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Introduction

by Steven Globerman1

The aging of the population in many parts of the world is putting increased 
financial strain on national health care systems, as well as challenging re-
search scientists and health care companies to develop new drugs, medical 
devices, and procedures to effectively and efficiently address the escalating 
demands of age-related diseases. 

New pharmaceuticals have long been a major contributor to improv-
ing the health status of society, especially among older people (Miller 
and Frech, 2000; Lichtenberg, 2001). At the same time, innovation in 
biopharmaceuticals and medical devices is extremely risky and expensive, 
which contributes to a major and ongoing tension in the public policy 
arena between encouraging such innovation and constraining the growth 
of health care costs (Kleinke, 2001). This tension has been highlighted in 
several recent cases involving the introduction of new drugs which, while 
more effective than existing drugs, are also more expensive. The higher 
prices have drawn criticism from politicians, consumer groups, and even 
health care practitioners. An example is the Hepatitis C drug (Sovaldi) 
made by Gilead Sciences Inc. When introduced in 2014, the drug cost 
about US$84,000 for a patient on a standard, 12-week treatment schedule. 
While the drug was acknowledged to be a superior treatment to existing 
therapies in that it actually offered a cure for the condition, the US Senate 
Finance Committee demanded a justification of the pricing of the drug 

1  The author thanks Kristina Lybecker for helpful comments and suggestions.
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and highlighted the lower prices charged for the drug in other countries 
(Web MD News Archive, 2014).2

Where a new drug or medical device promises cost savings over 
existing alternatives, there should presumably be little conflict surround-
ing the willingness of the health care system to pay for the innovation. 
However, when the innovation threatens to increase the overall costs of 
the health care system, the evaluation is clearly more complex and requires 
weighing the benefits against the costs of innovation. 

An obvious goal of health care systems is to promote the develop-
ment and use of new drugs and devices that promise net social benefits, 
i.e., improvements in longevity and quality of life that outweigh the associ-
ated costs of the innovations. Laws and regulations comprising the intel-
lectual property (IP) regime are long-standing instruments of public policy 
to condition incentives to innovate. They are particularly important instru-
ments in the context of innovation in the pharmaceutical sector according 
to surveys (Cohen, 2010). Yet tremendous controversy surrounds the issue 
of whether strengthening or weakening the legal IP regime would improve 
social welfare. Furthermore, and unsurprisingly, opinions on this issue 
vary across national health care regimes as evidenced by differences in IP 
protection afforded pharmaceutical and medical device companies operat-
ing in different countries. 

The purpose of this conference volume3 is to bring additional insight 
and clarity into the debate surrounding IP protection for new drugs and 
medical devices. In particular, the three papers in this volume highlight as-
pects of the economic, technological, and political environments that are 
directly or indirectly influencing the net social benefits of strengthening 
the IP regime for new drugs and medical devices. The next section of 
this introductory chapter will briefly review the main themes of the three 
conference papers, as well as the broad trade-off between innovation and 
affordable access to new drugs and medical devices that has traditionally 
informed the debate about IP protection for these industrial sectors.

2  Sovaldi also promises fewer side effects and greater adherence rates. Recent 
controversy also surrounds new cholesterol drugs approved for those who cannot 
tolerate or benefit from existing statin drugs (see Szabo, 2016).
3  Earlier versions of the papers in this book were presented at a private Fraser 
Institute conference that focused on intellectual property in the health care sector. The 
conference was held at the Sheraton Wall Centre in Vancouver on Friday, September 
18th, 2015.
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The IP protection “trade-off”

As noted above, surveys and related evidence identify IP protection, 
particularly strong and effective patent protection, as being an important 
instrument for promoting innovation in the biopharmaceutical sector. In 
her chapter in this book, Kristina M. Lybecker discusses the underlying 
theoretical justifications for the importance of patent protection to innov-
ation, particularly for new biologic drugs. Patent protection extended to 
new drugs and medical devices will result in higher prices for those drugs 
and devices than would be the case if such patent protection did not exist, 
at least in the short run over the effective life of the patent. The higher 
resulting prices create stronger incentives for firms to innovate. Indeed, if 
rivals could appropriate the knowledge embodied in new drugs without 
compensating the innovator, there would be no incentive to assume the 
costs and risks of innovating. At the same time, higher prices increase the 
financial burden that governments, insurers, and patients must bear to 
gain access to new drugs and devices. The challenge for policymakers, as 
discussed in detail by Christopher Sands in his chapter, is to balance the 
incentives for innovation against the financial burdens that may comprom-
ise patients’ access to new drugs. 

The circumstances surrounding the assumed trade-off between the 
research and development benefits of a patent system and the welfare and 
output lost through patent monopolies and reduced price competition, as 
it is characterized by Tomas Philipson in his contribution to this volume, 
will differ across countries.4 Hence, one would expect countries to differ in 
their IP regimes, particularly with regard to the patenting of pharmaceut-
icals. In particular, developing countries such as India have been keen to 
boost their own generic pharmaceutical firms, while suppressing prices of 
imported drugs and even refusing to grant patents for some innovations. 
The result is that IP protection in developing countries has been weaker 
than in developed countries with a resulting conflict between the govern-
ments of developing and developed countries in venues such as multi-
lateral and regional trade negotiations. Christopher Sands discusses this 
conflict in detail in his chapter and also notes that differences of opinion 
about “appropriate” IP regimes also exist across developed countries. In 
this regard, both Sands and Lybecker identify Canada as providing signifi-
cantly weaker IP protection to biopharmaceutical innovators relative to 
most other developed countries.

Given the limits on our state of knowledge, it is impossible to 
identify the “optimal” amount of IP protection for any national regime, let 

4  The trade-off is also often characterized as one between static and dynamic efficiency.
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alone identify a harmonized (across nations) regime that would maximize 
some world “welfare function.” However, each of the contributions to this 
book highlight conditions surrounding the biopharmaceutical and medical 
device sectors which make it more likely, rather than less likely, that the 
international IP regime encourages too little innovation relative to post-
patent price competition. Put slightly differently, the conference papers 
suggest some reasons why the benefits of stronger IP protection may have 
been understated in the past relative to the benefits of weakening patent 
monopolies. 

In his chapter, Tomas Philipson discusses a fundamental public 
goods problem associated with the development of new drugs and med-
ical devices. Specifically, the expected profits to companies from innovat-
ing are a positive function of worldwide spending on drugs and medical 
devices. At the same time, individual countries have incentives to limit 
their spending on patented drugs and “free-ride” on the spending of other 
countries. Spending can be limited, for example, by providing weak IP 
protection for patented drugs and medical devices developed elsewhere. 
The free-riding incentive is particularly strong for emerging economies 
such as India, China, and South Africa that spend relatively little on new 
drugs and devices. In such cases, reductions in spending, on the margin, 
will have a relatively small impact on overall worldwide spending and, 
therefore, on overall worldwide innovation. An implication is that national 
IP regimes will generally be weaker than they “should be” from a global 
welfare-maximizing standpoint if countries collectively engage in free-rid-
ing, other things constant, since the overall spending impact of collective 
free-riding will be substantial.

Kristina Lybecker’s chapter provides a detailed discussion of the 
biologics revolution whereby large-molecule, protein-based drugs made 
using living organisms are increasing in importance relative to traditional, 
small-molecule drugs made through chemical processes. If anything, this 
revolution argues in favour of strengthening IP regimes for new drugs, 
as well as developing new IP mechanisms to encourage innovation in 
this field. In particular, the tremendous costs of bringing a new biologic 
medicine to market makes the protection granted to innovators through 
IP rights disproportionately important for the biopharmaceutical industry. 
Lybecker estimates that on average, biologics currently cost 22 times that 
of non-biologic drugs to develop.

Lybecker also highlights the anticipated smaller gains to shortening 
the period of IP protection for patented biologics. For one thing, it is rela-
tively expensive to develop subsequent entry biologics (SEBs) as compared 
to developing generic versions of small-molecule compounds. Hence, the 
anticipated static efficiency gains from reducing the effective period of 
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monopoly IP protection for new biologics are likely much smaller than 
the static efficiency gains from allowing the earlier introduction of generic 
pharmaceutical drugs. For another, it is much more difficult to ensure the 
safety and efficacy of SEBs compared to ensuring the safety and efficacy of 
traditional generic pharmaceuticals. Hence, the risks and potential costs of 
the “premature” introduction of SEBs are higher than for the early intro-
duction of generic pharmaceutical drugs. 

Philipson also identifies a feature of the IP process that likely reduces 
the static efficiency gains from shortening the period of monopoly status 
for a drug through weakening the IP regime. Namely, patent expirations 
decrease the private returns to marketing which disappear when goods are 
sold at marginal cost. As a result, patent expirations may actually result in 
reduced output of the formerly patented drugs if they decrease marketing 
effort by enough to offset the impact of price reductions. Philipson finds 
that for non-advertised drugs, quantity rises fairly steadily after patent 
expirations; however, for advertised drugs, quantity appears flat after pat-
ent expiration. On balance, patent expiration does lead to lower costs of 
the previously patented drug for consumers; however, the reduction in 
advertising reduces the total gain to consumers from patent expiration by 
a substantial amount.

Finally, Sands also discusses some phenomena that are effectively 
reducing the protection afforded drug developers through IP regimes. He 
notes that advanced manufacturing and automation are making it pos-
sible to quickly and cheaply design (or reverse engineer), mass produce, 
and distribute new products to market worldwide very quickly. This places 
pressure on IP regimes from counterfeiters, imitators, and others who can 
exploit gaps in IP rights or regulatory approval to capture market share 
that would otherwise be captured by the patent holders. Any such appro-
priation of the “required” returns to the original innovator would discour-
age innovation, at the margin, and especially discourage the investments 
required for expensive “breakthrough” innovations. 

Conclusions

The papers presented in this volume provide some new perspectives on 
the long-standing debate about the efficient IP regime for biopharmaceut-
icals and medical devices. On balance, they suggest that a strengthening of 
IP protection is likely to improve social welfare by encouraging innovation 
in the biopharmaceutical and medical device sectors, especially as current 
and emerging features of those sectors, particularly for biopharmaceuticals, 
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are characterized by attributes that strengthen the linkages between R&D 
benefits and IP protection and weaken the expected static benefits of pat-
ent expirations.

The free-rider problem described by Philipson, along with an un-
equal (across nations) distribution of the benefits and costs of IP protec-
tion ensure that IP issues will be a future source of conflict among coun-
tries, as they have been in the past. In this regard, Canada’s IP regime has 
been a source of friction with other developed countries, as both Sands 
and Lybecker detail.

The way forward for drug companies is both fraught and unclear. 
The Trans-Pacific Partnership (TPP) provides for a multilateral strength-
ening of IP protections for biopharmaceuticals. However, as of this writ-
ing, the outlook for the implementation of the TPP is not favourable given 
the negative positions on it taken by the two US presidential candidates 
in the 2016 election and by a Congress that seems disinclined to approve 
major new free trade deals. The free trade deal negotiated between Can-
ada and the European Union, which strengthens Canadian IP provisions, 
is taking a long time for EU approval, and this approval process may be 
further delayed, if not undone, by Great Britain’s decision to leave the EU. 
Likewise, any further movement toward a free trade agreement between 
the US and the EU will likely be on hold until the terms of Britain’s exit 
from the EU are negotiated. In short, coordinated efforts to implement 
stronger IP regimes through multilateral or regional trade agreements 
seem unlikely over the foreseeable future. 

The continued growth of emerging market economies, particularly 
China and India, should increase demand for biopharmaceuticals and 
medical devices in those economies. Other things constant, this should 
augment the worldwide returns to R&D efforts for drug and device com-
panies, thereby encouraging innovation. However, as Philipson notes, as 
the share of total spending on drugs and medical devices by emerging 
markets grows, the incentives of the US and other developed economies 
to contribute to those worldwide returns diminishes. The net impact on 
the incentives for companies to innovate is therefore, as Philipson puts it, a 
horse race. 

A movement on the part of national health care systems in de-
veloped countries to implement cost-effectiveness criteria to guide deci-
sions about the adoption and payment for new and existing technologies 
might also be a significant source of bias against the introduction of new 
drugs and medical devices, as Philipson explains. Growing political pres-
sure for government-price-setting authorities to limit payments for new 
drugs represents yet another challenge to the innovation process. As well, 
significant regulatory reforms will be needed in the United States and else-



fraserinstitute.org

Introduction / 7

where if the prices of new drugs are going to be tied to the usefulness of 
the clinical setting in which they are prescribed (Gottlieb and Patel, 2016).5

In an environment where much of the public objects to high drug 
prices and sees drug companies as villains, Sands advises those companies 
to focus on promoting government policies that would lower the overall 
costs of drug development. These include shortening the length of time 
it takes for patent and regulatory approvals and providing for simultan-
eous and continuous approvals across multiple national markets through 
government regulatory cooperation. Employing big data analytics to track 
biological performance and to share data among regulators could also re-
duce the costs that drug firms incur to receive regulatory approvals as well 
as expedite value-based pricing for new drugs.

In short, emerging technology holds great promise for life-enhan-
cing and life-extending new drugs and medical devices; however, laws and 
regulations comprising the IP regime for drugs and medical devices are 
arguably biased in favour of post-patent price competition. Ultimately, 
government policies affecting the innovation environment will depend 
upon the value that societies place on new life-enhancing and life-ex-
tending drugs. In the meantime, the public is not well served by political 
rhetoric that obscures the need for companies to be rewarded for the sub-
stantial costs and risks they incur when undertaking innovation. 
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The Biologics Revolution in the 
Production of Drugs

By Kristina Lybecker

Introduction

The pharmaceutical industry has been revolutionized by the development 
of biologic medicines. Biologics (large molecule drugs usually derived 
from living cells) are transforming the lives of patients across the globe, 
and they are poised to become ever more important in the years to come. 
Both the creation and the regulation of biologic medicines differ in im-
portant ways from traditional so-called “small molecule” drugs.1 The dif-
ferences and how they are addressed are of critical importance in deter-
mining the future of health care and the treatment patients will receive for 
decades to come. 

The term “biotechnology” first appeared in 1919, describing “the 
interaction between biology and human technology for conversion of 
raw materials into socially valuable products” (Amgen, 2014: 3). Early 

1  Biopharmaceuticals are currently produced using one of two technology platforms 
and the active chemical substances can be classified as “large molecules” and “small 
molecules.” Historically, pharmaceuticals have been small, chemically manufactured 
molecules. These molecules still comprise more than 90 percent of drugs currently 
available. Small molecule therapies are synthesized by chemical reactions between 
different organic and/or inorganic compounds. In comparison, biologics, or large 
molecules, are therapeutic proteins and are most often derived from living cells 
(Bayer Health Care, n.d.). Biologics are produced from micro-organisms or animals by 
using the metabolic processes of the organisms themselves. Biologics include insulin, 
monoclonal antibodies, vaccines, blood and blood products, protein hormones, 
cellular therapies, allergenic extracts, and gene therapy products. Examples of 
biologics include: Adalimumab (Humira), Trastuzumab (Herceptin), Etanercept 
(Enbrel), Bevacizumab (Avastin), and Rituximab (Rituxan) (Lybecker, 2014). 
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on, the focus of biotechnology shifted from primarily food production to 
the development of medicines. By the early 1940s, humanity was benefit-
ting from the mass production of antibiotics, and in the early 1950s, the 
structure of DNA was discovered, laying the groundwork for modern 
biotech advances in medicine. Nevertheless, a consensus on the mean-
ing of biotechnology was not reached until the United Nations and World 
Health Organization accepted the Convention on Biological Diversity of 
1992. Under Article 16 of the convention, biotechnology is defined as “any 
technological application that uses biological systems, living organisms, or 
derivatives thereof, to make or modify products or processes for specific 
use” (United Nations, 1992). 

This paper is intended as an introduction to biologic medicines and 
to some of the issues and controversies that are unique to their produc-
tion, regulation, and marketing. The study begins with an overview of the 
basics, a discussion of how biologics differ from traditional small molecule 
pharmaceuticals, and an answer to the question, “What are biologics?” This 
is followed by a discussion of the precision required in the development and 
manufacture of biologics and an explanation of why exactness is so import-
ant in this industry. Next, the paper describes the market failures that char-
acterize innovative industries in general and biologics in particular. This 
directly segues into a discussion of the importance of intellectual property 
rights protection in the biopharmaceutical industry. The paper then pre-
sents a comparison of the markets for small molecule generic drugs and 
non-innovator biologics. Then it describes the Canadian environment sur-
rounding the biopharmaceutical industry. Finally, the paper concludes and 
outlines a number of the issues that remain for future research.

Biologic medicines: the basics 

Historically, medicines and the first drugs originated from plants and 
other natural sources. Prior to 1869, patients were limited to natural 
remedies. Then came the development of the first synthetic drug, chloral 
hydrate, introduced as a sedative-hypnotic (Jones, 2011). The first pharma-
ceutical firms, offshoots of the textile and synthetic dye industries of the 
day, developed so-called “small molecule” drugs for a range of maladies. 
Drawing on the rich knowledge of organic chemicals, the first analgesics 
and antipyretics, phenacetin and acetanilide, were simple derivatives of 
coal-tar. Many of today’s most widely recognized medicines, including the 
first blockbuster drug, aspirin, were simple modifications of historic herbal 
treatments (Jones, 2011). At the dawn of the twentieth century the first 
barbiturates entered the pharmacopeia, and the 1970s brought the biologic 
revolution. 
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Biologic medicines represent one of the most promising frontiers 
in medicine. But with the promise of great progress comes the significant 
challenges of developing and manufacturing these medicines. Biologics 
are defined as “a large molecule typically derived from living cells and used 
in the treatment, diagnosis or prevention of disease. Biologic medicines 
include therapeutic proteins, DNA vaccines, monoclonal antibodies, and 
fusion proteins” (Amgen, 2012: 5). Specifically, most biologic medicines 
are developed using recombinant DNA (rDNA) technology. They are 
produced by genetically engineering living cells to create the required 
proteins rather than using traditional chemical synthesis. They are created 
by adapting or exploiting the processes found inside living organisms, and 
manufactured inside animal cells or micro-organisms such as bacteria or 
yeast (The Economist, 2015). The result is that biologics are considerably 
larger than small molecule drugs, often 200 to 1000 times their size. More-
over, biologics are significantly more complex structurally. This translates 
into medicines that are much more sensitive than small molecule drugs to 

Figure 1: Comparison of Small Molecule Pharmaceuticals 
and Biologics

Source: Amgen, 2014. Image used with permission of Amgen Inc.
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even minute changes in the manufacturing process, which can alter their 
nature and therapeutic functions. Figure 1 contrasts the complexity and 
structure of a conventional small molecule drug, with a biologic. 

Due to both the size and sensitivity of biologics, these medicines are 
most frequently administered by injection, inhalation, or infusion into a 
patient’s body. While small molecule drugs can be swallowed and enter the 
human body without being noticed by the immune system, the same is not 
true of biologics. The large molecules of biologic medicines are always de-
tected, and the human body’s immune system must then decide whether to 
mount an immune response. Specifically, without precise design and admin-
istration, the patient’s immune system may consider the biologic a foreign 
substance and take steps to neutralize and eliminate it (Dolinar, 2012). 

In order to fully understand the distinction between small molecule 
pharmaceuticals and biologics, it is critical to establish why and in what 
ways biologics differ. The first important difference between small mol-
ecule medicines and biologics is based in their chemical structures. The 
chemical structures of traditional small molecule pharmaceuticals are 
commonly well defined. Accordingly, laboratory analysis is generally able 
to precisely determine the complete composition of the drug, so replica-
tion (generic production) is quite straightforward. In contrast, biologic 
medicines are very difficult and sometimes impossible to characterize 
scientifically due to the complexity of their chemical structure. Perhaps 
surprisingly, a number of the components of a finished biologic may be 
unknown (BIO, 2010a). For obvious reasons this significantly complicates 
the production of generic versions of biologics.2 Accordingly, the FDA has 
struggled to establish “interchangeability” for complex proteins.3 

The distinctions between small molecule pharmaceuticals and bio-
logics go far beyond their relative sizes and structural complexity. Table 1 
describes a number of dimensions along which the two differ, as well as what 
these specific differences are.

2  While generic versions of small molecule drugs may be produced to exactly replicate 
the chemical structure of the innovator drug, this is impossible for biologic medicines. 
Non-innovator versions of biologics are not chemically equivalent to the originator 
drug. For this reason, subsequent versions of a drug produced by firms other than the 
innovator are known as biosimilars, follow-on biologics (FOBs), or subsequent entry 
biologics (SEBs). They are molecules that are similar, but not identical, to the pioneer 
biologic. A more substantial discussion of the differences between generic small 
molecule drugs and subsequent entry biologics is provided in the later section “Small 
molecule generics and subsequent entry biologics.”
3  Interchangeable biologic products are highly similar to an already-approved 
biological product (the biological reference product), and are expected to produce the 
same clinical result as the biological reference product in any given patient.
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Table 1: Characteristics of Small Molecule Pharmaceuticals vs. Biologics

Small Molecule Pharmaceuticals Biologics

Method of Synthesis Chemical synthesis Genetically engineering living organ-
isms or cells

Molecular Size Small Large
Structure Usually fully known Complex, Frequently partially un-

known

Susceptibility to  
Contamination during 
Manufacturing

Low High

Molecular Structure Relatively simple spatial structures,  
determined through analytical technology

Exhibit complex spatial structures, 
difficult to determine

Complexity Relatively pure ingredients Complex ingredients (impurities, 
leachables, excipients, by-products)

Sensitivity to Physical 
Factors (heat, light)

Low Higher

Clinical Behavior Well understood mode of action Complicated modes of action, not 
always well understood

Manufacturing Process Straightforward, relatively simple Highly complex

Species Interdependent Specific

Immunogenicity Non antigenic (generally) Antigenic (MW>10kDa)

ADME (ie., Absorption, Distribution, Metabolism, and Excretion)

    Absorption Faster Slower

    Distribution High Low/Limited

    Metabolism Metabolized to non-active and active  
metabolites

Catabolized to endogenous  
amino acids

    Disposition Rarely targeted-mediated Often target-mediated

PK Profile* Frequently Linear Usually Non-linear

Half-life Short(er) Long

Safety Toxicity (variable mechanisms) Exaggerated pharmacology**

Source: Klein & Wang, 2013; Lybecker, 2014. 

* PK = pharmacokinetics, the branch of pharmacology devoted to the absorption, distribution, metabolism, 
and elimination of pharmacological substances in the body.  “When the dose of a drug is increased, we 
expect that the concentration at steady state will increase proportionately, i.e., if the dose rate is increased 
or decreased say two-fold, the plasma drug concentration will also increase or decrease two-fold. However, 
for some drugs, the plasma drug concentration changes either more or less than would be expected from a 
change in dose rate. This is known as non-linear pharmacokinetic behaviour and can cause problems when 
adjusting doses” (Birkett, 1994: 36).

** Biologics toxicity typically manifests as exaggerated pharmacology, though there are some reported cases 
of unexpected toxicity.  “Exaggerated pharmacology” is toxicity resulting from excessive modulation of the 
activity of the primary pharmacological target.  “Adverse toxicologic effects are categorized as chemical-based, 
on-target (also referred to as target-related, exaggerated pharmacology or mechanism-based), or off-target ef-
fects; these latter two are generally only applicable to chemo- or biotherapeutics” (Rudmann, 2012: 310).
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As described above, due to their structural complexity, the difficulty 
of chemical replication, and the precision required in the manufacturing 
process, biologic medicines are distinct from small molecule pharma-
ceuticals in important ways. While biologics promise a new frontier in 
medicine, a number of challenging issues surround their production and 
marketing, as well as the protection of their intellectual property rights. 
The following section addresses some of the challenges in developing and 
manufacturing biologics.

The precise development and manufacture  
of biologics

As described above, biologics are highly sensitive to their manufacturing 
and handling conditions, as well as their physical environment. As Amgen 
describes it: 

The genetic code of a chosen protein, such as human insulin or 
an immune system antibody, is identified and replicated by com-
bining different segments of DNA to build a functional DNA 
sequence. The DNA sequence is introduced into the host cell of a 
living organism, such as bacteria, yeast or mammal cells, altering 
the cell’s genetic makeup and coding it to produce the chosen 
protein. Genetically modified cell lines are carefully selected 
and cultured in large bioreactors before the biologic medicine is 
extracted through complex and lengthy purification processes. 
(Amgen, 2014)

Each of the thousands of steps in the process described above is 
intricate, highly delicate, and requires precise technique. Given that many 
steps are particular to an individual medicine, they may require robust 
quality control systems, expertise, and extensive monitoring (Amgen, 
2014). As such, biologics are more difficult to chemically characterize and 
to manufacture than small molecule drugs, such that even minor differ-
ences in production processes or cell lines can generate variations in the 
resulting protein. Accordingly, an individual patient’s responses may sig-
nificantly depend on how the biologic is produced. Consequently, quality 
control is even more critical and production complications are potentially 
more catastrophic than in the production of small molecule drugs. This 
possibility is starkly illustrated by several recent incidents such as the 500 
cases of fungal meningitis linked to contaminated injectable corticoster-
oids formulated by the New England Compounding Center in October 
2012, and the 150 deaths resulting from tainted Chinese heparin in 2008 
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(Greenmeier, 2008). Importantly, immunogenicity problems may result 
from even minute changes made by the pioneering company under strictly 
controlled conditions. Consider the case of EPREX as described by the 
Biotechnology Industry Organization (BIO):

Immunogenicity is an important concern regarding the safety of 
biologics. This occurs when our bodies treat a protein as if it is a 
foreign substance and try to attack the protein with antibodies. 
Unlike chemical drugs, all biologics have the potential to stimulate 
antibody production in patients and such responses are highly 
unpredictable. Sometimes the antibodies produced in response 
to a biologic have no effect. Other times they bind and inactivate 
the biologic, causing disease progression. In still other cases, they 
can bind to and inactivate a patient’s naturally occurring protein, 
which means that the patient may be left with no options other 
than regular blood transfusions. 
 
One example of immunogenicity occurred a few years ago when, 
at the request of the European Health Authorities, Johnson & 
Johnson made a change in the manufacturing process for its EPREX 
product––a product that had been marketed for a decade with no 
evidence of immunogenicity problems. The change caused a ser-
ious adverse reaction in a small number of patients. These patients 
lost their ability to make red blood cells because they produced an 
antibody (triggered by the EPREX) that inactivated both the admin-
istered protein (EPREX) and the body’s natural protein that is es-
sential for red blood cell production. Johnson & Johnson eventually 
was able to determine the cause of this adverse reaction and correct 
it, but only after a very lengthy and expensive investigation. 
 
The EPREX case shows that one protein can be different from 
another in ways that cannot be detected in the laboratory, but are 
seen only by the body’s exquisitely sensitive immune system. If 
one change to a well-established complex manufacturing process, 
made by the manufacturer who has intimate knowledge of the 
process, can cause a problem with immunogenicity, surely the risk 
is even greater with an entirely new manufacturer and process—as 
will be the case with follow-on biologics (BIO, 2010b). 

Given that a tiny change in the manufacturing process, raw materi-
als, temperature, pH, or cell line may result in a marked alteration in the 
medicine’s quality, efficacy, or safety, the interchangeability and substitut-
ability of these products must be approached with extreme caution. The 
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importance of these elements is all the more acute given the increasing 
value and prevalence of biologics in the pipeline of the biopharmaceut-
ical industry. 

Good manufacturing processes and quality control issues are critical 
for all medicines, and even more so for biologics. Accordingly, the growing 
share of imported medicines and off-shore manufacturing and the quality 
issues associated with them are very troubling. Consider that 62.3 percent 
of the Canadian market is supplied by foreign imports (Canada, 2015) and 
that India now comprises the second-largest exporter to Canada, account-
ing for close to one of every 20 finished prescription products (Blackwell, 
2015). As such, recent safety lapses are tremendously worrisome: Health 
Canada recently halted the importation of 16 medicines and other drug 
products from Indian manufacturers due to growing health and safety 
concerns (Blackwell, 2015) and in August of 2015, the EU instructed its 28 
member nations to halt sales of 700 Indian-made generic drugs amid con-
cerns about the integrity of clinical trials (Kazmin and Ward, 2015). Given 
that these issues arise in the (relatively straightforward) production of 
small molecule drugs, the dangers surrounding the production of biologics 
could be much worse.

The value of biologics

To date, more than 250 biologic therapies and vaccines have transformed 
the lives of hundreds of millions of patients (BIO, 2015). In the United 
States, more than 900 biologics are currently in development for more 
than 100 diseases (The Economist, 2015). Figure 2 describes these efforts by 
therapeutic category. Of these projects in development, 70 percent of drugs 
across the pipeline are potential first-in-class medicines (PhRMA, 2013a).4 

Not surprisingly, analysts believe that by 2017 biologic medicines 
will comprise seven of the top ten global pharmaceuticals and that 30 
percent of the pharmaceutical industry pipeline will be biologics (Sandoz, 
n.d.). It is important to note that the effective patent lives of these medi-
cines differ due to the amount of time needed to bring them to market. 
When clinical trials can be completed more quickly, more of the drug’s 
patent term remains, providing a longer effective patent life once the drug 
is brought to market. 

These medicines are developed with an understanding of the mech-
anisms of diseases, such that the biologics can target and modify the 

4  A first-in-class drug program is technologically new, one that is on the cutting edge 
of science. It is a project that is unprecedented scientifically with the goal of generating 
the first type of drug of its kind (LaMattina, 2013).
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underlying causes. This may allow the treatment to alter the course of the 
disease, rather than merely treating the symptoms (Amgen, 2014). In the 
near future, “a further generation of biologic drugs will start to deliver cures 
by using viruses to deliver ‘gene therapy’— the replacement of a faulty gene 
in a patient’s body cells with the correct version” (The Economist, 2015). 

Current estimates suggest that biologics provided close to 22 percent 
of the sales of large pharmaceutical firms in 2013, and expectations are 
that this will rise to 32 percent by 2023 (The Economist, 2015). Moreover, 
in 2011, global spending on biologic medicines increased 7 percent, com-
pared to a mere 1.2 percent growth in the small molecule pharmaceutical 
market (Richardson, 2013). Monoclonal antibodies (MAB) and human 
insulin are the principal drivers of growth in this sector. Biologic sales 
are dominated by the United States, with a market share of 43 percent, 
followed by the European Union, at 21 percent, and Japan, at 9 percent 

Figure 2:  Biologic Medicines in Development in 2013

Source: PhRMA, 2013a.

Note: Some medicines are being explored in more than one therapeutic category.
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(White, 2014). Within the United States, spending on specialty drugs in-
creased four-fold from 2006 to 2014, and it is estimated that by 2018 these 
specialty drugs will account for 1 percent of all US prescriptions, but fully 
50 percent of all prescription costs (Express Scripts, 2014). Currently, bio-
logics cost an average of 22 times that of non-biologic drugs. The costs of 
these drugs continues to generate significant controversy in the US where 
the pricing of Sovaldi, used in the treatment of Hepatitis C, has drawn 
considerable criticism from health advocates, payers, and politicians. To 
that point, while biologics currently account for less than one percent of all 
US prescriptions, they comprise 28 percent of prescription drug expendi-
tures (Sarpatwari, Avorn, and Kesselheim, 2015). 

As biologics grow in market share importance, their sales are an 
increasingly important source of revenues for biopharmaceutical firms. 
Figure 3 depicts the share revenues generated by biologics for three indus-
try leaders, AbbVie, Amgen, and Genetech, in 2012. 

While currently a growing source of revenue, the market exclusivity 
enjoyed by many of these products will erode as patents expire and com-
peting products enter the market. In 2016, biologics with US sales totaling 
$60 billion will lose patent protection in the US market (Silverman, 2015). 
Beyond patent expiry, these revenues are also threatened by increasing 
scrutiny from government health agencies and other payers. As reported 
by The Economist (2015), the governments of Italy and France have taken 
note that Avastin, a biologic developed for cancer, also treats macular de-

Figure 3:  The Importance of Biologics

Source: White, 2014.
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generation. Moreover, Avastin is significantly less expensive than Lucentis, 
the biologic currently used to treat macular degeneration. The govern-
ments of France and Italy have approved Avastin for the treatment of the 
condition, and according to one French legislator, the substitution will save 
France’s health service $273 million a year compared with using Lucentis 
(The Economist, 2015). A similar situation exists in Canada, where the 
prevalence of off-label use is estimated at 11 percent; and of the off-label 
prescriptions, 79 percent lacked strong scientific evidence (Eguale, et al., 
2012). Pharmacoepidemiologist Dr. Nigel Rawson examined the Canadian 
Agency for Drugs and Technologies in Health (CADTH) health technol-
ogy assessment (HTA) of a selection of drugs for the treatment of vision 
loss, concluding that the recommended reimbursement by CADTH for 
“off-label” use of Avastin was done merely to accommodate provincial gov-
ernment cost-containment objectives, despite the fact that the drug does 
not have Health Canada safety approval for the indication and despite the 
potential health risks it may pose to patients (Rawson, 2015). This seems to 
indicate that cost-containment is more important in Canada’s public drug 
plans than incentivizing innovation or patient health. 

Beyond the value of biologics to public health and longevity, innova-
tion is crucial to trade and economic prosperity. Figure 4 demonstrates 
that the biopharmaceutical sector is the single largest funder of business 
research and development (R&D) in the United States, representing nearly 
20 percent of all domestic R&D.5 Moreover, each direct biopharmaceutical 
job supports five additional jobs in other sectors, such that the 650,000 US 

5  This includes producers of both biologics and small molecules.

Figure 4: Share of Total U.S. Business R&D by Sector, 2008

Source: PhRMA, 2013a.
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biopharmaceutical jobs support a total of four million US jobs (PhRMA, 
2013a). As evidence of the importance of the innovation-intensive sectors 
to the US economy, in 2011 IP-intensive industries exported more than $1 
trillion in goods and services, which accounts for approximately 74 per-
cent of total 2011 US exports (Pham, 2012). The biopharmaceutical indus-
try in the United States is the fourth-largest US exporter among IP-inten-
sive industries, with exports valued at $49.4 billion in 2010 (Economics 
and Statistics Administration and the United States Patent and Trademark 
Office, 2012). 

Market failures in the biopharmaceutical industry

Knowledge-intensive industries are unique from other modern economic 
sectors and they face very specific challenges. Moreover, the biopharma-
ceutical industry is distinct from other knowledge-intensive industries 
in some very particular ways. Biopharmaceutical firms specialize in the 
manufacture of a social good characterized by high fixed costs, substantial 
informational and regulatory costs, and a comparatively low marginal cost 
of production. The production of knowledge––as embodied in biologic 
therapies––is characterized by the three sources of market failure identi-
fied by Arrow (1962). 

First, information has one of the classic properties of public goods 
and the externalities inherent to them. In economic terms, once discov-
ered, knowledge is both non-rival and non-excludable. Biopharmaceut-
ical innovations are easily copied6 and sold by their competitors—the 
knowledge is non-rival (i.e., available to all and undiminished by use), 
and non-excludable (i.e., the innovator cannot prevent the knowledge 
from being used). Given the inherent challenges to new technologies in 
delineating and enforcing property rights, it is difficult for innovative 
firms to appropriate the returns accruing from their investments. This is 
of particular importance since the costs of research and development are 
primarily fixed and very high—and are borne only by the innovator—while 
the marginal cost of production, the only cost faced by non-innovating 
producers, is relatively low. Because of this, innovative investments may 
not be made and pharmaceutical R&D will be under-produced. That is, 
from an overall social welfare standpoint, less research and development 
is conducted than would be optimal because an innovative firm’s R&D is 

6  While biologics are more difficult and more expensive to replicate than traditional 
small molecule pharmaceuticals, the process is still far less expensive than 
independent development, especially when the innovator’s patented knowledge and 
clinical trial data may be used in seeking regulatory approval. 
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likely to confer benefits on other firms, benefits for which the innovative 
firm will not be compensated, even under a patent system. The apparatus 
embodied in the patent system encourages additional pharmaceutical re-
search and development by guaranteeing innovators a period of exclusivity 
during which they are able to recover their R&D investments. Intellectual 
property rights protection is particularly important to biopharmaceutical 
innovators since these measures facilitate investment in these new tech-
nologies, without which the market failures would overwhelm all incen-
tives to invest.

A second source of market failure stems from the indivisibility of new 
knowledge. That is, new knowledge is most usually discrete rather than con-
tinuous in nature. Specifically, some knowledge (discrete) proceeds through 
large gains, frequently at great expense, while other knowledge (continuous) 
is accumulated through small increments. A consequence of the discrete na-
ture of new knowledge is the generation of economies of scale and scope in 
its production. In the biopharmaceutical industry, these  economies of scale 
stem from the large fixed cost necessary to fund the research and develop-
ment necessary to innovate a new therapy. 

Finally, the third market failure stems from the extensive risk and 
degree of uncertainty surrounding the production of new knowledge. In-
novation frequently requires large investments of time, talent, and re-
sources, investments that may have to be made with little or no assurance 
of return. Given the uncertainty that surrounds these investments and 
the unpredictable nature of discovery, it may be the case that too little is 
invested in the production of new knowledge. This is particularly the case 
in the biopharmaceutical industry.

These market failures reduce the likelihood that the rate of invest-
ment in the development and diffusion of such technologies will reach the 
socially optimal level. Accordingly, the efficient solution is to implement 
policies focused on providing incentives for the development and diffusion 
of these technologies. This is most frequently done through the protection 
of intellectual property rights (IPRs),  which provides the market exclu-
sivity that gives firms the incentives to invest in the difficult and expensive 
R&D necessary for biopharmaceutical advances. This incentive system is the 
heart of the static/dynamic trade-off that characterizes the existing patent 
system. In exchange for 20 years of market exclusivity—a static loss—new 
knowledge is forever brought into the public domain—a dynamic gain.7 

7  The temporary static inefficiency results from the loss of consumer welfare due to 
higher prices that result from market exclusivity. In contrast, the permanent dynamic 
gains result from the incentives patents provide to develop new products and the 
knowledge that is thereby provided to society. 
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Due to the tremendous costs of bringing a new medicine to market, 
the protection granted to innovators through IPRs is disproportionally 
important for the biopharmaceutical industry. Recent studies estimate 
that the preapproval cost of developing a biologic approaches $1.2 billion 
and that the time needed to recover the preapproval R&D costs is between 
12.9 and 16.2 years (DiMasi and Grabowski, 2007; Grabowski, Long and 
Mortimer, 2011). Admittedly, this calculation of the preapproval cost of 
development is extensively criticized and is clearly a highly controversial 
figure. Nevertheless, even at half the current estimate, it remains a sig-
nificant investment of both time and money. The complexity of clinical 
trials and the approval process have both increased considerably, as figure 
5 shows. The approval process shaves vital years off the effective patent 
life of these medicines. Biopharmaceutical firms seeking US Food and 
Drug Administration (FDA) approval will have considered 5,000 to 10,000 
experimental compounds over a period of 10 to 15 years, and typically 
only one will gain approval. In addition, only 3 out of every 10 medicines 
will recoup the financing required for their development, leaving those few 
blockbuster products to cover the expenses of numerous failures. All the 
while, the uniqueness of the innovation is threatened by the fact that it is 

Figure 5: Trends in Clinical Trial Protocol Complexity

Source: PhRMA, 2013a.

Note: The complexity of the clinical trials results from a variety of factors including a shift in focus from 
acute to chronic illness, the collection of increasingly intricate data elements, closer attention to each ele-
ment of trial design, and concern about potential requests from regulatory agencies (Getz, Campo, and 
Kaitin, 2011).
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very easy to copy. Innovative firms are at a significant disadvantage if other 
firms do not have to bear the development cost and are still able to com-
pete and sell the drugs. 

Intellectual property protection and biologics

As described above, biologic medicines are fundamentally different from 
traditional small molecule pharmaceuticals. They therefore present new 
challenges in designing the intellectual property architecture that will 
protect them. Protecting the intellectual property (IP) of biologics is com-
plicated and difficult, yet essential to the continued development of these 
therapies. Given this, the intellectual property elements of biologic medi-
cines include both the chemical structure of the molecule and the process 
for reliably, safely, and consistently manufacturing the molecule at scale in 
living tissues (Ezell, 2012). As such, product patents alone are insufficient 
for protecting biologics and providing incentives for their development. 
Due to the large molecule nature of biologic products, product patent pro-
tection is often narrower than that for small molecule drugs. That is, the 
significant molecular size of biologic products makes it easier to “invent 
around” an existing patent, thus narrowing the extent of coverage for the 
innovation.8 Accordingly, process patents are proportionally more import-
ant. “Unlike small-molecule manufacturing, biomanufacturers get approv-
al for both the drug and the process used to make it, and that approval can 
take years” (McCook, 2005:.1). Within the United States, and according to 
FDA guidelines, “Issuance of a biologics license is a determination that the 
product, the manufacturing process, and the manufacturing facilities meet 
applicable requirements to ensure the continued safety, purity and potency 
of the product” [emphasis added] (US FDA, 2015). 

Patents protect traditional small molecule drugs for a 20-year term. 
However, biologic therapies are more challenging to comprehensively 
protect with patents due to their complexity, size, and the large number 
of similar effective variants (Stroud, 2013).  While critical to protecting 
the intellectual property of biologics, neither product nor process patents 
are able to protect the intellectual property of the innovator firm’s safety 
and efficacy data, developed through proprietary preclinical and clinical 
trial results.9 This information must be protected with data exclusivity 

8  Inventing around amounts to designing an alternative to a patented invention 
without infringing the patent’s claims.
9  Both product and process patents are used to protect traditional small molecule 
pharmaceuticals. In addition, data exclusivity protection provides the innovator with 
a period of protection for clinical trial data, during which generic manufacturers are 
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provisions, protection that provides a period of time following marketing 
approval during which competing firms may not use the innovative firm’s 
clinical trial data on the product’s safety and efficacy in order to obtain mar-
keting authorization for a generic version, as in the case of traditional small 
molecule drugs. At the point when the compound first shows medicinal 
promise, the generation and collection of this data is expensive in both time 
and financial resources. Data exclusivity grants the innovative firm a per-
iod of protection for their investment in clinical trials and data collection, 
regardless of the length of time necessary to bring the drug to market. 

Although complementary, data exclusivity protection and patents 
serve distinct purposes and provide incentives for innovation in different 
ways. Patents protect innovations ranging from breakthrough discoveries 
to incremental improvements, protecting inventions that meet the stan-
dards of patentability and are determined to be novel, nonobvious, and 
useful. Due to the lengthy drug development and patent approval pro-
cesses, effective patent terms rarely correspond to regulatory approval. 
Accordingly, innovative biologic therapies may experience patent expiry 
shortly after making it to market. In contrast, data exclusivity protects the 
tremendous resources required for clinical testing and trials, which are 
needed to establish a new therapy as safe and effective. Data exclusivity 
protection requires competing firms seeking regulatory approval of the 
same or a similar product to independently produce the comprehensive 
preclinical and clinical trial data rather than rely on or use the innovator’s 
data. Clearly this involves a significant investment for the competing firm, 
an investment that may be avoided if the competing firm waits the set per-
iod of time before using the innovator’s prior approval in an abbreviated 
regulatory approval. 

Importantly, data exclusivity is not an extension of patent rights, nor 
does it preclude a third party from introducing a generic version of the 
innovator’s therapy during the data exclusivity period, provided that the 
innovator’s data is not used to secure marketing approval. This comple-
mentary protection necessitates that subsequent entry biologic (SEB) 
manufacturers independently conduct the comprehensive preclinical and 
clinical trials for their own products, or wait out the period of data protec-
tion before requesting a regulatory shortcut to approval based on the in-

unable to use this data in seeking regulatory and market approval. For small molecule 
drugs, data exclusivity is frequently a shorter time (5 years in the United States, upon 
marketing approval) than the period being sought to protect biologics. However, 
in Canada, under the data protection provisions of the Food and Drug Regulations, 
biologic medicines are eligible for the same eight-year term of data exclusivity as 
regular drug molecules, with the potential for a six-month paediatric extension upon 
submitting eligible clinical trials. 
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novator’s prior approval and data. This protection both gives an incentive 
to biopharmaceutical firms to invest in establishing the safety and efficacy 
of their product and prevents competitors from free riding on these ef-
forts, while also ensuring patient safety, especially given the sensitivity and 
complexity of biologic medicines (Bioeconomy, 2013).

In a recent analysis, Grabowski et al. (2011) examined the appropri-
ate length of data exclusivity, using a financial model to determine how 
long the exclusivity period must be to provide a typical pioneer biologic a 
positive return on investment. An appropriate period of protection is es-
sential if the promise of biologics is to come to fruition. Their study draws 
on a representative portfolio of pioneer biologics, and they find that the 
break-even period ranges from 13 to 16 years. 

Small molecule generics and subsequent entry  
biologics

As the market for biologic medicines matures, generic versions—properly 
known in Canada as subsequent entry biologics or SEBs—will enter the 
market. The creation of subsequent entry biologics is considerably dif-
ferent from the creation of generic versions of traditional small molecule 
drugs. Similarly, the regulation of subsequent entry biologics must recog-
nize the difficulties, technicalities, and science involved. 

Biologics and subsequent entry biologics are  
not identical

In contrast to traditional small molecule pharmaceuticals, the manufac-
ture of biological products is a vastly more difficult and complex process. 
Moreover, the outcome of the production process is highly contingent on 
precise replication—use of the same steps, equipment, and manufactur-
ing variables are critical. As noted above, even minor differences in the 
final protein structure can result in a product that behaves differently than 
the original. “Living cells may chemically modify the proteins they make 
by adding complex sugars and other compounds at certain positions. The 
exact conditions under which cells are grown can alter the pattern of these 
modifications, and thus the molecule’s structure and behavior. The result is 
a drug so complex that it is difficult—if not impossible—to fully character-
ize” (Ledford, 2015). Figure 6 illustrates the differences between pioneer 
products and subsequent entry biologics. 

In contrast to small molecule pharmaceuticals, in biologics the pro-
duction process is critical to the end product. Table 2 describes many of 
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the dimensions along which small molecule generics and subsequent entry 
biologics differ. 

Slight differences in biologic medicines may result in reduced ef-
ficiency or induce immunogenic responses. These complications may even 
occur when the original manufacturer “makes slight known changes (evo-
lution) or unknown changes (drift) to its own production process, which 
can then yield a product that diverges from its predecessor” (Sarpatwari, 
Avorn, and Kesselheim, 2015: 2). The potential for differences is even more 
acute across different manufacturers, such that no two products are identi-
cal due to different amino acid sequence, impurities, and 3D structure. As 
a result, regulatory authorities require far more extensive testing for bio-
similars relative to generic drug products. Moreover, “because biosimilar 
manufacturers don’t have access to any information regarding the process-
es by which the original drug is manufactured—that information is a trade 
secret—it is almost a foregone conclusion that the biosimilar product will 
be different from the original as well” (Gaffney, 2014: 1).

Substitution and interchangeability 

As described above, unlike generic small molecule drugs, subsequent 
entry biologics are not identical to the pioneer biologic. “An SEB sponsor 
can demonstrate similarity based on a combination of analytical testing, 
biological assays, and non-clinical and clinical data, but the weight of the 

Figure 6: Illustrating the Differences between Original Biologics and  
Biosimilars

Source: Amgen, 2014. Image used with permission of Amgen Inc.
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Small Molecule Generics Subsequent Entry Biologics

Product Characteristics Small molecules Large, complex molecules

Often very stable Stability requires special handling

Easy to fully characterize Hard to characterize

Mostly without a devise Device is often a key differentiator

Production Chemical Synthesis Produced in living organisms

Simple Highly sensitive to manufacturing chan-
ges and environment
Complex isolation and purification steps

Process affects product

Cost Relatively low Comparatively high cost

Development Very limited clinical trials Significant R&D

Extensive Phase I and III clinical trials

Comparative Clinical Trial Not required At least one

Indication Extrapolation Automatic Case by case

Regulation Must be identical to reference  
product

Must be highly similar to reference  
product

Abbreviated approval process in  
most countries, available for all drugs

Abbreviated approval pathways  
vary depending on the drug

“Substitutability” status granted “Comparability” status

Approval pathways vary by country, still 
under development*

Marketing No/Limited detailing to physicians Required detailing to specialty physicians

Key role of wholesalers and payers Pharmacists may not substitute

Market substitution in pharmacies Limited price discounts, price sensitivity 
is product specificSignificant price discounts

Interchangeability Yes Generally no

Fifteen nations have prohibited auto-
matic substitution

Interchangeability remains a provincial 
decision in Canada

Source: Klein & Wang, 2013; Lybecker, 2014; First Word, 2013. 
 
* The approval pathway varies significantly by country and such processes have been adopted over a number 
of years in different nations. In Europe an abbreviated approval pathway has existed since 2006, while in the 
United States the legislation was created in 2010 and is still being fine-tuned. In March 2010, Health Canada 
finalized guidelines for subsequent entry biologics (First Word, 2013, GabI, 2014).

Table 2: Characteristics of Small Molecule Pharmaceuticals vs. Biologics
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evidence should be provided by analytical and biological characterization” 
(Daley and Wall, 2014: 1). As such, questions arise surrounding inter-
changeability, a standard that differs across countries and regions. “Unlike 
generic drugs, not all biosimilars will be deemed ‘interchangeable’ with 
their originator counterparts (at least initially), and nearly all biosimilars 
will require at least one head-to-head clinical trial to confirm similarity 
with the originator biologic as the basis for approval” (Mulcahy, Predmore, 
and Mattke, 2014: 2). 

In the European Union, interchangeability and substitution decisions 
are made at the national level and 15 nations prohibit automatic substi-
tution.10 In the United States, while the US FDA may designate a drug as 
interchangeable with its reference biologic, it is the individual states that 
determine pharmacy practice and substitution laws.11 In the United States, 
the lack of clarity surrounding the regulations for the approval of biosimi-
lars has slowed the development of a market for them (The Economist, 
2015). In contrast, Health Canada does not determine interchangeability 
for either generic small molecule drugs or for subsequent entry biologics. 
In Canada, interchangeability is a provincial decision (Klein and Wang, 
2013). In Canada, SEBs cannot be used as reference products for new 
SEBs. It is critical to be very cautious with automatic substitution and con-
servative in the extrapolation of indications.12 This holds true even when 
a subsequent entry biologic is approved for each of the same indications 
as a brand-name originator, especially if clinical testing has not be car-
ried out for each indication (GaBI, April 2015). To date, great uncertainty 
surrounds how the process of substituting a subsequent entry biologic for 
its pioneer reference product can affect patients’ immune systems. In the 

10  “Interchangeability refers to achievement of the same clinical result in any given 
patient in terms of quality, safety and efficacy when a biosimilar is switched or 
substituted with its respective innovator biological product, when compared to 
the use of the reference product alone. In principle, once the biosimilar product 
gains ‘interchangeable’ status, it can be automatically substituted for the prescribed 
biological product by the pharmacist without the consent of the prescribing physician” 
(Thimmaraju, Rakshambikai, Farista, and Juluru, 2015: 1). 
11  “A biosimilar product is a biological product that is approved based on a showing 
that it is highly similar to an FDA-approved biological product, known as a reference 
product, and has no clinically meaningful differences in terms of safety and 
effectiveness from the reference product. Only minor differences in clinically inactive 
components are allowable in biosimilar products. An interchangeable biological 
product is biosimilar to an FDA-approved reference product and meets additional 
standards for interchangeability. An interchangeable biological product may be 
substituted for the reference product by a pharmacist without the intervention of the 
health care provider who prescribed the reference product” (US FDA, 2016).
12  Treatment of a particular condition, disease, or symptom. 
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European Union and Canada, subsequent entry biologics are primarily ap-
proved as “stand-alone” therapies, and these nations oppose the automatic 
substitution of a prescribed biologic with an SEB (Dolinar, 2012).13 In 
particular, the European Medicines Agency has noted that prior exposure 
to similar or related proteins may lead to a “pre-sensitization and cause an 
immune response” (Dolinar, 2012: 11). In the United States, the Center for 
Drug Evaluation and Research warns that the process of repeated switches 
has a significant potential to affect safety and effectiveness (Dolinar, 2012). 
As yet no non-innovator biologic has been approved as interchangeable 
with its pioneer reference product. 

In the United States, the FDA’s Clinical Pharmacology Data to Sup-
port a Demonstration of Biosimilarity to a Reference Product identifies 
four levels of similarity: highly similar with fingerprint-like similarity, 
highly similar, similar, and not similar. Importantly, even “highly similar 
with fingerprint-like similarity” is not the same as “identical” (Gaffney, 
2014). Garde (2014) defines the four categories as follows:

 » Highly similar with fingerprint-like similarity, in which a submis-
sion is deemed nearly identical to its reference product “based 
on integrated, multi-parameter approaches,” according to the 
FDA. Such drugs would need only “targeted and selective” fur-
ther study to demonstrate their biosimilarity.

 » Highly similar, which also meets the statutory standard for simi-
larity but falls short of the above-mentioned gold standard.

 » Similar, a label that applies to drugs whose analyses were in-
conclusive, demanding further data or studies to figure out 
whether changes in manufacturing or formulation might help 
demonstrate similarity.

 » Not similar, the draft’s most self-explanatory tier, applies to 
products that don’t measure up to their references.

13  In Canada, interchangeability is a provincial decision. Accordingly, Health Canada 
does not make the decision, neither for generics nor for SEBs. In a 2010 letter to 
provincial/territorial drug plan directors concerning its guidance on the market 
authorization of subsequent entry biologics, Health Canada stated: “Specialized 
clinical studies can be used to support therapeutic interchangeability, however, these 
studies are not usually done and their relevance may not be long-lasting. Over time, 
as sponsors of the SEB and the reference biologic drug make their own independent 
manufacturing changes, differences could be introduced that affect the drug products. 
For this reason, Health Canada does not support automatic substitution of a SEB for 
its reference biologic drug and recommends that physicians make only well-informed 
decisions regarding therapeutic interchange” (Health Canada, 2010: 2).
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While the issue remains undecided, many experts believe that SEBs 
should not be considered pharmaceutically or therapeutically equivalent 
to innovator biologic products and mandatory substitution to SEBs should 
not be recommended. This issue is particularly important for individual 
Canadian provinces. Canada’s federal government does not have the juris-
diction to regulate the interchangeability of subsequent entry biologics. 
As such, the provinces will individually determine whether an SEB may 
be substituted for the innovator product, as well as whether preferential 
reimbursement policies will apply. This is worrisome for a number of rea-
sons. Of particular concern is the capacity of smaller provinces that may 
lack expertise in biologics to make decisions regarding interchangeability. 
Without experts to assist in this process, the potential exists for bureau-
crats to intervene, which risks substitutability mandates based on cost 
rather than science. 

Cost of production and pricing

The differences in the production of small molecule pharmaceuticals and 
biologic medicines also generate very different economic outcomes for 
generic drug and for SEBs. In the case of small molecules, the develop-
ment of a successful generic industry generated competition through 
which prices dropped dramatically. Much of the debate surrounding 
protection for biologics and competition from subsequent entry biologics 
centers on the mistaken belief that prices would similarly drop with the 
development of SEB competition. However, it is unlikely that the cost sav-
ings achieved with generic production and competition among small mol-
ecule drugs will be available with subsequent entry biologics. For conven-
tional small molecule drugs, over the requisite three to five years in which 
a generic is developed, the cost to do so is approximately $1 to $5 million, 
but it results in a lower-cost alternative for patients.14 In contrast, the ma-
jority of shortcuts available to generic small molecule manufacturers will 
not be available to SEB producers. Industry experts anticipate subsequent 
entry biologic firms will have to invest in clinical trials as well as manufac-
turing and post-approval safety monitoring programs similar to those of 
the innovative biologic company. Given this, subsequent entry biologics 
will likely require 8 to 10 years to develop, at a cost of $75 to $250 million 
(Amgen, 2014; Kambhammettu, 2008).

14  While innovator firms bear the full cost of pharmaceutical research and 
development, including the development costs of all of the molecules that fail, 
generic producers must only reverse engineer the innovative drug and establish its 
bioequivalence for approval. This translates into significantly lower development costs 
for generic producers (Lybecker, 2014).
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Numerous studies have shown that the introduction of generic ver-
sions of small molecule pharmaceuticals can reduce prices by 90 percent 
relative to the branded version, which has saved US consumers alone 
more than $1.5 trillion over the past decade. In contrast, the cost sav-
ings from non-innovator versions of biologic medicines are inherently 
limited due to the complexity of their production. This complexity both 
increases the costs for competitor firms and also reduces the number of 
potential market entrants. Table 3 provides the estimates from numerous 
academic studies of the savings available to the United States from the use 
of subsequent entry biologics. As the table shows, current opinions on the 
estimated savings vary widely. According to the US FDA, “among generic 
small-molecule drugs, prices reach the maximum savings level only when 
10 or more competitors are in the market—an unlikely occurrence for 
many biologics. In the European Union, where 22 follow-on biologics are 
available, the median price savings for biosimilar epoetin alfa is just 35%” 
(Sarpatwari, Avorn, and Kesselheim, 2015: 2). According to Howell (2012), 
the discount will average even less. This study notes that within Europe, 
subsequent entry biologics offer just a 10 percent discount from the 
pioneer product. While the potential cost savings from subsequent entry 
biologics is frequently cited as a reason for lessening the extent of intellec-
tual property protection, it is unclear how significant this savings will be 
and how easily and quickly it will be realized. 

Despite the more modest cost savings, the numbers still add up to 
a significant amount. The RAND Corporation estimates US savings of 
$44 billion over the coming decade (The Economist, 2015), while Express 
Scripts calculates a potential $250 billion saving in the next decade (Ex-
press Scripts, 2014).15 Moreover, these findings are arguably economically 
efficient for several reasons, reflecting gains from several sources. First, 
through the bioequivalence provision, some of the redundant clinical 
testing and the associated expenditures are eliminated. In addition, com-
petition necessitates more efficient production, lower costs, and savings, 
all of which are passed on to patients. In the small molecule arena, this 
has created a robust, successful US generic industry and 75  percent of all 
prescriptions dispensed are now generics (Lybecker, 2014).

Canadian specifics

Canada’s protection of intellectual property in the life sciences significantly 
lags behind that provided by many other industrialized nations, including 

15  The differences in these two calculations reflect the different assumptions made in the 
studies: extent of the price discount, degree of substitutability, and uptake, among others.
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Study Approach Scope Time 
Frame

Price  
Reduction

Savings

Grabowski et al., 
2007 as applied  
in Goodman et  
al., 2009 (base 
case) 

Economic 
model

6 major categories  
of biologics, top  
20 biologics by  
sales only, all  
payers

2009-
2019

12% to 20%,  
varies by  
product

$10 billion  
(2.4% of baseline  
spending) 

Grabowski et al., 
2007 as applied  
in Goodman et al., 
2009 (sensitivity 
analysis) 

Economic 
model

6  major categories of 
biologics, top  
20 biologics by  
sales only, all  
payers

2009-
2019

12% to 40%,  
varies by  
product

$1 billion to $44  
billion (0.2% to  
10.5% of baseline 
spending) 

Ahlstrom et al., 
2007 (Avalere 
Health) 

Actuarial 
model

Federal payers  
only

2008-
2017

10% to 51%,  
varies by  
product and  
increasing  
over time

$3.6 billion  
(0.6%  
of baseline  
spending) 

Engel and  
Novitt, 2007

Actuarial 
model

Excludes Enhanced 
Primary Care,  
Medicare Part B  
only (office-based, 
physician-adminis-
tered biologics) 

2007-
2016

Unknown $14.4 billion

Miller and  
Houts, 2007  
Express Scripts) 

Actuarial 
model

Select markets,  
all commercial  
payers

2007-
2016

25% $71 billion  
(baseline not  
reported) 

Congressional 
Budget Office, 
2008

Actuarial 
model

All biologics 2009-
2018

20% to 40%,  
varies by  
product and  
increasing  
over time

$25 billion (baseline 
not reported),  
$7 billion of which 
accrues to the  
federal government

Shapiro et al.,  
2008

Actuarial 
model

Top 12 biologic 
classes

2010-
2019

25% to 35%, varies 
by assumption

$67 billion to  
$108 billion 

Source: Mulcahy, Predmore, and Mattke, 2014.

Table 3: Select US Biosimilar Cost Savings Estimates
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the United States, the EU, and Japan. A 2011 Canadian Chamber of Com-
merce study found that Canada provides less robust IP protections for the 
pharmaceutical sector than the 31 peer countries used for comparison 
(CIPC, 2011). This translates into direct consequences for pharmaceutical 
investment in Canada. Increased levels of IP protection provide incen-
tives for investment in new breakthrough therapies and cures. In contrast 
to recent changes that have weakened IP protections in Canada, consider 
the 198716 and 199217 changes to Canada’s Patent Act that strengthened 

16  As described by the Parliament of Canada, the 1987changes consisted of the 
following: “Bill C-22, which amended the Patent Act, made significant changes to the 
compulsory licensing system for patented medicines. The amendments guaranteed 
patent owners a period of protection from compulsory licences. A brand-name drug 
manufacturer receiving an NOC for a drug after 27 June 1986 was guaranteed 10 
years of protection against compulsory licences to import and seven years’ protection 
against compulsory licences to manufacture. Patented medicines for which NOCs 
had been issued on or before 27 June 1986, and for which generic drug producers 
had obtained either an NOC or a compulsory licence to import, but not both, were 
entitled to seven years’ protection against compulsory licences to import. Similarly, 
medicines for which an NOC had been issued on or before 27 June 1986, but for 
which neither a compulsory licence nor a generic NOC had been issued, had eight 
years of protection against compulsory licences to import. Additional protection was 
granted to drugs invented and developed in Canada; compulsory licences to import 
were not available, but compulsory licences to manufacture could be issued if, within 
the seven years after the NOC for the drug had been issued, the inventor failed to 
make the drug in Canada for the purpose of completely or substantially supplying the 
Canadian market. Bill C-22 also changed the general patent law to provide that the 
term of a patent would be 20 years from the date on which a patent application was 
filed, rather than 17 years from the date the patent was issued. This change became 
effective in 1989” (Douglas and Jutras, 2008: 2-3).
17  Again, as described by the Parliament of Canada, the 1992 changes consisted of the 
following: “The federal government endorsed the Dunkel text. The text of the North 
American Free Trade Agreement (NAFTA) was finalized, with Chapter 17 largely 
based on, and in many instances identical to, the provisions of the then draft TRIPS 
Agreement. Article 31 of the TRIPS Agreement was reproduced almost identically 
in Article 1709(10) of NAFTA. The federal government moved to further modify 
the Patent Act and to implement the TRIPS and NAFTA provisions on intellectual 
property by introducing Bill C-91, the Patent Act Amendment Act, 1992, in the House 
of Commons. The bill eliminated compulsory licences for pharmaceutical products 
though compulsory licences in existence before 20 December 1991 continued in effect, 
subject to the seven and ten-year limitations established in Bill C‑22. Compulsory 
licences granted after 20 December 1991 but before the day the Act came into force 
were terminated when the Act became effective. Bill C-91 also created two exceptions 
to an action for patent infringement (the rule that anyone who, without the consent 
of the patent owner, makes, uses or sells a product where a patent is in force is liable 
for patent infringement). Both exceptions permit persons to use a patented product 
for certain purposes before the patent expires. The first exception, known as the “early 
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IP protection in the life sciences. The result was a 1,500 percent increase 
in investment in pharmaceutical research and development between 1998 
and 2002 (Grootendorst and Di Matteo, 2007). Given the potential for a 
rigorous IP environment, Canada’s existing level of intellectual property 
protection in the life sciences is strikingly disappointing. 

Canada currently has one of the shortest terms of data exclusivity 
for pre-clinical and clinical trials, relative to other industrialized nations. 
In Canada, both small molecule pharmaceuticals, as well as biologics, 
are given eight years of data exclusivity. This contrasts with the European 
Union where, similar to small molecule pharmaceuticals, biologics receive 
10 years of data exclusivity, and the United States where biologics enjoy 
extended data protection for 12 years (Daley and Wall, 2014). Canada dif-
fers from other high-income economies along other important industry 
dimensions as well. Figure 7 compares biopharmaceutical market access 
across high-income economies in the context of effective intellectual prop-
erty protection, regulatory frameworks, and health care financing. 

Figure 8 provides more specifics on the Canadian market, consid-
ering seven factors of critical importance to the biopharmaceutical indus-
try. Figure 9 presents additional details on each of the areas examined in 
Figure 8. Canada ranks between 3rd and 7th across each of these measures. 
Unfortunately, this may be inadequate to truly foster a robust, innovative 
biopharmaceutical industry in Canada. 

While Canada possesses many strengths in the life science arena—
world-class talent, outstanding universities, a strong health care system, 
and rigorous regulatory framework—the existing gaps in the IP archi-
tecture significantly weaken Canadian competitiveness. The Canadian 
interpretation of the utility standard has been particularly controversial.18 

working” exception, allows a person to use a patented invention while the relevant 
patents are in force only for obtaining regulatory approval to sell an equivalent product 
after the patents have expired (section 55.2(1)). Under this provision, a generic drug 
manufacturer could develop a generic version of a medicine and take whatever steps 
were necessary to meet the regulatory requirements pertaining to its sale before the 
expiry of the relevant patents. The second exception (“stockpiling” exception) allows 
a person to use a patented invention for a period of time before the patent expires 
in order to manufacture and store a product intended for sale after the expiry of the 
patent (section 55.2(2)). Bill C-91 also provided for product patents for pharmaceutical 
inventions. Prior to the bill such inventions were only patentable as process patents (or 
so-called ‘product-by-process patents’)” (Douglas and Jutras, 2008: 3-4).
18  Consider the following explanation by McDermid (2014): “The established 
international standard under the WTO’s Trade Related Aspects of Intellectual 
Property Rights (TRIPS) agreement... is that an invention must be novel, not obvious, 
and ‘useful or capable of industrial application’ to be awarded a patent. However, 
Canadian courts, through the promise doctrine, are holding innovators to an entirely 
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Figure 7: Comparison of Biopharmaceutical Market Access across  
High-Income Economies

Source: Pugatch Consilium, 2015.

Notes:  
1) The Biopharmaceutical Investment and Competitiveness (BCI) Survey of 2015 maps the biomedical 
policy ecosystem and provides perspective on the biomedical investment environment across national 
economies. The BCI survey is a global survey-based index of the biomedical investment attractiveness of 
economies, including an examination of the following major areas: ability to leverage scientific capabilities 
and infrastructure; state of the clinical environment, from test tube to patients; quality and efficiency of 
biomedical manufacturing and logistics operations; soundness and effectiveness of the biomedical regula-
tory framework; health care financing; and overall market and business conditions (Pugatch Consilium, 
2015). Additional information about how these categories are defined and measured and how the data were 
collected may be found in the study by Pugatch Consilium (2015). 
 
2) Canada’s low score results from several factors, including the limited period of data exclusivity. In addi-
tion, the “Canadian standard of utility established through this expanding case law differs from international 
standards embodied in TRIPS and the Patent Cooperation Treaty, and from practices of patent offices in 
the United States and European Union. The utility test is accompanied by a heightened evidentiary burden, 
requiring innovators to demonstrate the effectiveness of a pharmaceutical in light of the court’s subjective 
construed ‘promise.’ The test raises uncertainty as to how much information needs to be disclosed in patent 
applications, and discriminates against pharmaceutical patents” (GIPC, 2015: 48).
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Canada’s unique misinterpretation of the utility standard resulted in the 
revocation of 18 patents on the basis that they are not “useful”, following 
their approval by the Canadian health regulatory agency as safe and effect-
ive. While the drugs were in wide use by Canadian patients, the Canadian 
companies that sought to revoke the patents are now marketing the same 
medicines to patients (Loney, 2014). 

Beyond the interpretation of the internationally accepted util-
ity standard, the Canadian system is characterized by onerous patent-
ability requirements which narrow the scope of inventions, a deficient 
pharmaceutical-related patent enforcement and resolution mechanism 

different standard. The promise doctrine makes Canada the only developed country 
in the world with a patent utility standard that is inconsistent with both NAFTA 
and TRIPS. This promise doctrine has three aspects: a process where the judge 
subjectively interprets the ‘promise of the patent’ from the patent application; a 
requirement that the promised utility either be demonstrated or be based on a ‘sound 
prediction’ of utility on the date of the patent application; and a requirement that 
evidence establishing a ‘factual basis’ and ‘sound line of reasoning’ for the predicted 
utility be disclosed in the original patent application. The promise doctrine causes 
significant uncertainty for innovators because it not only requires the innovator to 
‘soundly predict’ how its invention will be used but also provide enough information 
in the patent application to prove the invention will successfully fulfill its promise” 
(McDermid, 2014: 1). 

Figure 8: Biopharmaceutical Scores by Category for Canada

Source: Pugatch Consilium, 2015.
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Figure 9: Map of the National Biopharmaceutical Environment in Canada

Source: Pugatch Consilium, 2015.

Notes:  
1) Canada’s low score in effective intellectual property protection results from several factors. First, “Canada 
continues to have the shortest data exclusivity term, potentially allowing biosimilars to enter the Canadian 
market before the U.S. and EU markets” (Daley and Wall, 2014: 1). In addition, the Canadian government 
should grant innovative pharmaceutical companies an effective right to appeal an adverse court decision 
on a patent challenge. At this time, in the case of a patent challenge, generic manufacturers have the right 
to appeal an adverse court ruling, while innovative companies do not. Providing innovative companies an 
effective right of appeal would restore fairness and balance and put Canada within the mainstream of inter-
national intellectual property law.

2) P&R is the abbreviation for “pricing and reimbursement.” API is the abbreviation for “active pharmaceut-
ical ingredient.”
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under the Notice of Compliance (NOC) procedure, the lack of patent term 
restoration, and poor application and enforcement of civil remedies and 
criminal penalties (GIPC, February 2015). However, the final ratification 
of the Comprehensive Economic and Trade Agreement (CETA), a free 
trade agreement between Canada and the European Union, would sig-
nificantly strengthen Canada’s IP environment. Notably, as a result of the 
CETA negotiations, Canada will move from no patent term restoration 
to 2 years.19,20 In addition, under the terms of the CETA negotiations, if 
an innovative firm fails in its NOC application, the patent holder and the 
generic challenger are entitled to equivalent and effective rights of appeal, 
though it remains to be seen how this will be implemented under Can-
adian IP legislation.21 Ratification would bring these changes into effect in 
late 2016 at the earliest. 

Conclusions

In an impressive technological leap, the development of biologics is 
revolutionizing the pharmaceutical industry. Biologic medicines are 
transforming the lives of patients across the globe, and they are poised to 
become ever more important in the years to come. Current growth trends 
promise both increasing value in the future and a shift by the biopharma-
ceutical industry toward devoting a growing proportion of research and 
development pipelines to biologics. Notably, several pharmaceutical firms 
have explicit targets ranging from 20 percent to more than 75 percent for 
the biologics share of their research pipelines (Meininger, 2014). This shift 
also brings great hope for patients since biologics have greater on-target 
efficiency and lower risk of off-target toxicity relative to traditional small 
molecule pharmaceuticals (Meininger, 2014). 

19  Many factors may shorten the length of the effective patent term, including 
requirements imposed by government regulatory authorities. For example, firms 
are required to obtain federal approval before marketing. Consequently, in an effort 
to stimulate innovation, patent restoration terms extend patent life to compensate 
innovators for the time lost while awaiting government approval. 
20  Two years for the patent restoration term is still less than the period allowed by 
other industrialized nations. The EU provides up to five years and requested a term of 
five years in the negotiations of the CETA.
21  Prior to CETA negotiations, if an innovative pharmaceutical firm failed in its 
Notice of Compliance application, a generic producer could be granted an NOC 
shortly thereafter and the Canadian Federal Court previously held that it would not 
hear any appeal by an innovator company. Conversely, should a generic lose its NOC 
proceeding, it retained its right to appeal. 
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Both the creation and regulation of biologic medicines differ in 
important ways from traditional so-called “small molecule” drugs. The 
differences and how they are addressed are critically important in deter-
mining the future of health care and the treatment patients will receive for 
decades to come. These issues also extend to the development, production, 
and regulation of subsequent entry biologics. 

History teaches that technology evolves faster than the legal archi-
tecture that surrounds it. The continued development of biologic medi-
cines hinges on the intellectual property protection provided on a global 
scale. Patent protection and data exclusivity protections are both essential 
to the efficient provision of incentivizes that will spur the development of 
biologics. In particular, data exclusivity is a straightforward step that will 
help the law catch up to the science that brings us biologic medicines. Bio-
logic medicines are essential to the health care advances of the future, and 
data exclusivity is crucial to innovative biologics. As technology changes 
to enable the development of new biologic vaccines and therapies, intel-
lectual property protection must also evolve to ensure sufficient protection 
for these products. 

As with any new technology, the advent of biologic medicines brings 
with it a number of challenges. These areas need additional study, empirical 
analysis, and creative thinking. In particular, the following challenges remain: 

 » What is the most effect means of protecting the intellectual 
property embodied in biologics? What role does data exclusivity 
play and for what period of time? 

 » How should biologics and subsequent entry biologics be named? 
How important is nomenclature in developing the market and 
safeguarding patient health and safety? 

 » How will authorities regulate pharmacovigilance22 and tracking 
of both biologics and SEBs? What is efficient and what will best 
serve patient and industry needs? 

 » How much cost savings will result from subsequent entry bio-
logics? What is the impact of different intellectual property 
rights regimes on this saving and how is that to be balanced with 
sufficient protection that will give incentives for their develop-
ment? 

 » If pricing and reimbursement policies are regional in nature, how 
do we ensure equitable access and payment? 

22  Pharmacovigilance, also known as drug safety, consists of data collection, the 
detection of adverse events, analysis, assessment, and pharmaceutical product 
monitoring. 
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 » What are the safest and most efficient approval pathways for sub-
sequent entry biologics in order to ensure competition protect 
patient health? 

 » What is the way to develop a safe and effective policy on the 
interchangeability and substitutability of subsequent entry bio-
logics with their pioneer reference products? 

This study provides an introduction to biologic medicines and 
explores some of the challenges and controversies that uniquely charac-
terize their production, regulation, and marketing. The primer presents 
an overview of the basics of biologics, and a discussion of how biologics 
differ from traditional small molecule pharmaceuticals. It also covers 
the importance of precision in biologic development and manufactur-
ing. Importantly, the study focuses on the market failures present in the 
biopharmaceutical industry and the role of intellectual property rights 
in ensuring that the promise of biologic medicine is realized. The paper 
touches on the distinctions and similarities between the markets for small 
molecule generic drugs and non-innovator biologics and, finally, presents 
a description of the Canadian specifics for the biopharmaceutical industry 
and describes a number of areas for future work. Understanding both the 
promise and the challenges of biologic medicines is valuable for patients 
and policymakers alike. If we are to realize the benefits of these therapeut-
ic advances, we must ensure that there are sufficient incentives to ensure 
their development, and that they are precisely developed, responsibly 
manufactured, and effectively brought to those who need them. 
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The Calculus of Convergence: 
Intellectual Property Rights  
for Pharmaceuticals and  
the Global Trade Agenda

by Christopher Sands

Introduction

The pharmaceutical industry is undergoing a period of profound change, 
buffeted by trends in demographics, technology, and the global economy 
that have upset a system of intellectual property rights, sophisticated regu-
latory scrutiny, and term-limited monopoly pricing that for decades has 
fostered the conditions for firms to innovate. This is the end of an era, not 
just in Canada, but worldwide.

Since 1986, pharmaceutical industry concerns have found a place on 
the agenda of trade liberalization negotiations. Today, following the collapse 
of the Doha Round of World Trade Organization-sponsored talks, bilateral, 
regional, and small multilateral trade negotiations all address the concerns 
of pharmaceutical firms in different ways. Still, it is not immediately obvious 
why trade negotiators are leading discussions of patent reforms rather than 
domestic legislators or members of the domestic patent bar.

This paper offers a short introduction to the international political 
economy of the pharmaceutical sector, and the forces driving change. It 
then considers the ongoing efforts to find a new global consensus that 
could permit pharmaceutical firms to innovate and operate profitably, as 
well as the potential consequences if they fail to arrive at a consensus. 
The options—even opportunities—that this state of affairs presents for 
Canada are included in a brief conclusion.
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The role of intellectual property protection in  
pharmaceutical innovation

The pharmaceutical industry is being rapidly and radically restructured 
by a combination of new technologies, and demographic and economic 
trends, as populations in developed countries grow older due to longer 
lifespans and lower birth rates, with similar patterns beginning to appear 
in China, India, and other emerging markets, increasing demand for phar-
maceutical innovation (Chandler, 2005). As a consequence, governments 
are also under pressure to simplify, expedite, and coordinate across nation-
al boundaries to lower the compliance burden on firms while maximiz-
ing the accessibility of pharmaceutical benefits to public health. Since the 
1980s, trade negotiations have been a venue for addressing changes to the 
regulation of this sector, and today negotiators of the Canada–EU Com-
prehensive Economic and Trade Agreement (CETA), the Trans Pacific 
Partnership (TPP), and ongoing talks under the aegis of the World Trade 
Organization (WTO) in the aftermath of the Doha Round are grappling 
with pharmaceutical issues in new and creative ways.

A company that develops a new pharmaceutical drug has to secure 
intellectual property rights to the drug through the patent system as well 
as regulatory approval to sell the drug to the public. This dual-approval 
process is common to most markets, but reciprocal recognition is not 
common. This means that a company must initiate these two parallel ap-
proval processes in each of the markets in which it hopes to introduce the 
new drug with some degree of synchronization.

The 148 countries that are signatories to the Patent Cooperation 
Treaty (PCT) that was negotiated as the Paris Convention of 1978 allows any 
resident or national of another signatory country to file a single international 
application. This has the effect of a national patent application (and certain 
regional patent applications) in some or all PCT contracting states, includ-
ing Canada, which became a signatory in 1990. The PCT is administered 
by the World Intellectual Property Organization, and while the PCT pro-
vides a benefit to originators in the form of expedited patent rights recog-
nition, there is no corresponding coordination on regulatory approval. 

Patent approval processes are similar in most countries that are 
members of the Organization for Economic Cooperation and Develop-
ment (OECD)—a group of relatively developed and mature markets that 
are important consumer markets for pharmaceutical manufacturers. The 
authorities in these countries will confer a patent for a drug if it meets 
three criteria: originality (or novelty), meaning that the drug is truly some-
thing new; non-obvious (a US term; for the EU the standards it is called an 
“innovative step”), meaning that there is something inventive in the idea 
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or creation or process that is proposed to be patented; and utility, meaning 
that there is a specified use or purpose to the invention that could have a 
commercial value, making the certification of ownership significant to the 
person applying for the patent.

Patent examiners may require details of the process or formulation 
of a drug or specifics concerning the design and functioning of a medical 
device. This information is provided on a confidential basis by the applicant 
for a patent, but this information becomes public eventually, either when the 
patent right is granted or after a period specified by a national statute.

Individuals can apply for a patent for a new drug or device, or a new 
use for an existing drug or device, on the basis of initial evidence of poten-
tial utility, such as a study published in a medical journal or a report from 
a lab. This standard is lower than what is required to convince regulators 
that a drug is safe to be sold to the public, even when limited by prescrip-
tion issued by a qualified medical professional. Regulators typically require 
evidence from clinical trials using humans (rather than animals or another 
substitute). The disparity is important and deliberate in order to encour-
age an innovator who thinks a drug might work to secure the rights to the 
innovation prior to undertaking the investment of time and resources to 
conduct trials.

Clinical trials can be expensive to conduct. The US regulator, the Food 
and Drug Administration (FDA), requires a three-stage clinical trial protocol 
for most pharmaceuticals. One recent estimate placed the cost of clinical 
trials through all three stages at US$1.3 billion per drug (Roy, 2012). 

Another study found it cost an average of US$2.558 billion to win 
regulatory approval for a single drug (Tufts Center for the Study of Drug 
Development, 2014). The second, larger estimate reflects the time-cost 
of delays of up to ten years in the regulatory approval process. Both these 
figures are for approval in the US market only; regulators in other coun-
tries may accept the same clinical trial data used to win US approval, but 
in some cases will require additional testing before approving a drug for 
use in their respective markets.

Delays in regulatory approval for a drug that has been successfully 
patented mean that the pharmaceutical company that originated a drug 
cannot sell it and begin recouping its costs as quickly as it could with shorter 
delays. As a result, pharmaceutical originators have called on governments 
to provide “patent term restoration,” an extension of intellectual property 
rights (IPR) for the full term (typically 20 years of exclusivity, although this 
varies by country) effective from the date of regulatory approval. 

The asynchronous nature of patent rights and regulatory approval 
can affect originators in another way. A drug that has secured regulatory 
approval is the exclusive property of the patent holder for the duration 
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of the patent, giving the patent holder the exclusive right to produce and 
market that specific drug in that specific market. When the patent term 
expires, other firms can produce copies of the drug and market them 
where regulators have approved the drug for use. Although patent and 
regulatory approvals processes are parallel, regulatory approval does not 
expire (although it can be rescinded or altered if new medical evidence 
warrants, in which case the approval affects the originator and the copier 
of the drug alike).

Copies of patented medicines are called generic drugs in the case 
of chemical pharmaceuticals. A new class of drugs made from genetic 
material called biologics can also be copied, and the resulting medica-
tions are referred to as biosimilars. Biosimilar copies of biologic drugs are 
just beginning to enter the market and are being treated by US courts like 
generic drugs (Grant, 2015). 

Although the costs of research and development of a new drug are 
high, as are the added costs of securing patent rights and regulatory ap-
proval, the period of patent exclusivity can allow a firm to recoup its initial 
investments by pricing the drug accordingly. However, there are obstacles 
confronting firms seeking to set prices at a level sufficient to recapture 
their initial investment.

The structure of the market for pharmaceuticals is one challenge. In 
many markets, there are a limited number of customers for a particular 
medication. First, there may be a limited number of potential patients for 
whom a drug is appropriate. Second, government health programs, large 
hospital and health care systems, and private insurers that must approve 
the purchase of a medication, are often able to exert downward pressure 
on drug prices (in effect, to act as an oligopsony (i.e., a market in which 
only a small number of buyers exist for a product). Third, in cases where 
governments are the exclusive health care provider, drug prices may be 
regulated with upper limits on unit prices that suppliers may charge.

Competition also limits the pricing power of a pharmaceutical 
originator once its period of patent-secured monopoly has ended. In the 
most direct case, once a generic or biosimilar alternative is available in 
the market, the opportunity to recoup the costs of drug development and 
approvals is constrained. Firms that produce copies of the original drug or 
medical device do not have to incur the research, development, patent or 
regulatory approval costs associated with the introduction of a new prod-
uct, and so are able to price copies at a far lower level. Some insurers and 
government programs require medical professionals—and even patients—
to choose a generic or biosimilar drug if it is available. 

To forestall the entry of competitors into a market, pharmaceut-
ical originators have in some cases sought a second patent for a drug on 
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the basis of a new use (utility) for which they have an existing patent. 
The practice of second patenting is known pejoratively as “evergreening” 
because it can allow an originator to have a second period of exclusivity 
for the new application, expanding the potential population of users and 
extending the period during which the originator can engage in monopoly 
pricing to recoup development costs.

Generic and biosimilar producers can challenge these patents in 
court, and they can also petition regulators to deny or delay the approval 
of a drug for a second use to limit the advantage of pharmaceutical ori-
ginators. In doing so, generic and biosimilar firms have sought allies in 
government, civil society, medical professionals, private insurers, and the 
general public on the basis that monopoly pricing by originators effectively 
denies access to medication to patients with limited means. The moral res-
onance of this claim has been particularly profound in emerging markets, 
but in developed countries where governments bear the costs of public 
health care provision, the pecuniary interest in lowering pharmaceutical 
prices as quickly as possible has resounded powerfully as well.

Under the World Trade Organization Trade Related Intellectual 
Property (TRIPS) agreement, two articles are particularly important for 
the pharmaceutical sector: Article 27 and Article 31.

TRIPS Article 27 defines what may be patented, citing the standard 
criteria of originality, inventive step, and capacity for industrial application, 
but it provides for two important exceptions. Article 27 section 2 states:

Members may exclude from patentability inventions, the pre-
vention within their territory of the commercial exploitation of 
which is necessary to protect ordre public or morality, including 
to protect human, animal or plant life or health or to avoid serious 
prejudice to the environment, provided that such exclusion is not 
made merely because the exploitation is prohibited by their law. 
(World Trade Organization, 1986)

Protection of public order could lead to the denial of a patent for 
a drug to treat HIV–AIDS by a government (such as, for a time, South 
Africa’s) bearing a prejudice against the infected. Exemptions on the basis 
of “morality” are not defined, and this exemption could be used to deny 
patents to abortifacient drugs, treatments for erectile dysfunction, or birth 
control drugs in some countries. Similarly, the protection of human, ani-
mal, or plant life, and the avoidance of “prejudice to the environment” are 
undefined and provide broad latitude to governments to deny a patent to 
particular pharmaceuticals. Article 27 section 3 erodes the protection for 
intellectual property for pharmaceutical firms even further, providing for 
an additional basis for exemptions:
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Members may also exclude from patentability: 
 
(a) diagnostic, therapeutic and surgical methods for the treatment 
of humans or animals; 
 
(b) plants and animals other than micro-organisms, and essentially 
biological processes for the production of plants or animals other 
than non-biological and microbiological processes. However, 
Members shall provide for the protection of plant varieties either 
by patents or by an effective sui generis system or by any combina-
tion thereof. The provisions of this subparagraph shall be reviewed 
four years after the date of entry into force of the WTO Agree-
ment. (World Trade Organization, 1986)

Hormonal therapies, biologics, and drugs based on modified genetic 
material (GMOs) could all be excluded from intellectual property protec-
tions under these broad provisions. For pharmaceutical originators, TRIPS 
Article 27 alone has the potential to vitiate the additional protections 
promised by TRIPS.

TRIPS Article 31 confirms the right of governments to issue “com-
pulsory licenses” to generic manufacturers to produce copies of a patent 
medicine in the case of a public health emergency. The WTO has oversight 
over this clause, and a government can be challenged on its claim of an 
emergency by another WTO member government. Apart from emergency 
conditions, the TRIPs agreement binds signatory states to enforce private 
intellectual property rights with regard to pharmaceuticals (Boulet, 2000).

The role of governments as both the providers of patent rights and 
regulatory approval to enter the national market on one hand, and as 
purchasers (directly or indirectly) of pharmaceuticals on behalf of some or 
all citizens on the other hand creates an ironic dilemma from the per-
spective of originators. After all, a significant portion of the cost of a new 
pharmaceutical or device that must be recaptured by higher prices during 
the period of patent exclusivity is the cost of securing intellectual prop-
erty rights (IPR) and regulatory approval. Governments both impose high 
costs on originators and then act in concert with copiers to undermine 
the originator’s ability to earn the profit necessary to provide a return on 
the initial investments necessary to bring a drug to market. At the same 
time, governments must strike a balance between policies that encourage 
innovation through secure IPR and the need to constrain pharmaceutical 
costs to promote access to essential pharmaceuticals in the interest of pub-
lic health (Brougher, 2014).
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Since health care affects virtually all citizens directly or through 
their dependents, bureaucrats as well as politicians experience pressure to 
constrain the pharmaceutical originators’ prices. Judicial systems are also 
not immune to such pressures, as cases brought by copiers or by patients 
to challenge patent terms, claims of benefits by the originator, or payment 
decisions by insurers (public and private) expose pharmaceutical originators 
to litigation. In Canada, courts have allowed generic manufacturers to chal-
lenge the utility basis for second patents and secure an immediate termina-
tion of the originator’s IPR (Canadian Intellectual Property Council, 2011). 

In the United States, generic drug manufacturers have used an 
administrative challenge procedure to attempt to invalidate or gain early 
termination of IPR for originators, leading originators to press for pharma-
ceutical patents to be exempted from administrative challenges altogether 
(Walker, 2015). Challenges would still be allowed in federal courts if the 
originators succeed in protecting their patents from the administrative 
challenge procedure, but US federal court reviews take longer and are 
more costly for challengers.

The irony in such cases from the originator’s perspective is that after 
a court rules in favour of a plaintiff ’s challenge to a patent on the basis of 
utility, the plaintiff proceeds to produce and sell copies of the drug found 
lacking in utility. Yet the finding of insufficient utility is not a finding of 
zero utility; the insufficient utility may be determined by the court in rela-
tion to the originator’s claims for the second application, and in any case 
does not relate to the utility asserted in the initial patent, which remains 
uncontested.

Another threat to the ability of pharmaceutical originators to recoup 
costs during their period of patent exclusivity comes from imported drugs. 
These may be copies (generic or biosimilar) or they may be the product 
of the originator, purchased for a lower unit price in one market and then 
exported to a higher-price market. This is possible because unit prices 
may vary by market due to the oligopsonistic structure of demand in that 
market, or due to prices set by regulators for a particular market. Prices 
may also differ across markets if the patent rights of the originator expire 
in one market before they expire in another. The result is downward pres-
sure on prices in all markets through arbitrage (OECD, 2008). Since the 
intellectual property protected by a national patent is effectively returned 
to the market from outside the country during arbitrage, the phenomena 
has been called re-importation or parallel importation. 

The US Congress debated legislation to make re-importation legal as 
a popular antidote to high prices for certain drugs as early as 2003 (Arf-
wedson, 2004). Citing lower prices for certain drugs on Canadian formu-
laries, the Congress sought to permit US citizens to freely import certain 
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drugs from Canada, often through online pharmacies. This would not dir-
ectly alter the patent right of the pharmaceutical originator to profit from 
a particular drug, but would reduce the value of the patent in a country 
like the United States where firms could count on charging higher prices 
to recoup costs even when facing price limits in other markets.

Firms that originate pharmaceuticals must also seek data protection 
commitments from the regulators who govern market access. Pharma-
ceutical companies must submit details of a drug’s composition as well as 
the results of their own clinical trials. Regulators receive access to some 
quantity of the drug for independent testing and additional trials. The data 
involved is typically restricted for a period of time, but eventually becomes 
available to other researchers. At this point, two new risks for pharma-
ceutical originators emerge (Pugatch, 2004). This data can in many cases 
be used to duplicate the drug for sale as a generic or biosimilar product, 
so if there is any market in which the originator has not secured its IPR, 
copies can be made and sold, and there is some risk of counterfeit drugs 
being exported into markets where the firm has patent exclusivity, under-
mining the ability of the originator to recoup costs via pricing. Addition-
ally, the data, particularly concerning the clinical trials on human subjects, 
becomes accessible for litigation.

Litigation is a particularly significant source of risk in the United 
States, where companies can be subject to punitive fines awarded by juries 
whose sympathies rest with a sick patient or with families of the deceased 
who blame a drug and its originator for injury or loss (Garber, 1993). Class 
action suits can allow one case of injury to metastasize into a hypothetical 
class of possible victims that a jury might consider when rendering a figure 
for damages. Since the pharmaceutical originator is the only firm to have 
sought and received regulatory approval for a drug, it faces such litigation 
risk alone; generic and biosimilar manufacturers can only be targeted if 
they deviate from the regulatory-approved formula.

Erosion of the term of patent exclusivity for the pharmaceutical 
originator by bureaucratic, legislative, or judicial action has put these firms 
on the defensive. At the same time, three broad trends are transforming 
the pharmaceutical industry worldwide.

Demographics

Populations in developed countries are aging due to lower birth rates 
and longer lifespans, and older individuals are more likely consumers of 
pharmaceuticals (US National Institute on Aging, 2012). The elderly in 
developed societies have greater access to pharmaceutical options due to 
their own resources and because of wealth transfers from younger genera-
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tions, often mandated by governments. This has expanded the potential 
market for expensive pharmaceutical options, which address medical con-
ditions and help manage chronic conditions while giving patients a better 
quality of life. The larger the proportion of the population that is elderly 
and in need of expensive pharmaceuticals, the greater the financial burden 
on younger workers, who in turn tend to blame government (for the taxes 
that fund the wealth transfers) instead of their elders. Lowering health care 
costs has accordingly become a priority for the democratic governments of 
the developed world.

While this demographic trend is familiar to Japanese, Europeans, 
and North Americans, many emerging markets are showing signs of aging 
as well and for similar reasons (e.g., lower birth rates and longer lifespans). 
Yet for many of these societies, such as China, India, and Brazil, there is 
less financial capacity for intergenerational wealth transfers, and lower 
absolute levels of saving and other assets accessible to the elderly. In these 
countries, governments have sought “access to medicines” on behalf of their 
citizens through discounts from pharmaceutical originators, aid programs 
to finance medications in response to health crises and epidemics (such as 
to combat malaria or HIV–AIDS), and adjustments to IPR or regulatory 
systems to favour consumers and low-cost manufacturers (of generic or 
biosimilar copies of patented medications and devices) (t’Hoen, 2002). 

Innovation

The nature of innovation and its dissemination has changed dramatically 
in recent years. Advanced manufacturing and automation has made it pos-
sible to quickly and cheaply design (or reverse engineer), mass produce, 
and distribute new products to markets worldwide very quickly (Shipp, 
2012). This places new pressures on IPR from counterfeiters, imitators, 
and other competitors who can exploit any gap in IP rights or regulatory 
approval to capture market share that would once have been safely within 
the preserve of the patent holder (Kiriyama, 2011).

Peter Thiel and others have complained that this has led firms to 
seek innovations on the margins of existing products for which they have 
secure IPR, such as process changes and new applications, instead of 
“breakthrough” innovations that create new markets and new demand 
(Thiel, 2014). This is certainly a characteristic of some firms in the phar-
maceutical and medical device sector, where the high costs of research, 
development, patent, and regulatory approval are both rising and becom-
ing more difficult to recover through pricing during the limited period of 
patent exclusivity that is also being eroded by numerous trends. Marginal 
improvements or tweaks to existing drugs, or new applications for drugs 
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under secure IPR and existing regulatory sanction offer a better risk-ad-
justed return on investment than does the expense and effort involved in 
developing an uncertain new drug.

Globalization

The pressures on the pharmaceutical originating industry are leading to 
a globalization of the sector that favours large firms with the capacity 
to spread risk across a larger portfolio of drugs that have secure IPR 
and regulatory approval in as many markets as possible simultaneously. 
Boutique firms with smaller portfolios and presence in a limited number 
of markets are more vulnerable to patent, regulatory, counterfeiting, and 
re-importation risks, which make it difficult to finance new drug develop-
ment. Often, when such firms do innovate, they seek to sell a new drug to 
a global firm that can better realize its market value potential due to its 
advantages of size and scope.

Globalization of the pharmaceutical sector is also being driven by 
consumers and the fluid sharing of information about new pharmaceutical 
options that occurs across national borders. Whereas news of the latest 
medical breakthrough used to disseminate through scholarly publications 
and a handful of well-traveled experts and those with the means to travel 
for treatment, now that news is readily available on the internet. Patients 
in rural and remote areas expect pharmaceutical options as quickly as 
those in world capitals. 

As global firms consolidate, they are pressuring governments to 
standardize and synchronize patent systems, building on the PCT to 
“single-window” applications (i.e., to conduct simultaneous reviews by 
multiple patent authorities, get patent agencies to reciprocally recognize 
IPR, and standardize patent terms and protections). In addition, global 
firms are seeking to shrink regulatory approval times by promoting greater 
mutual recognition of approvals by the regulators in different countries.

All three previously cited trends (demographics, innovation pat-
terns, and globalization of the originating pharmaceutical industry), have 
combined to place pharmaceutical concerns about IPR and market access 
(via regulatory approval) on the international trade agenda.

Toward a global standard for IPR: The WTO, TRIPS, 
and the TPP

During the Uruguay Round of what was then known as the General Agree-
ment on Tariffs and Trade (GATT) from 1986 to 1994, the three trends 
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reshaping the pharmaceutical industry led governments to consider phar-
maceutical sector trade for the first time. The final Uruguay Round agree-
ment eliminated tariffs on imported pharmaceuticals, which subsequently 
led to an increase in parallel imports (re-importation) as well as generic 
drugs, both of which entered markets where originators held IP rights that 
remained in force.

The Agreement on Trade Related Intellectual Property Rights 
(TRIPS) was negotiated alongside the Uruguay Round and became part 
of the World Trade Organization (WTO) agreements (Boulet, 2000). This 
meant that it was binding on all WTO member states and disputes related 
to IPR could be adjudicated by governments within the WTO dispute 
settlement mechanisms.

The TRIPS Agreement standardized the patent term of exclusivity 
for an originator to 20 years, and called on governments to respect and 
enforce private IPR. Article 31 of the TRIPS Agreement confirmed the 
right of governments to issue compulsory licenses for domestic manu-
facture of generic copies of medicines still under patent in the case of a 
declared public health emergency, but created a mechanism for review of 
emergency declarations by the WTO at the request of another member 
state government. This compromise addressed concerns over access to 
“essential” medicines in times of crisis, but attempted to provide some 
discipline through international oversight that would prevent the abuse of 
the exemption.

The TRIPS compromise was criticized by many public health of-
ficials in developing countries and development activists who cited the 
rapid spread of HIV–AIDS in Africa, noting that the most effective treat-
ments for those diagnosed as HIV positive were new pharmaceuticals 
under patent, and many of the most affected countries lacked the domestic 
capacity to produce generic copies of such medicines in any case; in effect, 
they had no firm to issue a compulsory license to. WTO members at the 
Seattle meeting, and later as part of the Doha Round negotiations, agreed 
to discuss amending the exemption to allow for the importation of generic 
copies under compulsory licenses (t’Hoen, 2002).

The Doha Round negotiations, launched in 2001, progressed slowly 
and ultimately failed to reach an agreement. As a result, several govern-
ments pursued negotiations on trade liberalization bilaterally and region-
ally or multilaterally at the same time as the Doha Round, opening up a 
new option for addressing pharmaceuticals.

In 2005, the United States, Canada, and Mexico launched a negotia-
tion on the regulatory and security barriers to market access. The nego-
tiation attempted to revisit some of the issues not successfully dealt with 
in the North American Free Trade Agreement (NAFTA). The Security 
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and Prosperity Partnership of North America (SPP) established 20 gov-
ernment-to-government working groups. In 2006, private sector groups 
created the North American Competitiveness Council to press the three 
governments on issues of concern to business (Anderson, 2007). The 
governments considered ways to lower the cost of pharmaceutical drug ap-
provals by regulators by agreeing to a common application, parallel regula-
tory consideration, and even mutual recognition of some drug approvals as 
well as sharing clinical trial data. Limited progress was made on these ideas 
before the SPP was terminated by the Obama administration in 2009.

The Obama administration saw merit in continued talks with 
Canada and Mexico on security and regulatory cooperation, and chose 
to continue these talks on a dual-bilateral basis, with regulatory cooper-
ation talks taking up pharmaceutical issues between the United States and 
Canada in 2011 (Sands, 2011). The agenda was again to lower the cost of 
duplicative regulatory measures for pharmaceutical originators, rather 
than harmonizing pharmaceutical IPR systems in the two countries.

IP concerns were, however, a source of friction between the United 
States and Canada for products ranging from software to pharmaceuticals. 
The United States Trade Representative placed Canada on its “priority 
watch list” for intellectual property piracy beginning in 2009 and the US 
government pressed Canada for changes to its intellectual property pro-
tection statutes (Office of the United States Trade Representative, 2010). 
In 2014, the Parliament of Canada approved the Copyright Modernization 
Act and in the process addressed some US concerns, but not in the area of 
patent medicines (Gardiner Roberts LLP, 2014).

Tensions between international pharmaceutical originators and 
the government of Canada subsequently worsened due to judicial action. 
Canadian courts granted patent termination to domestic generic manu-
facturers in a handful of cases on the basis of instances in which claims 
made by pharmaceutical originators to secure a second patent term on 
the basis of a new use for the patented drug were denied. The Canadian 
courts found in favour of plaintiffs that the patent holder had not fulfilled 
its “promise” of utility. 

As a result of one such ruling, Eli Lilly and Company filed an invest-
or–state dispute claim against the government of Canada under Chapter 
11 of the NAFTA, alleging that the invalidation of its Strattera and Zyprex 
pharmaceutical patents by Canada was inconsistent with Canada’s com-
mitments under NAFTA (Canada, Foreign Affairs, Trade and Develop-
ment, 2015). This case is still pending as of this writing.

Canada came under pressure to address pharmaceutical IP protec-
tion during negotiations with the European Union that led to the an-
nouncement of the Canada-EU Comprehensive Economic and Trade 
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Agreement (CETA) in 2014. Although the CETA remains unratified, its 
text commits Canada and the EU to enforce private IP for pharmaceuticals 
consistent with TRIPS (with 20 year exclusivity), and provides for patent 
restoration and common standards for data exclusivity (Dawson, 2015).

The United States joined ongoing negotiations with Australia, Brunei 
Darussalam, Chile, Malaysia, New Zealand, Peru, Singapore, and Vietnam 
on a Trans Pacific Partnership (TPP) in 2008 during the Bush administra-
tion. In 2010, the United States sought to have Canada, Mexico, and Japan 
join the TPP, and each of the three was subsequently welcomed to the 
negotiating table by the other governments. 

Pharmaceutical issues have been a contentious issue in TPP talks. 
The draft text released by the United States Trade Representative confirms 
that the United States had largely succeeded in getting other TPP coun-
tries to accept the TRIPS language for protection for pharmaceutical IP 
(Office of the United States Trade Representative, 2015). Concerns over 
possible restrictions on the use of compulsory licenses for the importation 
of generics have been raised by advocates for access to “essential medi-
cines” throughout the talks, and re-emerged on the basis of another leaked 
draft in July 2015 (Grunwald, 2015). These did not remain in the final text, 
however (Office of the United States Trade Representative, 2015). The 
process of ratification by the 12 TPP governments could yet lead to more 
changes to this text, particularly if the US Congress delays action on the 
TPP until after a new US administration takes office in January 2017; a 
similar delay in ratification of NAFTA allowed the Clinton administration 
to add side agreements to NAFTA as it had been negotiated by the George 
H.W. Bush administration.

At the same time, United States negotiations with the European 
Union seeking to establish a Transatlantic Trade and Investment Partner-
ship (TTIP) are expected to address pharmaceutical IP standards. Al-
though both the United States and the European Union are home to major 
pharmaceutical originator firms as well as generic and biosimilar manu-
facturers, they cannot by themselves be certain to set a global norm for 
pharmaceutical IPR with TTIP alone.

This prevalence of pharmaceutical issues in trade talks reflects the 
compelling nature of the trends reshaping the industry. Globalization is 
taking place as generic versions of patent medicines move between nation-
al markets in increasing volumes. The extant system under which origin-
ators could recoup research, development, patent, and regulatory approval 
costs in developed country markets through monopoly pricing is under 
pressure from governments seeking to lower costs associated with health 
care. Innovation is occurring at a rapid pace, but also allowing copies of 
patent medicines with increasing ease while attempts to extract additional 
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revenue from existing drugs by extending patents on the basis of new uses 
for a medicine are being challenged by novel legal arguments in Canada 
and other markets. 

Behind all of these concerns, the demographic shifts in both de-
veloped and developing countries, prompted by lower birth rates and 
longer lifespans, are expected to increase demand for pharmaceutical 
breakthroughs—and price reductions.

Positions of selected governments

The positions of the governments in the various trade negotiations of re-
cent years permit a simplified typology into three main groups. 

The first group consists of accommodators, and includes the United 
States, joined on some issues by the European Union and Japan. It is the 
group most favourable to the concerns of the major international phar-
maceutical originators. Although these governments are also seeking 
to lower pharmaceutical prices and health care costs in their respective 
home markets, they also impose considerable costs on pharmaceutical 
originators through the compliance burden associated with securing 
patent rights and regulatory approval. In the United States in particular, 
litigation has challenged IP associated with pharmaceuticals that have 
won both patent and regulatory approvals, creating additional costs and 
risk for originators. Pharmaceutical firms seek relief on these costs from 
governments, while governments seek relief on prices—a natural bar-
gain, perhaps, and one that the United States is pursuing through regula-
tory cooperation with Canada. 

Yet as globalization drives firms toward one price in all markets 
in response to arbitrage pressures from re-importation and generic and 
biosimilar competition, the United States and other accommodators seek 
to secure internationally consistent IPR protections to increase the value 
and lower the uncertainty for pharmaceutical originators concerned 
about recouping costs. This is not a solution to the larger cost issues, but 
it does provide some relief at the margins for firms without reducing the 
thoroughness of regulatory reviews or eliminating the downward price 
pressures of globalization, which will benefit these governments and their 
citizens as well. For accommodators, the goal is to strike a balance that 
sustains the necessary conditions for pharmaceutical innovation while 
shifting the market for pharmaceutical drugs toward greater competition 
and access (via lower prices).

The second group consists of bargainers: developed countries with 
some generic or biosimilar production capacity, but few (if any) origin-
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ators. Under pressure from pharmaceutical originators and accommodator 
governments to change domestic IP and regulatory systems to conform 
to new international standards and norms—often based on the United 
States’s own approach—the bargainers see harmonization of international 
rules for pharmaceuticals as likely, and perhaps even desirable. However, 
they seek to trade their efforts to bring their policies into alignment with 
any new international norm for concessions in other areas. Domestically, 
this is necessary to show the benefit to their constituents of moving from 
the familiar national approach to something new that will clearly benefit 
the international pharmaceutical originating firms which are foreign, or 
have a limited presence in the domestic market. 

The context of trade negotiations has traditionally fostered bar-
gaining, and the shift of pharmaceutical IP concerns onto the trade liberal-
ization agenda made the emergence of bargainers logical. Their demands 
are also manageable by accommodator governments willing to give con-
cessions in other areas in order to secure a strong international IP regime 
for pharmaceuticals.

The third group of governments is the mendicants, seeking access 
to patent medicines at low or concessionary prices. For many, compulsory 
licensing has been of limited value due to the lack of domestic capacity to 
copy drugs and produce them in quantities sufficient to supply local needs. 
To some extent, the needs of mendicant countries can be met by de-
veloped country aid programs such as the US President’s Emergency Plan 
for AIDS Relief (PEPFAR) set up during the George W. Bush administra-
tion, or by concessions negotiated with pharmaceutical firms themselves.

Yet in the trade negotiation process, the large number of mendicant 
governments poses a threat to a fragile consensus that would foster the 
emergence of an international pharmaceutical IP regime of norms and 
standards sought by accommodators and acceptable (at some price) to 
bargainers. 

While the momentum toward an international IP consensus for 
pharmaceuticals is strong, groups working against it include generic and 
biosimilar firms who would lose out, as well as development and public 
health advocates whose commitment to saving lives outweighs a commit-
ment to further innovation and even, in some cases, market capitalism. 
Combined with the moral force of the mendicant case based on need, the 
momentum could shift against a global pharmaceutical IP regime emer-
ging from any of the current trade negotiations.

This failure would not alter the trends described above: the phar-
maceutical industry would still fall under pressure for global price conver-
gence as copying even complex patent medicines increases and arbitrage 
across markets grows. Without a means to recover capital investments in 
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research, development, and patent and regulatory approval, investors will 
shift capital away from the pharmaceutical sector. The resulting loss of 
future cures is incalculable.

Private sector positions and options

The two scenarios—of securing or failing to secure pharmaceutical IPR 
within the international trade system—are presented starkly above in 
order to highlight the stakes. It should be clear to firms in the industry that 
the legacy model whereby pharmaceutical originators were permitted a 
regulated monopoly in order to recoup investments in research, develop-
ment, and patent and regulatory approval—similar to the model used to 
encourage private investors to develop telephone and cable networks—is 
under threat. The status quo will not hold.

For this reason, among others, there has been industry consolidation 
in recent years, with the result that the pharmaceutical originating sector 
is now dominated by a small number of large firms whose size gives them 
an ability to spread risk and survive.

It should be recognized that accommodator governments, including 
the United States, are accommodating change, not preserving the existing 
order. Yet this approach is the friendliest to the survival and thriving of the 
pharmaceutical originators. With skill and tenacity, the accommodators 
can also win over the bargainers, or at least the most important of these.

The strong moral case of the mendicant governments, however, 
has resonance with citizens of both the accommodator and the bargainer 
countries. For a global IP consensus to be sustained, some compromise 
with the mendicant governments, or a sufficient number of them, will be 
necessary.

This points to the weakness of seeking a durable set of norms in bi-
lateral and regional multilateral trade negotiations. While a US–EU agree-
ment on pharmaceutical IP sealed in a future TTIP would be a significant 
achievement, it would remain open to the mendicant challenge. This is 
why the logic of TRIPS, abandoned when the Doha Round collapsed for 
other reasons, was revived in the TPP and still holds.

While ratification of the TPP will take time, particularly given the 
ongoing US elections, the pharmaceutical originating firms should not rely 
for a solution on possible changes to the TPP, or any other current nego-
tiation. This analysis of the forces driving change in this sector globally 
points to another promising option that might be pursued simultaneously: 
government reforms of existing patent and regulatory approval systems 
that cut costs and expedite decisions.
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The accommodator governments are offering a kind of relief that 
is in part a way to avoid making major changes to their own processes in 
these areas. Today, the international pharmaceutical originator firms are 
villains to the public, which objects to the high prices of original medi-
cations. Yet those high prices are the result—at least partially—of the 
government’s processes. Improvements to those processes of the type 
being discussed by Canada and the United States in their Regulatory 
Cooperation Council would permit lower prices at home and abroad. And 
although difficult, these reforms could address the needs of mendicant 
countries as well. Bargainer governments like Canada’s are being asked to 
undertake difficult domestic policy reforms to establish international IPR 
norms for pharmaceuticals; why not press accommodator governments to 
do likewise?

Implications for Canada

There is an active debate in Canada over the future of the domestic IPR 
system and the role of pharmaceuticals in national health and economic 
development. The brief overview in this chapter, which focuses more on 
global trends than the Canadian domestic market, provides the basis for 
two brief observations about the implications for Canadian policymaking 
in this area.
First, change is inevitable. Canada may bargain, but it will sooner or later 
need to conform to an international IPR consensus on pharmaceuticals if 
and when one emerges. Therefore, its bargaining should be aimed at arriv-
ing at a deal with the accommodators, led by the United States, which is 
defensible as the best deal possible for Canadians.

Second, reform of domestic government processes is important, not 
just to pursue the NAFTA goal of a single market for goods and services in 
North America, but also to address the concerns of developing countries. 
Shortening the length of time it takes for patent and regulatory approvals, 
providing for simultaneous and coterminous approvals across multiple 
markets through governmental regulatory cooperation, and employing 
big data analytics to track biologic performance and sharing data on such 
personalized medicines among regulators could all reduce the costs firms 
need to recover, and provide a basis for lower prices. The US-Canadian 
Regulatory Cooperation Council is an under-resourced, under-appreciated 
forum that could provide innovative reforms of regulatory approval pro-
cesses that cut costs and improve public sector productivity—with pro-
found implications for growth as well as health.
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The situation in which Canada now finds itself is at the center of a 
global effort to find the calculus of convergence that will produce a con-
sensus for new global norms and a stable pharmaceutical sector capable of 
generating innovation for decades to come. In that calculation, Canada is 
not the victim of change, but a potential contributor to reform.
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Unique Aspects of Patents  
for Medical Innovation:  
Recent Research Developments 

by Tomas J. Philipson1

Introduction

It is often argued that intellectual property (IP) spurs innovation by rais-
ing the rewards for discovery, but it does so by granting a monopoly in 
the event of discovery. According to classical theory (Nordhaus, 1969), 
the benefits of additional research and development (R&D) induced by a 
patent must be weighed against the costs of the loss of output from a pat-
ent monopoly. This classical view of the effects of patents implies that the 
deadweight loss of monopoly is what limits the value of patents and there-
fore predicts that patent expirations will always lead to increased competi-
tion, lower prices, and higher output. 

Although some of these classic effects of patents are present for 
medical innovation, recent research suggests that innovation into medical 
products leads to some unique and peculiar aspects that are not present in 
other industries. This paper reviews aspects of these recent developments 
and argues that they are central to evaluating the effects and desirability of 
domestic intellectual property policies. The discussion here is highly se-
lective although we attempt to refer the reader to more exhaustive reviews 
for further readings. For example, Malani and Philipson (2012) provide a 

1  I am thankful to Steven Globerman and workshop participants at a Fraser Institute 
symposium on intellectual property in the health care sector, held on September 18, 
2015, for comments that improved the paper.
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review of the regulatory aspects of medical product markets and Goldman 
and Lakdawalla (2011) provide an excellent review of the large literature 
on IP and medical innovation. Rather, the purpose here is to highlight 
some specific recent research developments that bear on the consequences 
of IP policies for innovation in medical product markets.

Domestic issues in patents and innovation

The standard analysis of patent protection argues that ex-post static effi-
ciency should be sacrificed for ex-ante dynamic efficiency. Ex-post, output 
is inefficiently restricted by the marked-up prices the patent-monopolist 
charges, but this is efficient dynamically because investments are made 
in R&D to obtain the profits induced by subsequent monopoly power. 
Patents are not ideal compared to the utopian state where rewards of the 
total societal value of an innovation could be awarded without monopoly 
distortions, but such rewards are impossible to implement in practice. 
Various factors that raise profits ex-post, such as pricing or quantity 
through market size, will raise the amount of R&D undertaken to obtain 
those profits. The empirical analysis of the direction of these standard 
effects confirms this classic analysis of the effects of patents (Goldman 
and Lakdawalla, 2011). In this chapter, we discuss two unique aspects of 
the effects of intellectual property for medical innovations that have been 
analyzed recently in the academic community.

Marketing and patents

According to standard analysis of R&D benefits, a patent system must be 
weighed against the associated output lost to patent monopolies, which 
reduce price competition. This analysis implies that patent expirations 
always lead to increased competition, lower prices, and higher market 
output. 

In light of this, Lakdawalla and Philipson (2012) present the surpris-
ing evidence shown in figure 1. The figure depicts the percentage change 
in quantity—comparing 6 months before patent expiration to 6 months 
after—for a sample of US pharmaceutical products whose patents expired 
between 1992 and 2002. For about 40% of drugs, output actually falls after 
patent expiration, and expands only modestly for many others. 

The figure suggests there may be more to a patent expiration than 
the end of monopoly pricing alone, and consequently more to the welfare 
effects of IP protection. Lakdawalla and Philipson argue that the standard 
analysis of IP must incorporate various aspects of non-price competi-
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tion, which may reinforce or mitigate the effects of monopoly pricing. For 
example, while monopolists have incentives to restrict quantity through 
higher prices, they may also have different incentives to promote their 
product through advertising and to vertically integrate with upstream or 
downstream firms. These forms of non-price competition can change the 
efficiency impact of IP regulations. 

Motivated by this idea, the analysis examines the effect of market-
ing—a particularly important form of non-price competition—on the stat-
ic and dynamic efficiency of patents.2 Patent expirations decrease the private 
returns to marketing, which disappear when goods are sold at marginal cost. 
As a result, expirations may actually reduce output, if they decrease market-
ing effort by enough to offset the impact of price reductions. 

2  Different forms of non-price competition merit separate analyses. For example, 
monopoly has a range of possible effects on quality provision. Mussa and Rosen 
showed that monopolists will “over-differentiate” their product and induce a lower 
quality choice by consumers (Mussa and Rosen, 1978). Subsequent authors have 
demonstrated how these results can be altered or even reversed under different 
specifications for demand (Gabszewicz and Wauthy, 2002).

Figure 1: Distribution of Quantity Changes by Molecule, 
from Patent Expiration to One Month after Expiration
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To assess the quantitative importance of these arguments more fully, 
Lakdawalla and Philipson estimated the impact of marketing on welfare 
using patent expirations in the US pharmaceuticals market, between 1990 
and 2003. This industry is a natural choice for empirical analysis of R&D 
and marketing because it is among the highest-spending industries in both 
categories. The industry spends approximately 15% of sales on marketing, 
and 16% of sales on R&D.3 By comparison, about 2% and 3% of US GDP are 
allocated to advertising and R&D, respectively, for the average industry.

Figures 2 and 3 differentiate the effects by amount of advertis-
ing. The figures are based on data from 101 molecules with patents that 
expired between 1999 and 2002. The source of the data is the IMS Gen-
eric Spectra database. The graphs show the percent change between the 
month of patent expiration and the month shown on the x-axis. In all 
cases, price is per gram. A fully advertised drug has at least one month of 
nonzero samples dispensed, at least one month of nonzero detailing visits, 
and at least one month of nonzero medical journal advertisements. Each 
figure depicts monthly time series, relative to the month of patent expira-
tion, for branded quantity, branded price, total quantity, and total price, 
at the molecule level. Figure 2 depicts these trends for molecules that are 
advertised, while figure 3 does so for molecules that are not. For all drugs, 
price declines steadily after the month of expiration. For the non-advertised 
drugs, quantity rises fairly steadily over this period as well. However, for the 
advertised drugs, quantity appears flat after patent expiration. This suggests 
patent expirations may decrease demand among the advertised drugs, but 
not among their non-advertised peers.

Lakdawalla and Philipson estimated these effects more formally 
using the timing of patent expirations as instruments for the supply price 
and marketing incentives of a molecule. Changes in supply induced by pat-
ent expiration allow us to identify the demand for drugs as a function of 
both price and advertising effort. The estimated demand function implies 
that in the short-run (the first five months after expiration), output falls 
after patent expiration because the reduction in advertising more than off-
sets the reduction in price. This output loss is estimated to cost consum-
ers roughly $1 million per month for each drug whose patent expires. Not 
until several years have elapsed does the price effect dominate the reduc-
tion in advertising. In the long-run, patent expiration benefits consumers, 
but the reduction in advertising reduces the total gain to consumers from 
patent expiration by about 30%. In the long-run, patent expiration increas-

3  Many drugs have seen dramatic increases in direct-to-consumer advertising 
(DTC) since the 1997 change in FDA guidelines on such advertising. The guidelines 
recommend providing patients with easy access to a product’s approved labeling via a 
telephone number, website, printed material, and health care professional.
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Figure 3: Mean Trends in Price and Quantity for Drugs Not 
Fully Advertised

Figure 2: Mean Trends in Price and Quantity for Fully  
Advertised Drugs

Source: Lakdawalla and Philipson, 2012.

Source: Lakdawalla and Philipson, 2012.
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es quantity, thereby benefiting consumers. However, even from a long-run 
perspective, monopoly marketing provides benefits to consumers. We esti-
mate that the value to consumers is roughly 20% to 25% of total monopoly 
revenue, roughly on par with the firms’ costs of marketing. Therefore, even 
if firms did not benefit from marketing, the latter would be approximately 
welfare-neutral.

Cost effectiveness analysis and patents 

Given the large and growing share of resources devoted to health care, 
many governments are grappling with how to best assess and adopt new 
medical products contributing to the observed growth in spending (Ne-
whouse, 1992). In many countries, the major approach put forth to date 
has been the use of cost effectiveness (CE) criteria to guide the adoption 
of new and existing technologies. As the name suggests, CE analysis offers 
policy-makers an important means to allocate often scarce health care re-
sources based on the costs and benefits of available medical technologies. 

The extensive role of such criteria is particularly stark in many 
Westernized countries outside the US, e.g., the UK’s National Institute 
for Clinical Excellence (NICE) and Australia’s Pharmaceutical Benefits 
Advisory Committee (PBAC), both of which have been reported to follow 
implicit CE thresholds in technology adoption decisions. Such thresholds 
dictate that technologies will be adopted when their benefits, often meas-
ured by the quality-adjusted years of life they provide, outweigh a given 
level of costs. In Australia, for example, only 2 out of 26 submissions were 
accepted for reimbursement where their cost per life-year-saved exceeded 
$57,000; similarly, only 1 out of 26 submissions was rejected where the 
cost per life-year-saved was less than $32,000 (Bethan, Harris, and Mitch-
ell, 2001). Although the US Centers for Medicaid and Medicare (CMS) do 
not use explicit considerations of cost effectiveness, it is reasonable to infer 
that technologies that cost more and have less of a health impact receive 
greater scrutiny before they are adopted. 

Previous literature has established the positive role that CE analy-
sis can play in allocating health care resources efficiently (Drummond, 
O’Brien, Stoddart, and Torrance, 1997; Garber and Phelps, 1997; Gold, 
Siegel, Russell, and Weinstein, 1996). While this literature demonstrates 
a solid economic foundation for using CE analysis to guide medical 
decision-making after a technology has been developed, less attention has 
been given to the incentives these criteria induce for bringing technologies 
to market in the first place. Put differently, spending on highly cost-effect-
ive technologies, i.e., those for which the static benefits far outweigh the 
costs, is routinely considered to be an appropriate use of health care funds. 
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If the observed cost-effectiveness of these technologies were lowered, e.g., 
through higher prices paid to innovators, would current and future pa-
tients be worse off? The answer to this question depends on the trade-off 
central to expensive, emerging technologies: the increased welfare of cur-
rent patients due to adoption of only cost-effective technologies versus the 
decreased welfare of future patients due to the disincentives for innovation 
that such price control policies induce.

Contrary to previous literature, we assess CE analysis in a dynamic 
context—one that considers both its appealing properties after a technol-
ogy has been developed as well as its effect on the R&D incentives crucial 
to technological change. In several respects, the CE thresholds in place in 
many countries resemble other mechanisms designed to regulate prices in 
other industries, such as rate-of-return regulations or straight price con-
trols. In this sense, our recommendations are closely related to ongoing 
policy discussions of the role such cost-containment procedures may play 
in limiting incentives to innovate. While these procedures may increase 
social welfare through reduced prices once technologies are developed, 
their potentially negative effects on innovation are equally well under-
stood (see, for example, US Dept. of Commerce, 2004). This is, in fact, the 
rationale for the patent system—to promote the inefficiency of high mon-
opoly prices because of the innovation it encourages. Thus, for the same 
reason that patents exist to promote innovation, CE criteria that implicitly 
limit the value of these patents should be modified to reflect the R&D 
incentives they induce. Technology adoption through cost-effectiveness 
is a price control policy in disguise, and may therefore have many of the 
properties of such policies.

At its core, CE analysis argues for technologies for which the static 
benefits to patients outweigh the costs, whether they are actual costs of 
production or, as more commonly used, the prices paid by consumers and/
or public payers. CE analysis may be conducted at several levels and from 
different perspectives: for example, by health plans choosing technologies 
to be covered for their members or by nations financing care for their cit-
izens. Since much of the controversy regarding pharmaceutical pricing has 
focused on national health care systems, our analysis is most pertinent to 
CE assessments conducted from the perspective of national payers, such 
as the UK’s NICE.

In theory and presumably in practice, the benefits and costs used in 
such a CE analysis are incremental—that is, a given procedure improves 
health by one quality-adjusted life-year (QALY) at a price of $50,000 com-
pared to a baseline therapy—the so-called standard of care or comparator 
technology. The benefit is the value of the additional quality-adjusted year 
of life, which comes at an additional cost of $50,000. Those technologies 
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are deemed most cost-effective for which the incremental benefits far out-
weigh the additional costs to the health care system.

Translated into economic theory, we argue that technologies are 
most cost-effective when the associated consumer surplus—the benefits to 
consumers net of the price paid—is also large. Consumer surplus concerns 
the difference between benefits and costs, versus cost-effectiveness criteria 
which concerns the ratio. Figure 4 illustrates this concept with a standard 
diagram of supply and demand for a given drug therapy. As usual, the 
quantity of the drug is on the horizontal axis, while the price is on the 
vertical one.

The demand curve reflects society’s willingness to pay for a given 
level of provision—its magnitude depends on several factors, one being 
the price (or availability) of other related technologies. For example, if the 
demand curve depicted the willingness to pay for loop diuretics, its height 
would depend on the price of substitute treatments, e.g., ACE inhibitors. 
The absence of good substitutes would result in a greater willingness to 
pay for diuretics, an outward shift in the demand curve. One can then in-
terpret the demand curve for loop diuretics as identifying the incremental 
benefit of these drugs for a given price of alternative treatments.

The area under the demand curve (areas A+B) is the gross benefit to 
patients from consuming the drug. As more patients consume the drug, 
the gross benefit increases. The amount by which this benefit exceeds the 
price paid is the consumer surplus (area A) when the price paid equals the 

Figure 4: Cost-Effectiveness in a Standard Model of  
Supply and Demand
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marginal cost. We interpret the CE of this particular drug as the ratio of the 
gross incremental benefit to the total amount paid (A+B divided by B). The 
higher the gross benefit over the total amount paid, the higher the CE. The 
main implication of our analysis is that a drug’s CE and consumer surplus 
are intimately related—the higher the consumer surplus, the higher the CE.

Figure 4 also depicts the supply curve for this drug. It is well known 
that the marginal costs of drug production are quite low, often on the 
order of cents per pill. The supply curve, here assumed to be flat, illustrates 
several points. First, if markets are competitive (price equals marginal 
cost), the net gains to consumers are large—area A in the figure. Both 
the consumer surplus and CE of the drug are high, primarily because the 
benefit to patients far outweighs the price paid by them. Moreover, the 
manufacturers of the drug make zero economic profits since the price of 
the drug equals its marginal cost. When markets are not competitive—as 
is commonly true of markets for new medical products—and producers 
charge prices that exceed marginal costs, the consumer surplus is lower 
and producers earn profits. The extent to which these profits compare to 
consumer surplus defines how the gains from innovation are divided.

We can now return to the question we started with: if the observed 
cost effectiveness of this drug were lowered, for example through higher 
prices paid by consumers, would current and future patients be worse off? 
More generally, what are the current and future implications of policies that 
limit health care spending growth, either through strict price controls or CE 
criteria that implicitly adopt only the most cost-effective technologies?

The answer to these questions depends on the process of drug 
discovery. After a drug has been discovered, economic theory tells us that 
society is best off if the price of the drug equals its marginal cost. The total 
quantity of drug supplied and consumed is at its highest, and drugs are 
only consumed by those whose benefit exceeds the cost of production. In 
this case, both consumer surplus and CE are high, and increases in price 
above marginal cost lower the welfare of current consumers.

In reality, drug discovery is an expensive ordeal, plagued by uncer-
tainty in both the process of discovery and the ultimate effectiveness of 
the final product. When R&D is costly, companies require incentives to in-
novate, whether these incentives take the form of higher profits, subsidies 
for R&D, or some combination of the two. Higher profits come at a cost 
to current patients, health plans, and governments who pay higher prices. 
Higher profits, however, also stimulate innovation and are therefore bene-
ficial to future patients.

This has the key implication that high levels of CE are often in-
consistent with what economists commonly term “economic efficiency,” 
defined by the highest level of access to therapy by both current and future 
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consumers. Figure 4 can be used to illustrate this with a simple, though 
extreme, example of perfect price discrimination. Suppose that a manufac-
turer can charge each patient their willingness to pay for (or benefit from) 
the drug—in this case, the gross benefit to patients remains the same but 
the net benefit or consumer surplus becomes zero. The manufacturer sells 
the drug at a price that exceeds its marginal cost and earns positive prof-
its equal to the area A, the amount previously accruing to patients in the 
form of consumer surplus. The transfer of net benefits from patients to 
the manufacturer results in an observed CE that is minimized—the gross 
benefit to patients now equals the amount paid.

In this extreme example, economic efficiency is attained because 
access is maximized: current patients consume up to the point that the 
benefit equals the cost of production and future patients are ensured that 
firms have the largest incentive to innovate. The benefit to future patients 
of more innovative drugs comes at a cost to current patients who pay 
prices greater than the marginal cost of production. Importantly, this ex-
ample illustrates that CE can be minimized when economic efficiency and 
access are maximized. Moreover, since all those whose benefit exceeds the 
cost of production actually purchase the drug, health is maximized. More 
generally, if companies are able to capture the full social benefit of their 
innovations, the likelihood of future drug discovery is highest. And al-
though current patients may suffer from higher prices, the future sick may 
benefit from the innovative products that result from such profit incen-
tives and that would otherwise not occur. In fact, this is the justification 
for the patent system which implicitly trades off the welfare of current and 
future consumers. Finally, while economists often make less distinction 
between consumers and producers than is seen in policy discussions, this 
distinction becomes less clear when patients themselves hold large stakes 
in companies and therefore benefit from increased profits, either directly 
as employees or indirectly through pension plans, mutual funds, and other 
investments in these very same companies.

International issues in patents and innovation

Perhaps because health care is primarily a local service industry, health 
economists have paid relatively little attention to international trade issues 
including international issues in patent regulations. However, it is well 
understood that medical R&D is driven by world returns, rather than 
returns from a given domestic market. For example, Swedish medical 
product firms innovate to sell worldwide, not just to the Swedish popula-
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tion. Because world returns drive innovation and are central to health 
care spending growth, it follows that a given country’s spending growth is 
driven by health care economies and policies of other countries. As such, 
spending growth in a small European country currently depends on how 
US policies affect world returns, just as future Medicare spending will de-
pend on how emerging markets will affect those returns. However, health 
economists have conducted little explicit analysis on how health care poli-
cies in one country affect or should affect those of another. 

In an attempt to bridge this gap, Egan and Philipson (2014) analyze 
the positive and normative implications of domestic IP and reimburse-
ment policies when they affect global returns to innovation. The paper 
argues that IP and pricing of much of health care by domestic govern-
ments has some unique implications for determining world returns and 
the innovation it implies. In particular, the act of setting IP and reimburse-
ment policies for providers and manufacturers, whether by allowing pri-
vate pricing or through the generosity of public reimbursements, creates a 
public-goods problem in generating world returns to medical innovation. 
Taxation to fund the reimbursements and profits to the health care indus-
try involves a private cost with a worldwide benefit through stimulating 
innovation. It follows directly that if medical innovation benefits all coun-
tries, a given country provides too little IP and under-reimburses provid-
ers and manufacturers as a result of its positive external effect on others. 
Thus, there will be too little medical innovation as it will not be sufficiently 
rewarded by world returns.

A key positive implication of this public-goods problem is that 
profit-provision through reimbursements in a given country is negatively 
correlated with the profit provision of other countries; that is, reimburse-
ments will be so-called “strategic substitutes.” A small European country 
may reimburse less generously because the United States reimburses more 
generously. An emerging economy may protect IP less because other 
countries protect it more. More precisely, the smaller the share of world 
demand and supply a country makes up, the less a government will protect 
IP and mark up prices above cost to promote innovation. Put differently, a 
small country has nothing to gain from protecting IP or raising its reim-
bursements, as it will see the same flow of new innovations regardless of 
what it does. In most markets, bigger buyers get lower prices. However, 
the free riding of providing world returns to innovation implies that these 
smaller European countries will have lower payments and reimbursements 
than the United States, despite the latter being the larger buyer. This may 
be reflected in lower European reimbursements for doctor and hospital 
services that cover innovations such as devices or drugs or for medical 
products directly through reference pricing or cost effectiveness thresh-
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old policies.4 Similarly, emerging markets that do not affect world returns 
much will not have an incentive to protect IP, until they become large 
enough that their own citizens suffer from a cut-back in world returns.

More precisely, consider when the amount of R&D affects the prob-
ability of discovery of a medical innovation according to P(R) where P(.) 
is increasing and concave. If � �

�
�

K

k k1
�  are the world profits aggregated up 

over K countries, then the private R&D of the firm investing in medical in-
novation is that which maximizes expected profits as given by

R argmax P R RR( ) ( )� �� �

This implies that the induced probability of discovery P P R( ) ( ( ))� ��  
is increasing in world profits II.

Through IP protection or reimbursement policy, each country provides 
profits �k  and has its own welfare � �w k� , which is decreasing in profit 
provision given the excess burden of the taxes financing reimbursements 
or due to standard monopoly distortions. Welfare decreases when a country 
must collect additional taxes in order to pay for higher priced drugs. Further, 
the excess burden of taxation would be included as a component of costs. 
The world expected social welfare across all countries is

� � � �
k

K

kP w
�

�
1

� �

Within a given country, providing profits is a private bad that en-
ables the public good of world returns to innovation. The socially efficient 
profit provision of each country therefore satisfies a classic public good 
condition that the private cost of raising reimbursement is equated to the 
value to the world of raising innovative returns

  

This efficient provision of profits differs from the privately optimal 
(Nash equilibrium) provision that only takes into account how the coun-
try’s costly profit provision affects its own welfare

    

Thus, the private innovation benefit to a given country is smaller than 
the social benefit to all countries, so that world returns to medical innovation 
are under-provided by countries when acting in their own interest. 

This public goods problem of providing world returns alters standard 
arguments about the classic effects of market size on innovation, which may 
involve how the growth of BRICS will alter medical innovation. In particu-

4  Jena and Philipson (2008) discusses the implicit price controls that reimbursement 
based on cost effectiveness standards implies.
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lar, the public goods problem may counteract the canonical positive effect 
that a growth of world markets has on innovative returns. To see this in its 
simplest form, consider when there are K homogeneous countries with the 
same domestic profits 

 

�( )K

  

. An increase in the number of countries may 
be interpreted as the rise in “profitable” countries for which demand is above 
variable costs, such as, for example, the growth of world demand through the 
BRICS. The first order condition equating the marginal benefits and costs for 
the privately optimal level of profit provision in this case implies 

 

� � � � � � � �P K w P K w� � � �� � � �

The optimal domestic behavior implies free riding in the sense that 
that domestic profits fall with the number of countries that contribute to 
world profits: 

 

d
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� � � ( )K K  and thus there are 
two effects of a growth in world market size on world returns 
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The first standard positive effect of market size on innovative returns 
is mitigated by the second negative effect induced by increased free riding 
when a larger group of countries provides the public good of medical in-
novation. In the extreme case, when the US or a single country is the only 
champion of medical innovative returns, K=1, world returns are efficient. 
As income growth in the BRICS makes them profitable for the innovation, 
K rises and the overall impact on world returns is a horse race between 
larger world markets and smaller US markups. 

The empirical importance of these arguments stems from the large 
share of world returns occupied by a relatively small set of countries. 
Tables 1 and 2 summarize world health care and pharmaceutical expendi-
tures for the largest countries. The health care expenditure, GDP, and 
population data come from the World Bank DataBank. Pharmaceutical 
expenditure data for OECD and BRICS countries is compiled from the 
OECD iLibrary and the National Health Accounts database at the World 
Health Organization5 (WHO) respectively.6 GDP and expenditure data for 
all of the countries are measured in constant US dollars (base year = 2000).

5  I would like to thank Richard Liang at the WHO for giving me the BRICS 
pharmaceutical expenditure time series data.
6  Note that I use the National Health Accounts and OECD data to compute pharmaceutical 
expenditure shares rather than the more commonly quoted IMS data. The IMS pharma- 
ceutical data consists of “manufacturers sales to wholesalers and hospitals as well as retail 
sales of prescription medicine” (World Health Organization, 2004). The NHA and OECD 
data uses a broader definition of health care expenditures than IMS; for example IMS data 
does not include over-the-counter medicine sales. Consequently, the NHA data indicates 
higher pharmaceutical expenditure shares in developing countries than the IMS data.
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Even though health economists often debate numbers such as the 
share of a country’s GDP spent on health care, or total spending given per 
capita by income levels, what matters more for innovation incentives are 
aggregate world market shares, that is, what fraction of world returns a 
given country accounts for. Our data indicates that currently the United 
States remains the champion of both overall health care and pharmaceut-
ical expenditures, accounting for about 50% of the world market share 
for health care and close to 40% of world pharmaceutical share. However, 
despite recent slowdowns, the projected surge in health care expenditures 
in BRICS and other countries may diminish this concentration in spending 
in the global health care economy. 

Although health care spending in the US and other developed 
countries dominates the current level of spending in the BRICS countries, 
over the period 1995–2010, BRICS overall health care expenditures grew 
at twice the rate of the world health care expenditures. In terms of its 
share of total world health expenditures, growth in the BRICS countries 
has come not at the expense of the US, but at the expense of the other 
large countries (i.e., Japan, France, and Germany). As the BRICS country 
with both the largest overall health care sector and pharmaceutical sec-
tor, China is the driving force behind BRICS health care growth rates and 
spending levels. Despite similar population sizes, China spends four times 
as much on health care as India, and China’s spending growth outpaced 
India’s by 4.60%.7

Comparing Table 1 to Table 2 suggests that emerging economies de-
vote a higher portion of total health expenditures to pharmaceuticals than 
do developed countries. BRICS health care spending is concentrated in 
pharmaceuticals with over 40% of total health expenditures spent on drugs 
in India and China compared to 12% in the US. As a result, the BRICS 
countries account for less than 8% of total world health expenditures but 
more than 15% of total world pharmaceutical expenditures. Thus, due to 
the relative size of their pharmaceutical markets, the BRICS countries may 
play a larger role in spurring the innovation of pharmaceuticals versus 
non-pharmaceutical medical products and the physician and hospital 
services tied to those products. However, the non-pharmaceutical related 
health care market in the BRICS countries is growing faster relative to the 
size of their pharmaceutical markets. 

Despite recent slowdowns, future growth in world demand from the 
emerging markets of the BRICS will lower world concentration of aggre-
gate demand and supply by making the United States less dominant. The 
arguments above predict that this will lead to lower US reimbursements 

7  Over the period 2005 through 2006, health care expenditures grew at an average 
annual rate of 12.88% and 8.28% in China and India respectively.
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Table 1: World Health Care Expenditures 

Population 
(millions)

GDP Per 
Capita*

Income  
Share Spent 

on Health 
Care

Total Amt. 
Spent on 

Health Care* 
($ billions)

Expenditure 
Share (% 

World Exp.)

World 
Rank  

(Expendi-
ture  

Share)

Country  2010   1995  2010  1995  2010 1995  2010  1995  2010   1995  2010  1995

United 
States

309 266 37,330 30,051 17.9% 13.6% 2,066 1,085 48.0% 45.0% 1 1

Japan 127 125 39,972 36,177 9.5% 6.9% 483 312 11.2% 13.0% 2 2

Germany 82 82 25,306 21,061 11.6% 10.1% 241 174 5.6% 7.2% 3 3

France 65 60 22,758 19,478 11.9% 10.4% 176 120 4.1% 5.0% 4 4

United 
Kingdom

62 58 28,034 20,724 9.6% 6.8% 168 82 3.9% 3.4% 5 5

China 1,338 1,205 2,426 658 5.1% 3.5% 165 28 3.8% 1.2% 6 10

Italy 60 57 18,943 17,671 9.5% 7.3% 109 73 2.5% 3.0% 7 6

Canada 34 29 25,575 20,170 11.3% 9.0% 99 54 2.3% 2.2% 8 7

Brazil 195 162 4,717 3,606 9.0% 6.7% 83 39 1.9% 1.6% 9 8

Spain 46 39 15,458 12,049 9.5% 7.4% 68 35 1.6% 1.5% 10 9

Korea, Rep. 49 45 16,219 9,548 6.9% 3.9% 56 17 1.3% 0.7% 11 17

Netherlands 17 15 26,553 20,429 11.9% 8.3% 53 26 1.2% 1.1% 12 11

Australia 22 18 25,249 18,627 8.7% 7.2% 49 24 1.1% 1.0% 13 12

Mexico 113 92 6,105 4,832 6.3% 5.1% 44 23 1.0% 1.0% 14 13

India 1,225 964 795 367 4.1% 4.3% 39 15 0.9% 0.6% 15 20

Russia 142 148 2,927 1,618 5.1% 5.3% 21 13 0.5% 0.5% 22 22

South Africa 50 39 3,753 2,960 8.9% 7.5% 17 9 0.4% 0.4% 27 25

World 6,894 5,715 6,006 4,788 10.4% 8.8% 4,301 2,410 100.0% 100.0%

Notes: 
*Measured in 2000 constant US Dollars.  
GDP and population data come from the World Bank DataBank. Pharmaceutical expenditure data for OECD 
and BRICS countries is compiled from the OECD iLibrary and WHO National Health Accounts respectively. 
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Table 2: World Pharmaceutical Expenditures

Population 
(millions)

GDP Per 
Capita*

Income 
Share 

Spent on 
Health 
Care

Share of 
Health Care 
Exp. Spent 
on Pharm.

Total Amt. 
Spent on 
Pharm.* 
(billions)

Expenditure 
Share** (% 

World Exp.)

Country 2008 1995 2008 1995 2008 1995 2008 1995 2008 1995 2008 1995

United States 304 266 38,209 30,051 16.5% 13.6% 12.1% 8.4% 232 91 38.6% 30.1%

Japan 128 125 40,433 36,177 8.5% 6.9% 19.4% 22.2% 85 69 14.2% 22.9%

China 1,325 1,205 2,033 658 4.6% 3.5% 42.7% 54.2% 53 15 8.9% 5.0%

Germany 82 82 25,620 21,061 10.7% 10.1% 15.0% 12.8% 34 22 5.6% 7.3%

France 64 60 23,366 19,478 11.2% 10.4% 16.4% 15.0% 28 18 4.6% 6.0%

Italy 60 57 19,903 17,671 9.0% 7.3% 18.1% 20.7% 19 15 3.2% 5.0%

United  
Kingdom

61 58 29,107 20,724 8.9% 6.8% 11.8% 15.3% 19 13 3.1% 4.2%

Brazil 192 162 4,479 3,606 8.3% 6.7% 24.6% 16.7% 17 6 2.9% 2.1%

Canada 33 29 26,102 20,170 10.3% 9.0% 17.0% 13.9% 15 7 2.5% 2.5%

India 1,191 964 689 367 4.0% 4.3% 44.2% 55.4% 15 8 2.4% 2.8%

Spain 46 39 16,251 12,049 9.0% 7.4% 18.7% 19.2% 12 7 2.1% 2.2%

Mexico 111 92 6,327 4,832 5.9% 5.1% 28.3% #N/A 12 0 1.9% 0.0%

Korea, Rep. 49 45 15,350 9,548 6.5% 3.9% 23.2% 23.6% 11 4 1.9% 1.3%

Australia 21 18 25,246 18,627 8.7% 7.2% 14.6% 12.2% 7 3 1.2% 1.0%

Belgium 11 10 25,100 19,940 10.0% 8.5% 16.4% 18.1% 4 3 0.7% 1.0%

South Africa 49 39 3,796 2,960 8.6% 7.5% 25.1% 28.3% 4 2 0.7% 0.8%

Russia 142 148 3,044 1,618 4.8% 5.3% 18.8% 18.9% 4 2 0.7% 0.8%

World 6,737 5,715 6,026 4,788 9.8% 8.8% #N/A #N/A 601 302 100.0% 100.0%

Notes:  
*Measured in 2000 constant US Dollars.  
**World totals calculated using all available data which is limited to BRICS and OECD countries. 
GDP and population data come from the World Bank DataBank.  
Pharmaceutical expenditure data for OECD and BRICS countries is compiled from the OECD iLibrary and 
WHO National Health Accounts respectively. 
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when it loses its dominant role in world returns. In general, growth in 
world markets may have two offsetting effects on innovation: the standard 
positive effect from an increase in world market size, and the offsetting 
negative effect due to increased free riding when world concentration in 
health care falls. 

A back-of-the-envelope calculation illustrates that the markup re-
ductions in the United States and other countries do not have to be large 
to offset predicted growth rates in demand from the BRICS. Currently, the 
BRICS contribute approximately 7% to world spending in health care. If 
by current industry estimates, such as that of IMS Health,8 their spending 
grows by 20% in the next three years, they would still make up only about 
8.28% of world spending. This implies that a decrease in markups of only 
1.5% in non-BRICS countries would be enough to offset this 20% growth 
from BRICS. The small reduction in markups needed to offset the sub-
stantial spending growth from the BRICS is due to the substantial con-
centration in world health care spending. Our estimates of the size of the 
strategic substitutability in reimbursements suggest that under reasonable 
conditions, when world concentration of health care supply and demand 
falls, the growth in BRICS market size may lower medical innovation 
returns as a result of declines in reimbursements in the United States and 
other rich countries. 

The overall point of considering international linkages is that they 
greatly alter positive and normative analyses of domestic IP and reim-
bursement policies. On a positive level, these linkages seem to be im-
portant for explaining differences in European and US reimbursement 
policies—and hence spending differences—and to explain the lack of IP 
protection in emerging economies with small world market shares. On a 
normative level, they are important for evaluating the effects and desirabil-
ity of domestic health care reforms aimed at curbing domestic spending 
growth resulting from world returns. 

Conclusion

This chapter discusses recent research on the unique aspects of patents as 
they relate to innovation for medical products. We argue that the pres-
ence of substantial marketing affects the trade-offs of patents, that com-
mon forms of central pricing of these products do not have their intended 
effects when patent monopolists act in their own interest, and that inter-
national aspects of central pricing of health care greatly alters the effects 

8  This is the suggested growth rate in industry publications, see e.g. IMS Institute’s 
The Global Use of Medicines Outlook through 2016.
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and evaluation of domestic intellectual property policies. Overall, we 
argue that these unique issues with medical products have an impact on 
how effective patents are in promoting medical innovation and how the 
desirability of specific intellectual property policies should be evaluated.
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