication. 

Regulation Reformation  

 The U.S. government has the potential to lower insulin prices by passing various 

regulations for pharmaceutical companies towards new and existing insulins. With the beginning 

of a new insulin, the government could prevent unreasonable launch prices for the insulin and set 

a maximum price that only increases proportionally to the rate of inflation (Rajkumar, 2019). By 

creating this cap on price, the companies would be limited on how much they would be able to 

increase the starting list price on insulin, thus lowering prices that are affected along the insulin 

supply chain. In addition, the regulatory and legal processes imposed by the FDA on insulin 

should be reformed to make the addition of biosimilar insulins to the insulin market easier and to 

lessen the possibilities of lawsuits due to patent infringement cases (Rajkumar, 2019). Due to the 

strict regulations on biosimilar insulin, as mentioned beforehand, it is difficult for biosimilars to 

enter the insulin market. If the FDA required more transparency of the brand name insulin 

patents, then the development of biosimilars would be more encouraged and tested by the FDA 

while bringing competition to the insulin market, thus lowering the price of the referenced brand 

insulin. In addition to requiring transparency of brand name insulin patents, the FDA should 

impose restrictions on insulin patent lengths. Currently, brand insulins are protected by patents 

that last for up to 12 years in which a biosimilar insulin, if available, cannot be produced within 
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the 12 years’ time without infringing on the patent (Rajkumar, 2019). By requiring brand insulin 

patent lengths to be shorter than the current duration, more biosimilars can enter the market in a 

shorter duration of time than is currently needed. Besides imposing regulations on current and 

future brand insulins, the government could provide funding for the research into the 

development and production of biosimilar insulin, providing incentive for the three major insulin 

manufacturers or other pharmaceutical companies to produce more affordable insulin (Rajkumar, 

2019). 

 Although government regulations would highly impact insulin prices if executed, they are 

unlikely due to the free enterprise nature of the insulin market. Many of the regulations limit the 

powers and rights that Eli Lilly, Sanofi, and Novo Nordisk have in the insulin market. The 

regulations imposed by the FDA would require the agency to have power over the three 

companies and would require them to uncover information that may be considered confidential, 

such as brand insulin structures, in order to provide more transparency of the exact details of a 

brand insulin that patents are protecting. With increased clarity into the brand insulin patents, 

biosimilars could be developed without any fear over infringement cases.  

Supply Chain Transparency  

 The rebates, discounts, and fees that are referenced from insulin list prices should be 

minimized for PBMs and other intermediary companies, while rebates should be maximized for 

diabetic patients when receiving their insulins at hospitals or pharmacies. The manufacturer of 

the insulin should not only send rebates to PBMs but to the patients themselves, as well as to 

pharmacies and hospitals to lower the cost of insulin directly for patients. In addition, health care 

plans should monitor diabetic patients and plans to ensure that the patients are able to afford and 

access insulin based on their respective plans. A feasible way to execute this would be to survey 
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diabetic patients within the health plans monthly or every three months on the ability of the 

patient to afford their insulin. More transparency is needed into the transactions that occur within 

the insulin supply chain to determine a solution on what companies need to be regulated the most 

and how much insulin can be marked up in price by each transaction. Health care plans should be 

surveying individualized plans and patients to determine insulins that should be included in their 

tiers and formularies rather than basing the lists on the prices of insulin.  

Patient Monitoring   

 Healthcare providers have the least amount of power over the prices of insulin. However, 

physicians are key to prescribing the most efficient brand of insulin to diabetic patients and 

determining the success of a treatment. Providers are also the most attainable for diabetic 

patients to express their issues of inaccessibility to insulin. The role of the provider is to monitor 

the adherence to a prescribed insulin regimen of a patient through tests, such as measuring their 

blood sugar. Providers need to understand the financial implications of the insulin regimen that is 

being prescribed to ensure that it is the most effective, low cost solution that is available to the 

patient. Many physicians tend to prescribe newer, more expensive insulin regimens with the 

implication that the health benefit will highly outweigh the cost difference of the previous 

regimen (Cefalu, Dawes, & Gavlak, 2018). Providers should monitor the treatment plan that is 

being prescribed and analyze if a lower cost insulin would be sufficient for the planned outcome. 

To better understand how price affects their diabetic patients, providers would benefit from 

future research, such as the comparison of the effectiveness to cost of various insulins, to provide 

better understanding and care for patients that struggle to afford their insulin (Cefalu, Dawes, & 

Gavlak, 2018). 
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To make a substantial impact on the cost of insulin, much information about the insulin 

supply chain needs to be revealed. First starting with the insulin manufacturing, the procedure 

used to develop a list price for insulin should be required of the company manufacturing the 

medication to prevent unjustified increases in list price. Additionally, transaction receipts should 

be required of the companies within the supply chain to justify the markup in price of the insulin 

as well as evidence of any rebates or discounts by the manufacturer. 

Conclusion  

The history of insulin set the standard for the methods in which insulin is priced and 

protected by patents. Eli Lilly, Novo Nordisk, and Sanofi will continue to dominate the insulin 

market with their brand insulins without any novel biosimilar insulin introduction to the market 

to create competition in the market and lowering price. Until biosimilar insulin alternatives are 

made available and lack of transparency from development to the supply chain, the overall prices 

of brand insulin will continue to rise, as observed within the past decade. Due to the high list 

prices that are set by the pharmaceutical companies, the confidential patents that protect the 

brand insulins, and the elusive transactions that occur within the insulin distribution process 

pharmaceutical companies will remain in control of significantly priced medication. There is a 

dire need to increase access to insulin, which can be achieved through efforts made by the FDA, 

insulin manufacturers, intermediary companies, and physicians. With increased transparency into 

the transactions executed in the supply chain of insulin, there would be clarity for needed 

regulations and price caps established for PBMs and other intermediary companies. In addition, 

physicians should continue to monitor their diabetic patients and be cautious towards any insulin 

adherence issues that may be due to continued financial inaccessibility. 
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