PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Caetano R, Cordeiro Dias Villela Correa M,
Villardi P, Aimeida Rodrigues PH, Garcia Serpa
Osorio-de-Castro C (2021) Dynamics of patents,
orphan drug designation, licensing, and revenues
from drugs for rare diseases: The market
expansion of eculizumab. PLoS ONE 16(3):
€0247853. https://doi.org/10.1371/journal.
pone.0247853

Editor: J E. Trinidad Segovia, University of Almeria,
SPAIN

Received: July 8, 2020
Accepted: February 15, 2021
Published: March 5, 2021

Copyright: © 2021 Caetano et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: CGSOC obtained a grant from the
Brazilian National Council for Scientific and
Technological Development (CNPq), #304975/
2016-8, website http://cnpq.br/, which funded the
manuscript translation. The authors RC, MCDVC,
PV and PHAR received no specific funding for this

RESEARCH ARTICLE

Dynamics of patents, orphan drug
designation, licensing, and revenues from
drugs for rare diseases: The market
expansion of eculizumab

Rosangela Caetano ' *, Marilena Cordeiro Dias Villela Correa®®, Pedro Villardi2®, Paulo
Henrique Almeida Rodrigues'®, Claudia Garcia Serpa Osorio-de-Castro®

1 Departamento de Politica, Planejamento e Administragdo em Saulde, Instituto de Medicina Social,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil, 2 Departamento de Politicas e Instituicdes
de Saude, Instituto de Medicina Social, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil,

3 Departamento de Politica de Medicamentos e Assisténcia Farmacéutica, Escola Nacional de Satude
Publica Sergio Arouca, Fundagdo Oswaldo Cruz, Rio de Janeiro, Brazil

® These authors contributed equally to this work.
* caetano.r@gmail.com

Abstract

Background

This study examines the dynamics of the eculizumab patenting, orphan designation, and
marketing authorization process in different countries and regulatory systems and analyzes
drug revenues since its first marketing authorization.

Methods

A retrospective case study was conducted. Multiple information sources were used to:
determine the status of eculizumab patents; examine the designation of orphan drug status
by US, European, Japanese, and Brazilian regulatory authorities to determine registration
status and approved clinical indications; estimate the prevalence of associated clinical con-
ditions; investigate the history of the drug manufacturer, Alexion Pharmaceuticals, Inc., and
its financialized business model; and examine global eculizumab sales revenues since its
first marketing authorization.

Results

Our search yielded 32 patent families divided into 98 applications. The first patent granted
was filed in 1995 by Alexion Pharmaceuticals, Inc. in the US. Eculizumab has always been
as an orphan drug, except in the Brazilian regulatory agency. All clinical indications
approved thus far refer to rare diseases (e.g., paroxysmal nocturnal hemoglobinuria syn-
drome, atypical hemolytic-uremic syndrome, refractory and generalized myasthenia gravis,
and neuromyelitis optica spectrum disorder). Alexion’s revenues amounted to more than US
$25 billion between 2007 and 2019, showing a growing trend. Eculizumab led sales from the
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beginning, being the only product in the company’s portfolio until 2015. In 2019, the drug
accounted for 79.1% of all revenues.

Discussion

Our findings show that a strategy focused on obtaining orphan drug designation, expanding
therapeutic indications and the geographic range of marketing approvals, extending monop-
oly periods, and prioritizing public procurement niches has enhanced revenues and helped
the company achieve leadership in a highly specific and profitable market.

Introduction

This case study focuses on eculizumab and the regulatory and financial aspects of the drug’s
development trajectory. Eculizumab is a drug approved to treat rare diseases, and many
aspects related to its patenting, marketing authorization, therapeutic indications, and pricing
render the study of this medicine relevant as an exemplary case concerning orphan drugs. The
clinical indications for eculizumab have progressively expanded over time and share a com-
mon characteristic-rare diseases. Since its first patent in the US the number of patent applica-
tions filed in intellectual property offices in other countries has multiplied. Eculizumab has
been described as the most expensive drug in the world, with an estimated cost of US$ 410,000
per patient/year in the US in 2010 [1]. The development of the molecule and drug marketing
strategy were guided by a financialized business model [2-4] adopted by the patent owner,
Alexion Pharmaceuticals, Inc, in 1992.

Although rare diseases are usually associated with relatively low incidence and prevalence,
definitions vary by country or region [5, 6]. In the European Union (EU), a disease is consid-
ered rare when it affects no more than 5 in 10,000 people, while in the US the term rare disease
means any disease or condition that affects less than 200,000 people (or 7.5 in 10,000 people).
Diseases with an even lower prevalence (less than 10 cases per million) are termed ultra-rare
diseases [7].

Rare diseases may be considered unimportant from an epidemiological perspective. How-
ever, when the individual prevalence rates of all rare conditions (there are between 5,000 and
8,000 rare diseases) are added together, the number of patients living with these diseases is sig-
nificant. Experts estimate that the sum of the prevalence of all rare diseases is approximately 5
to 8%, meaning that over 400 million people worldwide are affected by these conditions [8].

Drugs developed to treat rare diseases are called “orphan drugs” [9]. Owing to the low fre-
quency of these diseases, sponsors are generally reluctant to develop these medicinal products
under usual patenting, marketing authorization, and commercialization conditions. The
underlying assumption is that these drugs provide low economic return on the investment in
research and development (R&D) made by the pharmaceutical company/patent holder.

Several jurisdictions (e.g., the US, EU, Japan) have developed specific policies and legisla-
tion to encourage the development of orphan drugs [10]. Table 1 provides further information
on orphan drug definitions, additional criteria for assignment of orphan status, exclusivity and
registration, and economic incentives for the development of orphan drugs in these
jurisdictions.

Orphan medicinal product designation precedes regulatory approval. Pharmaceutical com-
panies developing health technologies for rare diseases request designation because this status
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Table 1. Selected aspects related to rare diseases and orphan drugs according to jurisdiction.

Selected aspects | US EU Japan Brazil

Specific orphan Yes Yes Yes Yes

drug designation

Definition of rare | <200,000 patients’ <5 in 10,000 individuals* <50,000 patients* <65 patients/100,000 individuals®
disease based on

patient

populations

Additional i) Disease or condition that affects | (i) Drug intended for life- (i) High probability of Drugs intended for the treatment,

definition criteria

>200,000 people for which there
is non 't any reasonable
expectation that the US
development and distribution
costs are will be recovered by from
sales

(ii) Vaccines, diagnostics or
specific drugs for the prevention
of a rare disease or condition"

threatening, seriously debilitating
or serious and chronic conditions
that without incentives it is unlikely
that the marketing of the product
would generate sufficient return to
justify the necessary investment

(ii) Drug intended for the
diagnosis, prevention, or treatment
of a rare disease in the absence of
other methods of diagnosis,
prevention, or treatment, or if the
drug is safer, more effective, or
clinically superior*

development, supported by
theoretical justification and
realistic development schedule
(interest of the company in
developing the hypothetical
orphan drug)

(ii) No alternative drugs or
treatments for the diseases, or need
for greater effectiveness and/or
safety*

diagnosis or prevention of rare
diseases used for serious
debilitating conditions and that
significantly alter the clinical
evolution of the disease or enable
remission®

Orphan drug 7-year market exclusivity from 10-year market exclusivity from 10-year registration validity period | No exclusivity
exclusivity date of approval date of approval and 10-year exclusivity period for
collected data
Economic (i) 50% tax credit on R&D costs; (i) Reduced fees for EMA protocol | (i) Up to 50% of orphan drug No incentives
Incentives R&D grants for Phase I to Phase | assistance. development costs subsidized™.
(reduced R&D III clinical trials. (ii) Reduced fees for administrative | (ii) PMDA charges reduced user
costs, tax credits, (ii) User fee waivers (for and procedural assistance for small | fees for guidance and
and fees) companies with an annual revenue | and medium-sized enterprises. consultations.
of < $50 million) (iii) Does not offer research grantse. (iii) 12% of study expenses (not
including grant subsidies) can be
reported as a tax credit.
Alternative Fast-track, accelerated approval Conditional approval, adaptive Accelerated review procedure for | ANVISA expedited procedure
procedures for and breakthrough therapy pathways new drug approval applications with regulatory flexibilities (proof
orphan drug of safety and efficacy) and
registration conditional approval®

Sources: Adapted from Minghetti, Giudici and Montanari [11], and EvaluatePharma [12].

US, United States of America; EU, European Union; R&D, Research and development; EMA, European Medicines Agency; PMDA, Japanese Pharmaceuticals and

Medical Devices Agency; ANVISA, Brazilian Health Surveillance Agency.
" Orphan Drug Act 1983 [13]
* European Community Regulation No. 141/2000 [14]

® The EMA does not offer research grants but funding is available from the European Commission and other sources (Horizon 2020 and E-Rare, for example)
¥ Orphan Drug Act 1993 [15, 16]
“Up to 50% of orphan product development costs may be subsidized in Japan through the National Institute of Biomedical Innovation
$ ANVISA RDC No. 205/2017 [17].

https://doi.org/10.1371/journal.pone.0247853.t001

makes them eligible for incentives and benefits to develop and commercialize these products

[18].

Eculizumab is a humanized monoclonal antibody that binds with high affinity and specific-
ity to the terminal complement protein C5, consequently blocking the inflammatory response
and impacting the body s ability to attack and destroy blood and kidney cells [19]. The first
studies on this drug were conducted by Leonard Bell, professor in the Department of Pathol-
ogy and co-Director of the Vascular Biology Program at the Yale School of Medicine [20], and
Steven Squinto, professor of biochemistry and molecular biology at Louisiana State University
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Medical Center [21]. The development of eculizumab was completed by Alexion Pharmaceuti-
cals, Inc, co-founded by Bell and Squinto, who remained with the company until 2015. Since
its development, eculizumab has obtained orphan designation for different indications in vari-
ous jurisdictions.

Complement-specific therapy has opened up a huge novel drug market. Because the range
of complement-related therapy is so broad, potential indications for complement inhibition
identified by use of off-label indications of drugs already on the market are expanding [22-24].
Other promising indications are also undergoing testing and new indications are in the pipe-
line. However, eculizumab has been the primary revenue generator among the drugs of its
class in the past ten years [25].

Orphan drugs are typically sold at relatively high prices [26]. However, how pharmaceutical
companies set these prices remains a mystery. Substantial revenues obtained by manufacturers
have been mentioned elsewhere in the orphan drug literature [25, 27]. Regarding eculizumab,
a 2016 report estimated that total annual expenditure for a typical patient with paroxysmal
nocturnal hemoglobinuria based on estimates of annual utilization calculated using the stan-
dard FDA-approved dosing ranged from US$432,240 to US$542,640 per patient [28].

This paper highlights specific issues discussed in the literature, bringing together compre-
hensive information on eculizumab and clearly charting the company’s success in disseminat-
ing uses to boost revenue. This study examines the dynamics of the eculizumab patenting,
orphan designation and marketing authorization process in different jurisdictions and analy-
ses eculizumab sales revenues since its first marketing authorization.

Method

We conducted a retrospective single-case study. Case studies are useful for describing complex
social issues. They enable the researcher to explore real-life events, making it easier to under-
stand the dynamics of specific contexts and allowing for an in-depth description of the events
or phenomena in question [29].

Multiple information sources were used to perform the following steps: (i) a search for ecu-
lizumab patents and their status at several international patent offices, (ii) an assessment of the
orphan drug designation process in the main international regulatory authorities, (iii) an
assessment of marketing authorization status and clinical indications approved by these agen-
cies, (iv) estimation of the prevalence of associated clinical conditions, (v) brief description of
the history of Alexion Pharmaceuticals, Inc. and its business model, and (vi) analysis of the
company’s global eculizumab sales revenues since its first marketing authorization.

An initial search for eculizumab patent applications was carried out between December
2019 and January 2020 using the Integrity Database [30], which lists applications according to
international nonproprietary names (INN). The name of the active substance (i.e., eculizumab)
was used in the search. The search results were the WO (short for WIPO) patent application
numbers assigned by the World Intellectual Property Organization (WIPO) after the filing of
an international patent application under the Patent Cooperation Treaty (PCT). This treaty
allows the applicant to file simultaneous patent applications in the cosignatory countries. We
then conducted a search for patent families, which are collections of all patent applications
covering the same invention. Some patent families were related to applications originally filed
in the US.

The patents corresponding to the WO application numbers were then obtained from the
databases of the following international patent offices: the United States Patent and Trademark
Office (US) [31], the European Patent Office (Espacenet) [32], the Japan Patent Office (Japan)
[33], and Brazil’s National Institute of Industrial Property [34]. Google Patents [35], which
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indexes patents and patent applications in several patent offices, including WIPO and the
European, Japanese, Chinese, and Canadian offices, was also used, allowing for cross-checking
of data to improve accuracy.

The study was restricted to patents filed by Alexion Pharmaceuticals, Inc., the patent holder
and manufacturer of eculizumab. All duplicate patents were excluded. We recorded the filing
dates and patent/patent application status. The latter was classified as active, pending, or aban-
doned, based on the information found on each database.

Orphan drug status was verified at the US Food and Drug Administration (FDA) [36], the
European Medicines Agency (EMA) [37], the Japanese Pharmaceuticals and Medical Devices
Agency (PMDA) [38], and the Brazilian National Health Surveillance Agency (ANVISA—
Agéncia Nacional de Vigildncia Sanitdria), based on each recorded clinical indication.

A search for marketing authorization dates and approved clinical indications for eculizu-
mab was conducted on the US [39], European [40], Japanese [41], and Brazilian [42] agencies’
websites using the drug name as the keyword.

The market potential of the drug is related to the prevalence of the rare diseases for
which eculizumab has an approved clinical indication. Data on prevalence per 100,000
population was obtained from the websites of two rare disease initiatives: (i) Orphanet, a
network established in France in 1997 and subsequently expanded by grants from the
European Commission to a consortium of 40 countries in Europe and worldwide [43]; (ii)
the National Organization for Rare Diseases, that articulates advocacy organizations for
patients with rare diseases, connects doctors and patients, funds treatments and consulta-
tions, and engages in advocacy with US policymakers [44]. We opted to use different
sources of information for two reasons: first, the prevalence of certain rare diseases is not
well known; second, disease prevalence varies across regions and large discrepancies exist
between the sources.

Data on Alexion Pharmaceuticals, Inc. were obtained from the company’s website [45],
NASDAQ website [46] and available literature on business models [47, 48] and the financiali-
zation of the US pharmaceutical industry [3, 4], focusing on pharmaceutical companies that
develop biologic agents [49]. Data on total revenue and revenue by pharmaceutical product
were taken from the company’s annual financial reports (from 2007, the year that eculizumab
was first launched, to 2019) obtained from its website in two tabs: “News & Media” [50] and
“Financials” [51]. Values were extracted in millions of US dollars and the revenue attributed to
eculizumab was calculated relative to total annual revenue. In addition, product market expan-
sion was analyzed by comparing eculizumab sales revenue with the annual number of clinical
indications approved by international regulatory agencies.

Data on eculizumab procurement by federal government bodies in Brazil between January
2007 and December 2019 were extracted from the records of the Integrated General Services
Administration System (Sisterma Integrado de Administragdo de Servigos Gerais-SIASG).
SIASG contains detailed information on all items purchased by the federal government,
including supplies and services [52]. We obtained data on the number of purchases, quantities
purchased, and annual purchase values. All values were converted to US dollars using the
annual average exchange rate (Brazilian real [BRL] per US dollar [US$]) published by the Cen-
tral Bank of Brazil obtained from the Institute for Applied Economic Research (Instituto de
Pesquisa Econdmica Aplicada) [53].

Finally, eculizumab sales revenues worldwide and in Brazil were examined to highlight the
importance of the Brazilian market to overall eculizumab sales revenues.

Only publicly available data were used in this study.
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Results

Eculizumab’s patent profile included a total of 32 patent families divided into 98 applications.
The first patent granted was filed in the US in 1995, with Alexion Pharmaceuticals, Inc. as the
depositor and patent holder.

The US has 17 active patents from 1995 to 2034. The EU has eight active patents, which
guarantee exclusivity from 2003 to 2035. Japan has 16 active patents from 2005 to 2037 (Fig 1).

In the case of pending patents—applications still under examination at the respective patent
office for various reasons (e.g., requirements, litigation, and examination delays)—monopoly
periods may be extended if the patent is subsequently granted. The monopoly period for sub-
sequently granted patents may be extended to 2039 in the US (14 pending patents), 2038 in the
EU (7 pending patents), and 2029 in Japan (8 pending patents). This means that Alexion’s
monopoly on eculizumab will be extended for up to 44 years if all pending patents are subse-
quently granted (Fig 1).

In Brazil, the first patent application was filed in May 1995 and granted in August 2010
(expiration date May 2015). Six other patent applications were found in Brazil, filed between
2006 and 2018. None had been granted by the date of completion of this study. Three of these
applications fall within the sole paragraph of Article 40 of Brazil’s Industrial Property Law
(IPL). The law provides that a patent shall be valid for at least 10 years from the grant date
[54], regardless of the application filing date, meaning that eculizumab could have monopoly
status in Brazil for 32 years.

As of January 2020, eculizumab was registered for four clinical indications: paroxysmal
nocturnal hemoglobinuria (PNH), atypical hemolytic-uremic syndrome (aHUS), generalized
myasthenia gravis (gMG), and neuromyelitis optica spectrum disorder (NMOSD) (Fig 2).

Approved by the FDA and EMA in 2007 with only a three-month interval between approv-
als, PNH was the first clinical indication for eculizumab. Since then, the number of clinical
indications approved by these and other regulatory agencies worldwide has expanded. Eculizu-
mab was approved in the US and EU for the treatment of NMOSD only in mid-2019, and is
still under evaluation by Japan’s PMDA. It is worth highlighting the long period of time (ten

Fig 1. Active and pending eculizumab patents deposited at patent and trademark offices in the United States,
European Union, Japan, and Brazil up to 2019. Note: Fig 1 provides an overall view of the duration of protection
granted to each active patent in each jurisdiction (illustrated by darker horizontal lines) and the estimated duration of
pending patents (illustrated by lighter horizontal lines). The patent numbers are displayed in the right column and the
duration of protection (in year) is shown at the top.

https://doi.org/10.1371/journal.pone.0247853.g001
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007 i 201

{2003 @@ 201

EMA
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Year of Orphan Drug Designation in Regulatory Agency Year of Market Approval in Regulatory Agency

Fig 2. Timeline of eculizumab orphan drug designation and marketing authorization in international regulatory agencies
according to year and indication, 2007-2019. Paroxysmal Nocturnal Hemoglobinuria (PNH), Atypical Hemolytic Uremic Syndrome
(aHUS), Generalized Myasthenia Gravis (gMG), Neuromyelitis Optica Spectrum Disorder NMOSD), FDA-Food and Drug
Administration; EMA-European Medicines Agency; PMDA—Pharmaceutical and Medical Devices Agency; ANVISA-Brazilian Health
Surveillance Agency.

https://doi.org/10.1371/journal.pone.0247853.9002

years) between the granting of the first marketing authorization for eculizumab by interna-
tional agencies (2007) and the granting of authorization by the Brazilian agency ANVISA
(2017). The latter is restricted to the two oldest clinical indications, PNH and aHUS (Fig 2).

Brazil had no specific regulations for the licensing of drugs for rare diseases when eculizu-
mab was undergoing the marketing authorization process. In the other agencies that were
studied, the drug was always examined considering the orphan designation and prerogatives.
The interval between designation as an orphan drug and the granting of marketing authoriza-
tion ranged from two to six years and was slightly shorter in the PMDA than in the other agen-
cies (Fig 2).

All approved clinical indications for eculizumab to date are diseases classified as rare and,
in the case of aHUS, ultra-rare, according to the prevalence estimates shown in Table 2.

Alexion’s global revenue has steadily increased since 2007, reaching US$4.99 billion in
2019, with eculizumab sales alone accounting for US$3.94 billion (79.1%) of this amount. Ecu-
lizumab was responsible for all the company’s sales revenue until 2014. The proportion of its

Table 2. Prevalence of approved indications for eculizumab (per 100,000).

Disease Orphanet National Organization for Rare Diseases

Paroxysmal Nocturnal Hemoglobinuria 1-9/100,000 0.05-0.15/100,000

Atypical Hemolytic Uremic Syndrome 0.1-0.9/ 0.011/100,000 (Europe, age 0-18 yrs) -0.2/100,000
100,000 Us)

Generalized Myasthenia Gravis 1-9/100,000 14-40/100,000 (US)

Neuromyelitis Optica Spectrum 1-9/100,000 1-10/100,000

Disorders

US—United States.
Sources: Orphanet— https://www.orpha.net/consor/cgi-bin/Disease_Search.php?Ing=PT; National Organization for

Rare Diseases— https://rarediseases.org/for-patients-and-families/information-resources/rare-disease-information/.

https://doi.org/10.1371/journal.pone.0247853.t1002
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Fig 3. Eculizumab and total revenues of Alexion Pharmaceuticals, Inc. (million US$), 2007-2019.
https://doi.org/10.1371/journal.pone.0247853.g003

share in Alexion’s revenue started to decline as of 2015, as the company expanded its pharma-
ceutical product portfolio (Fig 3 and S1 Table).

The increase in the number of approved clinical indications across different countries influ-
enced eculizumab’s global revenue share, with the results showing a direct relationship
between these two factors (Fig 4).

Alexion does not publish data on eculizumab sales broken down into number of dosage
forms or revenues in different jurisdictions. In Brazil, where due to its remarkably high price
the procurement of eculizumab is totally restricted to the public sector, total expenditure on
the drug between 2007 and 2019 was US$8,563,184,381.05. These numbers show the important
contribution of the Brazilian market to company revenues, representing 76.7% of Alexion’s
global revenue in 2016. The share of the company’s global revenue attributable to the Brazilian
market only began to drop in 2017, when the drug was granted marketing authorization in the
country (Fig 5 and S2 Table).

Discussion

One of the aims of a business strategy is to secure the extension of patent monopoly. Patent
protection, active from the filing date of a patent application, confers exclusive rights over the
industrial and commercial utilization of the technology.

4500 14
4000
3500
3000
2500
2000

1500

Eculizumab worldwide sales revenues

1000

500

Total number of indications approved by international regulatory agencies
per year

0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

——Revenues (milion USD) ~ ——Total Number of Approved Indications

Fig 4. Eculizumab revenues (in million US$) and total number of indications approved by international
regulatory agencies, 2007-2019.

https://doi.org/10.1371/journal.pone.0247853.9004
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Fig 5. Total eculizumab sales revenue in Brazil and worldwide (in millions of US$). Alexion Pharmaceuticals, Inc.,
2007-2019.

https://doi.org/10.1371/journal.pone.0247853.9005

Eculizumab’s patent profile and patent status show the extent and duration of the monop-
oly. The patent data show that the company adopted an aggressive marketing strategy. The
results of the patent status search show that the company will have an average of 38 years of
marketing exclusivity if all the remaining pending patent applications are approved.

Companies generally adopt two key strategies for extending patents. One is to claim a sec-
ond (or subsequent) medical use or indication for a known, previously patented chemical
compound [55]. The other refers either to small structural modifications to the original mole-
cule or combinations of active or non-active ingredients in a novel pharmaceutical entity. This
second strategy is also referred to as “evergreening”, and expands the duration of a monopoly,
without improving the drug itself [56]. Both strategies prolong patents and are pursued for
commercial ends, impacting generic competition and access to drugs.

The practice of filing several patent applications is common in the pharmaceutical industry
and can lead to significant delays in generic availability. Eculizumab’s monopoly periods
extend far beyond the 20 years established in the current intellectual property regime—the
period within which companies seeks to recover their R&D investments.

Eculizumab is a potential target for the development of biosimilars. As patents on biological
medicines expire, non-innovator versions such as biosimilars may enter the market. Due to
the threat of litigation between competitors and to secure market exclusivity, companies
employ various patenting strategies to extend the patent period and impede new market
entries, including second medical use patents. However, second medical use patents are not
granted in all jurisdictions. They are permitted in the US and have acquired permission over
time in the EU, while in Japan second medical use is patentable material [55, 57]. In Brazil, as a
rule, patents for a second medical use are not granted because they are not seen to involve
innovation. However, other intellectual property protection mechanisms can also be
employed, such as copyright, design rights, trademarks, and trade secrets, creating uncertainty
on the launch date of a biosimilar on the market [57].The eculizumab patent expires in 2021 in
the US, and soon after in the EU (Fig 1), and at least one biosimilar is currently in develop-
ment. Amgen has been developing ABP 959 for some time [58], and a phase 3 clinical trial for
paroxysmal nocturnal hemoglobinuria is currently underway (ClinicalTrials.gov Identifier:
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NCT03818607), with an estimated completion date of March 2022. In 2020, Amgen settled a
dispute with Alexion over its Soliris biosimilar and is set to market the product in 2025 [59].

In Brazil, the fifteen-year delay between the first patent application and granting the patent
prompted Alexion to file a suit to extend the term of patent protection to 20 years from 2010,
which was subsequently rejected by the Brazilian courts [60]. The only active eculizumab pat-
ent expired in 2015 and only pending patents remain (Fig 1).

Given the large percentage of orphan diseases with unmet needs, one must question
whether the current monopoly-based innovation system is the best way to meet the health
needs of people affected by these diseases. Other factors may also influence the emergence of
biosimilars, such as the complexity of the manufacturing process, differing national regulatory
processes, difficulties associated with switching and substitution of biosimilars, local price
mechanisms, and volume of expected global sales [61].

Marketing authorization processes in the regulatory agencies allude to a strategy that
expands, clinically and geographically, the possibilities of financial gain for the company. In
clinical terms, eculizumab was initially registered for a niche indication, with a subgroup of
explicitly identified patients. Gradually, new indications involving complement inactivation
were added [22-24]. This strategy also expands the market area, with the granting of market-
ing authorizations in the various international agencies. The strategy is not exclusive to Alex-
ion; several pharmaceutical companies are focusing their efforts on extending the clinical
indications for currently available drugs [62].

In most of the regulatory agencies and for all approved indications, marketing authoriza-
tion requests were filed after eculizumab had received orphan drug designation. In Brazil,
however, the law that regulates the licensing of drugs for rare diseases was published only after
marketing authorization was granted [63], meaning that the patent holder was unable to
request orphan designation.

As shown in Table 1, orphan drug designation provides various benefits to the patent
holder, including regulatory and economic incentives. These incentives may be warranted by
the rarity of these conditions, making it more difficult for companies to recoup initial R&D
costs and discouraging investment.

Incentives vary across jurisdictions and may include periods of marketing exclusivity that
differ, distinct from the patent monopoly afforded by the patent [10, 64]. This means that dur-
ing the exclusivity period regulatory agencies cannot approve generic drugs or other products
for the same rare disease; however, this status does not prevent the drug from being approved
for a different disease [10, 65].

Some authors consider that this benefit creates negative incentives for the development and
marketing of other drugs for the same indication, establishing a market monopoly that allows
pharmaceutical companies to charge “exorbitant prices” for orphan drugs [66]. However,
there is no consensus on this issue. An in-depth evaluation of the impact of the American
Orphan Drug Act from 1985 to 2017 showed that there is little relation between market incen-
tives and drug approvals [67]. Factors such as market size, type of disease, clinical evidence,
and the age of onset of symptoms are predictors for the development of other orphan drugs
for the same rare indication [68]. In addition, generic manufacturers may believe that orphan
drugs fail to provide a large enough return on investment, resulting in a lack of competition
and making the additional period of exclusivity for the orphan drug nonessential, even when it
exceeds the duration of the patent [67].

On the other hand, increased interest in the development of orphan drugs is driven by sev-
eral factors [69]. In a study that estimated the differences between trial characteristics and
development costs for 100 orphan and 100 non-orphan drugs, Jayasundara found that the
costs for orphan products, including new molecular entities, are usually lower [25]. The
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average cost of developing drugs for rare diseases may be less than half that of developing
drugs for other diseases due to flexibility in patent approval, which is based on less rigorous
and less costly clinical trials [67]. Orphan drugs show significantly shorter timeline for clinical
development and have a greater overall probability of regulatory success (3.9 yrs; 93%) in com-
parison with non-orphan drugs (5.4 yrs; 88%) [70]. Orphan drug approval success may be
related to the previous experience of the drug sponsor, early dialogue with regulators, adher-
ence to recommended changes and pharmaceutical companies’ recognition of the lack of
interest from generic manufacturers [67]. Economic incentives and policies seem to have
achieved the goal of stimulating orphan drug R&D. The number of drugs for rare diseases has
increased in the US and EU [71]. In 2019, 44% of new FDA approvals went to orphan drugs
[72].

Despite small markets, companies can dictate high prices for orphan drugs—generally
higher than for other undesignated products-since they are the only available drug therapy for
rare diseases [73]. The 10 most expensive drugs in the world in 2017 were all orphan drugs for
rare diseases and included eculizumab [74]. In 2014 the median differential cost per-patient
was 13.8 times higher for orphan drug treatments, and the average annual cost of orphan
drugs per patient was $111,820 compared with $23,331 for a non-orphan drugs [75].

All market approved clinical indications for eculizumab correspond to rare and usually
severe conditions. PNH is an acquired chronic hemolytic anemia caused by a mutation that
leads to the dysregulation of the complement system. Without treatment, between 20 and 50%
of patients die within five to six years of diagnosis [76]. Atypical hemolytic uremic syndrome is
a debilitating genetic disorder which can lead to systemic complications in several organs.
Mortality and morbidity are high in the acute phase, and approximately half the patients
develop end-stage renal disease [77]. Myasthenia gravis (MG) is a neurological condition char-
acterized by painless skeletal muscle weakness, fatigue and breathing difficulties, usually
caused by antibodies against postsynaptic proteins, including the nicotinic acetylcholine recep-
tor [78]. Eculizumab is only indicated for refractory gMG patients who have tested positive for
anti-acetylcholine receptor antibodies, representing a very small segment of patients [79].
NMOSD is an uncommon disease that affects the central nervous system, whereby the
immune system attacks the optic nerves and spinal cord. If left untreated, approximately one-
third of patients die within 5 years after the first attack [80].

Due to the lack of population-based epidemiological studies on rare diseases, the exact
prevalence of clinical conditions with approved indications for eculizumab is not fully known.
However, they are all low-frequency conditions. The differences in prevalence shown in
Table 2 are possibly caused by the variable clinical manifestations of rare diseases, variations in
age, geographic location, and ethnicity, lack of standardized diagnoses, and late diagnosis [81].

Alexion has developed a highly financialized business model [2, 3, 49] based on orphan
drugs for rare diseases. This model essentially involves: (i) patenting and marketing authoriza-
tion in major world markets, (ii) research focused on new clinical indications that generate
new patenting processes, (iii) setting prices and defining marketing policies, including those
for public health systems, such as in Brazil, and (iv) “predatory value extraction”, which priori-
tizes distribution of dividends and stock buybacks for shareholders [3, 82]. Alexion is among
the top-10 biotechnology companies in the US [4] and allocates significant resources to repur-
chase its own shares, a key indicator of a company’s level of financialization [83].

The monopoly status and market authorization of eculizumab in relevant markets has
turned Alexion into a great commercial success. Its marketing strategy has yielded significant
results, with the company’s share price on the NASDAQ rising 600% between 2007 and 2012
[48].
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The company began to expand the clinical indications for eculizumab while prospecting for
other drugs. Between 2000 and 2020, Alexion acquired seven pharmaceutical companies pro-
ducing orphan drugs for rare diseases, together with their intellectual property rights, and
established partnerships with six others [47, 84, 85]. In 2012, Alexion acquired asfostase alfa, a
potential treatment for patients living with HPP (from Synageva), and in 2013, sebelipase alfa,
a potential treatment for patients living with LAL-D (from Enobia). In 2015, Alexion obtained
approval for sebelipase alfa (Kanuma®)), the first treatment for patients with lysosomal acid
lipase deficiency (LAL-D), and asfotase alfa (Strensiq®)), the first treatment for patients with
hypophosphatasia (HPP). As of October 2020, the Alexion pipeline had three products in
Phase I trials, five in Phase I and 13 in Phase III [86]. It is reasonable to assume that at least
part of retained earnings from products already on the market have been redirected either
towards these new commercial ventures or to the expansion of necessary investments in R&D.

Alexion s total revenue between 2007 and 2019 was more than US$25 billion. Eculizumab
has been the company’s flagship product since the beginning and the only product in the com-
pany’s portfolio until 2015. After 2016, with increased sales of asfotase alfa and sebelipase alfa,
the share of Alexion’s global sales attributed to the drug dropped below 90% and in 2019 eculi-
zumab sales accounted for 79.1% of the company’s revenues. However, these figures do not
necessarily reflect the expansion of the drug’s use for NMOSD, an indication approved by the
FDA and EMA only in mid-2019.

The development of medicines for rare diseases has become highly profitable. Between
2000 and 2012, orphan drug companies had a 9.6% higher return on investment than non-
orphan drug companies [87]. This profitability shows no signs of abating. Orphan drugs reve-
nues account for an important and growing share of the pharmaceutical market, amounting to
an estimated US$217 billion in 2024, which corresponds to 18% of prescription sales.

In 2018, Alexion licensed and marketed ravulizumab (Ultomiris®)—a long-acting version
of eculizumab with indication for adult patients with PNH—in the US, Japan, EU, Canada,
and Brazil. Approval was based on two multicenter phase III clinical trials that established the
non-inferiority of ravulizumab to eculizumab [88, 89]. Ravulizumab has the advantage of a
longer interval between doses and could potentially replace eculizumab as the first-line treat-
ment for PNH in both treatment-naive and clinically stable patients [90]. However, despite
improving patient management, it cannot be considered an actual new drug entry in the field
of anti-C5 therapy [23]. Launching ravulizumab may be a strategy to address competitive chal-
lenges related to the production of potential eculizumab biosimilars. In November 2020, nine
different indications were undergoing testing in Phase 3 trials [86]. Meanwhile, ravulizumab
prescriptions exclusively for PNH generated revenues of 814 million dollars (8.9% of the com-
pany’s global sales revenues and 10.8% of eculizumab sales revenues) in 2018 and 2019.

This case gains special relevance in Brazil, where public provision of eculizumab is the rule.
Alexion took seven years to submit a marketing authorization application, which was finally
submitted in 2015). During that time procurement was done exclusively in response to liti-
gation. Marketing authorization was granted in March 2017 [91]. In December 2018, the drug
was included on public funding lists, exclusively for the treatment of PNH [92]. The clinical
protocol that ensures patient access to the drug under the public health system and regular
procurement was published only in November 2019 [93], effectively meaning that procure-
ment up to December 2019 was subject to bidding waiver (152,209 vials purchased by the Min-
istry of Health for US$8,563,184,381.05) [94].

The decision to delay the submission of the application for marketing authorization may
seem paradoxical given the importance of the Brazilian market for company revenues. Before
receiving marketing authorization and inclusion on funding lists and clinical protocols, drugs
may only be purchased in response to health litigation, an exceptional circumstance that
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requires a bidding waiver and purchase at market price. Medicine prices are only regulated
after the drug receives marketing authorization, when the Drug Market Regulation Chamber
(Camara de Regulagao do Mercado de Medicamentos—CMED) sets a ceiling price for public
procurement. This means eculizumab remained without a price ceiling in Brazil for more than
7 years. After this period, the price was reduced by 35%, resulting in a drop in company
revenues.

Delaying the submission of the application for marketing authorization may be regarded as
an alternative strategy to extend the exclusivity generated by patent applications. Eculizumab
has five patents pending approval, thus inhibiting generic competition [95]. Since there was no
dossier to support an application for marketing authorization for a biosimilar, as required by
Brazilian law [96], this strategy prevented generic versions of eculizumab from being licensed,
generating an additional 11-year exclusivity period that guaranteed the company significant
revenues from litigation-related purchases.

This study has some limitations. First, the search was restricted to only four international
patent databases, meaning that the information presented may be incomplete. The use of a
broader range of databases may therefore have provided a more comprehensive view of the
dynamics of patent protection. Second, although data on the prevalence of conditions with
approved indications for eculizumab were obtained from two important rare diseases initia-
tives, the literature shows that there is large variation in the frequency of rare diseases. Finally,
revenue data were obtained from the company’s financial reports, which did not provide
audited financial statements, meaning it was not possible to verify the figures, and revenue
data in Brazil were limited to public purchases.

Conclusions

Our findings show that a strategy focused on obtaining orphan drug designation, expanding
therapeutic indications and the geographic range of marketing approvals, extending monopoly
periods, and prioritizing public procurement niches has enhanced Alexion’s revenues and
helped the company achieve leadership in a highly specific market, significantly boosting
profitability.

The single-case study approach adopted by this investigation allowed an in-depth examina-
tion of these dynamics. Alexion’s granted and pending patents mean that the company has a
monopoly on eculizumab that extends to an average of 35 years, keeping competition at bay in
major markets. After eculizumab was first designated as an orphan drug by the FDA and EMA
in 2003, Alexion obtained a further eight designations in these and other regulatory agencies
up to 2014, accompanied by the tax benefits and exclusivity rights provided under the specific
legislation of each jurisdiction. Furthermore, an increase in marketing authorizations was
observed. With the expansion of therapeutic indications for other rare diseases, the number of
patients who could potentially be treated with the drug has increased. These combined factors
were and will continue to be essential for promoting a significant increase in the company’s
global eculizumab sales revenues.

The situation in Brazil is different to that in the US, EU, and Japan. Specific incentives are
not available for designated orphan drugs in Brazil. In this case, the company’s strategy was to
secure exclusive public procurement in response to litigation. Moreover, the delay in market-
ing authorization prevented the entry of biosimilars into the market, thus eliminating
competition.

The development and manufacture of innovative products requires major investment. Rare
diseases are an ideal market opportunity for pharmaceutical companies aiming to maximize
revenues in a short timeframe while maintaining a lean portfolio.
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Were drugs not considered to be essential health goods and a necessary means to decrease
disease complications, or even to sustain life, Alexion and eculizumab could portray an inter-
esting financial success story. Alexion has dedicated itself to identifying promising products in
a number of countries, acquiring intellectual property rights, applying for orphan designation
status and marketing authorization, and ultimately expanding clinical indications for eculizu-
mab, making a considerable and sustained profit. In some countries, such as Brazil, company
profits have been boosted by belated marketing authorization and litigation to promote access
to medicines, resulting in the mandatory purchase of the drug by the government. The system-
atic way in which the company pursues these strategies constitutes a successful business
model.
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