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Abstract

According to the World Health Organization (WHO), one third of the world’s population don’t have the necessary
access to pharmaceutical products, including essential drugs. In Brazil, the Governmental Health System (SUS)
distributes some medicaments for free to the population. They were, then, classified into three categories in the
country: basic, strategic and specialized components. Among these categories, the last one is highlighted due
to the expensive costs of its products, which are essential for the treatment of rare and specific diseases. For
this reason, the Ministry of Health created, in 1993, the Program for Specialized Medicaments, where all the
drugs included in this category were distributed for free through Clinics and Hospitals. During the first year of this
Program’s implementation, there were 15 different items distributed into 31 distinct presentations. Nowadays, the list
expanded to 150 different items dispensed into 310 presentations. Hence, the availability of imported pharmaceutical
products in Brazil overloaded the expenses by the Brazilian Ministry of Health. Only during 2011, US$ 1.5 billion
were spent on these products, where 30% of this amount was related to specialized ones. In order to reduce costs,
the Brazilian Federal Government developed, in 2004, the Technological Innovation Law. According to the Decree
number 6.041, the National Politics for Biotechnology and the National Committee of Biotechnology were created
in order to stimulate the development of Biotechnology for human health, targeting mainly the national production
of biopharmaceuticals. Furthermore, the end of patents for several medicaments during the last 5 years enhanced
the motivation for national production of new drugs. In this way, some Governmental Institutions, in partnership
with International Pharmaceutical Industries, started developing the first biosimilar molecules. Therefore, this report
describes the evolution of Biotechnology in Brazil, relating the laws, regulations and Programs created along the last

20 years for Human Health application.
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Introduction

The use of pharmaceutical compounds for treatment of several
diseases has been described for more than 3000 years. However, only
during the last century that pharmaceuticals started being produced
in large scale by the properly named “Pharmaceutical Industries”.
Improvements in science, such as the discovery of penicillin for
production of antibiotics, and advances on recombinant DNA (rDNA)
and hybridome allowed the development of Biotechnology and new
techniques applied on the production of more efficient pharmaceuticals.

Nowadays, the production of biological medicaments occurs by
companies with Biotechnology application and also by traditional
pharmaceutical industries, or even by a partnership between them.
For example, companies such as Amgen, Novartis, Abbot, Roche and
Genentech produce the 10 most selling drugs worldwide, including
medicaments developed through rDNA technology (Aranesp, Enbrel,
Epogen, Erypo, Neulasta), as well as through hybridome technology
(Avastin, Herceptn, Humira, Mabthera, Remicade) [1]. Therefore,
the increase on the production of biopharmaceuticals is exponentially
increasing every year. The emerge of biosimilars due to the expiration
of many patents also opened the market for the entrance of new
companies. In this way, each country has been developing guidelines
and regulations for the approval of biological biosimilar drugs [2].

Hence, in 2009, Brazil was the 10" biggest buyer of pharmaceutical
products in the world. Hence, the main cause for the increase of
Brazilian Pharmaceutical Industries was the Law 9.787/99 that
established the sale of generics in the country [3]. In similar ways, the
increasing of Brazilian Biopharmaceutical Industries has been grown

due to investments by the Government for national production of
such medicaments, as well as due to the enhancement of partnerships
between Public Research Institutions and Private Companies. Only
until 2008, there were 12 Biopharmaceutical companies registered at
ANVISA, 8 of each where national ones: Aché, Blausiegel, Cristalia,
Eurofarma, Fiocruz, Prodotti and Silvestre Lab [4].

Moreover, the increasing expenses by the Ministry of Health with
imported medicaments have motived the Government to invest on the
national production of many biosimilar drugs. In 2011, the Brazilian
Government spent US$ 4.9 billion on the importation of medicaments
[5], and among them, 8 biopharmaceuticals imported represented
18% of the total costs, including: philgastim, glucagon, growth
hormones, human recombinant insulin, a-interferon, p-interferon
and somathrophin. For this reason, the development of biosimilar
molecules in Brazil can be seen as a strategy for the improvement of
Brazilian Biopharmaceutical Industries. In addition, the market for
pharmaceuticals worldwide is estimated to grow 15% by 2015, which
means that sales can go up to US$ 182.5 billion [6].
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Furthermore, in Brazil, the debate about the establishment of
general regulations for biological medicaments is a recent concern,
which can be seen, for example, by the Public Consultancy number
49/2010 proposed by ANVISA. As the RDC number 315/2005 does not
contemplate the requirements needed to guarantee the comparison
between biosimilar products, the Public Consultancy created new
strategies to overcome this flaw.

Hence, in order to assure the biosafety and efficacy of new biological
medicaments, the Public Consultancy is discussing novel proceedings,
tests and documents necessary for the registration of such products.
Among the proposals, there is the possibility that companies might be
able to develop biosimilar drugs by performing clinical comparison
evaluations with the original product. In some cases, it is possible to
extrapolate the therapeutic use of some biosimilar products to other
therapeutic uses. For this, there is the need of proving that the data
obtained for one disease cannot interfere with the activity of the
same molecule for the second disease [7]. Furthermore, the number
of tests required can be reduced, considering the purpose of use for
the molecule, but only after inspection and case-by-case analysis by
ANVISA.

Therefore, in this review, the Political and Biotechnological aspects
of Biopharmaceuticals and Biosimilar in Brazil will be described,
focusing on the attempts for the country to become independent on
producing national medicaments.

Biopharmaceuticals and biosimilars

Biopharmaceuticals are featured as important tools for commercial
and health clinical areas, and are now changing the pharmaceutical
profile, not only for Brazilian industries but worldwide. Examples
of these products are monoclonal antibodies and recombinant
endogenous proteins [8]. Hence, it is expected that, by 2015, more than
50% of the new approved drugs are from biological origins, and this
percentage is estimated to increase up to 75% by 2025 [9].

Therefore, biopharmaceuticals are characterized as drugs whose
essential substances are obtained from live organisms or their
derivatives, through biotechnological processes. All products obtained
from this technology present higher complexity when compared to
traditional chemical drugs. This occurs due to many variables applied
to pharmaceuticals, such as selection of an expression system or
synthesis, cell growth conditions, purification processes; need to handle
glycosylation, phosphorylation, metilation, and storage environment
[10].

However, due to the heterogeneity of biopharmaceuticals, they are
more sensitive than other traditional chemical drugs, which can affect
their stability and integrity, as opposed to traditional drugs that are
smaller and easier to manipulate and control [11-13]. In contrast to
traditional drugs, biopharmaceuticals are immunogenic molecules.
Nevertheless, it is important to highlight that subtle differences at the
structure of these biopharmaceuticals might lead to major differences
in the immunogenic reactions [14].

In addition, biosimilar compounds comprehend pharmaceuticals
that arose after the expiration of many biopharmaceuticals patents,
once that they are copies of the original drug molecules. Nowadays,
they are being developed by several pharmaceutical companies and
are commercialized in the market for over 25 years [8]. The main
characteristic of a biosimilar drug is that the method used for the
acquisition of its compound is different from the process utilized for
the development of a biopharmaceutical drug, even when both produce

identical molecules with the same biological activity. This feature was
established by Regulatory Agencies, such as the European Regulatory
Agency, which determined biosafety rules for the development of
biosimilars [15,16]. When the biological activity of a biosimilar is not the
same as the original product, it becomes inadequate for quality, efficacy
and security evaluations, requiring further analyze on bioavailability
and bioequivalence of this molecule [10,17]. In Europe, the guidelines
addressing the requirements for quality control and production of a
biosimilar were initiated in 2005, and the most recent edition of these
guidelines was approved by the Committee of Medical Products for
Human Use in 2006 [18]. Moreover, during 2009, around 75% of all
prescribe pharmaceutical products in U.S. were generic drugs [19].
Hence, both generic and biosimilar drugs spread in the market with
the purpose of decreasing the final price of pharmaceutical products.

Furthermore, generic drugs encompass all molecules that contain
the same active principle, pharmaceutical formula, dose, administration
route, with the same reference for therapeutical purpose and safety [20].
In Brazil, the release of these medicaments into the market brought an
increase on the competition between pharmaceutical products [21].
Hence, the reduced costs of these drugs are mainly related to cheap
expenses on the production of these molecules, low costs for clinical
evaluations, as well as less investments on marketing [22-24]. According
to the Brazilian Regulatory Agencies for pharmaceutical products,
the Brazilian Agency for Sanitary Vigilance - ANVISA, during 2003,
there was 40% reduction on the price of pharmaceuticals after the
introduction of generic drugs into the market [25]. Furthermore,
public politics developed in Latin America countries are aiming the
motivation for the acquisition of good-quality pharmaceuticals that are
also cheap for the population [24,26].

Brief history about biopharmaceuticals in Brazil

The access to pharmaceutical products is essential to guarantee
the constitutional right to health for each person in the population.
According to the World Health Organization (WHO), one third of
the world population does not have access to regular and essential
pharmaceutical products [21,27]. In Brazil, The Ministry of Health,
through the Unique Health System (SUS), offers the acquisition of
drugs for the population free of charge. These drugs, as described at
the Brazilian law Portaria GM/MS no 2.891 - of November 26, 2009
- are classified into three categories: basic, strategic and specialized
components [28,29]. These drugs were initially approved as part of
the National Politics on Pharmaceutical Assistance by the Ministry of
Health 's department, SUS [30].

Among these categories, the specialized medicines are detached,
once that they are drugs whose cost is extremely high, restricting their
acquisition by many patients. Therefore, in order to solve this problem,
the Brazilian Federal Government developed, in 1993, the Program for
Specialized Drugs. Besides providing high-cost drugs to the population
for free, the Program included the availability of pharmaceutical
products used on the treatment of long-term diseases. The same
program, during that year, had included 15 medicines available into
31 different pharmaceutical presentations [31]. Nowadays, the list
presents 150 items under 310 different pharmaceutical presentations
[32], which attend a demand of millions of patients with several
diseases, including, kidney insufficiency, viral hepatitis, Alzheimer’s
disease, AIDS, multiple sclerosis and diabetes.

However, Brazil is not the only country affected by the continuous
increase of costs related to pharmaceutical products. An international
estimative presented at the Global Forum for Health Research in 2006,
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indicated that health issues corresponded to 20% of the total world
expenses from private and public sectors, and whose activities in
Technological Research and Development clearly showed to be one of
the most world dynamic areas [33].

The continuous increase of cost with pharmaceutical products
in Brazil demonstrates the alarming expenses with the acquisition of
diverse drugs along the years (Figure 1) [5]. In 2007, a study showed
that there was a big difference between the costs the Government spent
with services at health department (9.6%) and the budget expended
with the purchase of medicaments (123.9%), during the years of 2002
and 2007 [34]. The enhancement of expenditures with pharmaceutical
products also occurred in other countries around the world, such
as Great Britain and Canada, where the amount spent with drugs
increased 10% and 6%, respectively [34]. Moreover, in the United
States, it is estimated that the expenses referring to medicaments will
grow from US$ 184 billion in 2003, to US$ 519 billion in 2013 [31].

During 2009, the Brazilian Government spent US$ 1.3 billion only
on the purchase of the pharmaceutical drugs classified in the specialized
group. And, during the year of 2010, the total cost reached more than
US$ 1.6 billion. Until the month of April of 2011, the total amount
expended with the drugs from the specialized group was already US$
1.5 billion [5].

Hence, the fact that Brazil is dependent on acquiring many
pharmaceutical medicaments important for chronic and severe
diseases reflects directly on its public health and on the balance of
trade. Nevertheless, the Brazilian Government is now supporting the
development of products that can aggregate value and technology to
the country. The first encouragement started in 2004, with the release of
the Technological Innovation Law number 10.973 (from December 2™
of 2004), where the development of innovative processes and products
by Brazilian Companies was incentivized, and increasing inter-
competition in the country [33]. Nowadays, the Brazilian Government
invests in companies that present the technology to produces all kinds
of medicaments, wagging on the strategic ways of biotechnology and
on the decrease of costs with such products [35]. Therefore, Brazil
could become, over the years, one of the biggest biopharmaceutical
components’ producers, supplying the internal demand of the main
needed drugs.

Expired patents and biopharmaceutical medicines

The need of producing proteins with therapeutic activity in
large scale arose during the Second World War, when there was a
pronounced search for proteins derived from blood [36]. The definition
of “Biodrugs” was, then, referred to these therapeutic recombinant
proteins developed using biotechnological tools [37]. The importance
of biodrugs, or better saying, biopharmaceutical products, is evident,
however, many proteins with therapeutic activity were purified from
animal sources, resulting in potential allergenic risks to human health.

In this way, the first biopharmaceutical molecule produced, insulin
was obtained through the purification of animal pancreas [37]. At the
moment, these molecules are produced through techniques involving
biotechnology, resulting in more efficient and safe compounds.

Recently, some biopharmaceutical components already in the
market started showing their patents expiring [38]. Hence, the world s
sales leader, Lipitor® (Pfizer) - where US$ 13 billion of this product was
sold only during the year of 2009 - had its patent expired on 2011 [39].
Along these lines, with the increase of patent expiring drugs, a new race
for development of second generation products, now denominated

biosimilars (similar medicaments) or generics (identical medicaments,
but identified with the name of the main active principle) are widely on
expansion [40,41].

According to the European Legislation (2004/27/EC), biosimilars
are distinct from generics by their size, complexity and stability, once
that they need to be evaluated individually through pre-clinical and
clinical assays, including pharmacy-vigilance analyses. During 2005
and 2006, the regulatory authorities from the EMEA’s Committee of
Human Medical Products published a specific guide for biosimilars,
whose focus was to evaluate the security and efficacy of these molecules
[42]. The mode by which biosimilars and generics can replace the
original pharmaceutical compounds varies among countries, but the
main difference is their price [43]. In Brazil, all the patents of medical
components are made under the Intellectual Property Code — CP1/96,
which introduced the concepts of patents in pipeline and patents under
revalidation. These patent types were made in order to introduce the
lack of procedures for patents created for chemical, pharmaceutical
and food products /processes, not available at the earlier legislation
(art. 230 and 231 of Law number 9.279/96) [44].

The generics achieved the Brazilian market through the “Generic
Law” (9.787/99), where it was established that these medicaments would
have to be 40% cheaper than the original pharmaceutical medicines.
Nowadays, 14% of all drugs sold in Brazil are generic ones [21]. Any
pharmaceutical company can produce, distribute and commercialize
medicaments, once that they in accordance with ANVISA rules [39].
Therefore, ANVISA elaborated, in December of 2010, through the RDC
number 55, new rules for the registration of similar medicaments, using
the comparison factor with other similar biological drugs [45]. Earlier,
in 2005, the European Agency of Medicine (EMEA) had already issued
a series of outlines for the law established by the European Union,
which instituted scientific patterns for the assistance of laboratories
during the process of biosimilars approval [7].

Furthermore, the appearance of Creutzfeldt-Jacob disease, in
patients that received growth hormones from the hypophase of corpses,
stimulated the research for the development of a new recombinant
hormone. Then, the hormone somathropin known as Omnitrope®
(Sandoz Biopharmaceuticals), was the first biosimilar to be released

5.05 4.9

Billion USs

2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

Figure 1: Annual expenses of the Ministry of Health with the acquisition of
imported medicaments from years of 2003 until April 2011. Modified from [5].
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into the market by European regulatory agencies, in April of 2006
[46]. However, some biosimilar molecules caused side effects, such
as the production of antibodies against the drug, including insulin,
anti-TNF (tumoral necrosis factor), recombinant VIII factor and
erythropoietin. Although the recombinant protein hormone be similar
to the endogenous hormone in humans, three patients demonstrated
production of antibodies against both exogenous and endogenous
proteins, resulting in the loss of tolerance by their immune systems
[47,48]. Nevertheless, does is no information in literature that indicates
which side effects are stronger with the administration of biosimilar
molecules, when compared to other traditional drugs. In this way,
rigid analyses of each biosimilar and their effects should be performed
individually before being put for approval under the regulatory
authorities [10,38,49]. Nowadays, more than 350 pharmaceutical
drugs, produced through biotechnology techniques and directed to the
treatment of autoimmune diseases, infectious diseases and cancer, are
atapproval stage [37]. The most important biopharmaceutical products
are shown in table 1.

Moreover, in Brazil, the Government elaborated the Politics for
Biotechnology Development, through the Decree 6.041 (February, 8
0f 2007), which incentivized Brazilian companies to produces national
biosimilar molecules in order to reduce costs of medicaments and
strengthen the bioindustry of the country [33]. Hence, the production
of biopharmaceutical and biosimilar components by a Brazilian
Biotechnology company it of extreme importance for the country, once
that it will establish an alternative path, instead of the acquisition of
high cost important medicaments.

Patents in pipeline and medicaments

The most important way to guarantee the exclusivity of industrial
and pharmaceutical properties is through patents. The term ‘patent’
maintains a temporary prevention so that other competitors do not
copy or sell the respective product in an inferior price than the original
one. This permits that the invention or industrial creation becomes a
profitable investment [50].

On March 19, 1474, it was promulgated, in Venice, the first Law for
patents, which came from the need of commercial relations between
cities, states and medieval kingdoms. In Brazil, the first granted patent
occurred in 1752, for a machine that presented the ability to peel rice.
Nevertheless, the first Brazilian law for patents was only enacted six
decades later, with the prince s charter - D. Jodo VI - in April 28, 1809.
After the first Brazilian patent, a series of new laws and decrees were
made along the years, in order to improve or revoke some benefits
[51]. Among them, in 1971, a federal autarchy bound to the Ministry of
Development, Industry and Foreigner Commerce created through the
law number 5.648: the National Institute for Industrial Property - INPI.
The purpose of this Institute was to register brands, marks, computer

Molecules Application

Hormones Diabetes, First Aids

Growth Factor Anemia

Interferons éeukemlas, Multiple sclerosis, Hepatitis

Several diseases

Disease Prevention (Dengue,
Tuberculosis)

Others (Therapeutical Enzymes, Tumor |Auto-immune diseases, Rheumatoid
Necrosis Factors) arthritis

Monoclonal Antibodies

Vaccines

Table 1: Medicaments most required for national production. Adapted from [37].

Programs, industrial designs, geographic indications, integrated circuit
topographies and patent granting [50].

The law number 9,279, from May 14, 1996, aimed to attend the
requirements of the ‘Agreement about Aspects of Intellectual Property
Rights Related to Commerce’ and introduced the term patents in
pipeline. This mechanism allowed the application for patents related
to processes and substances, pharmaceutical and chemical products, in
order to give a guaranteed protection of the patent in the country and
outside it [51]. Hence, patents in pipeline aim on bringing them directly
to the Brazilian law system, whether the patent was applied in Brazil or
in other countries [44].

After the application for patent in pipeline, analysis and permission
from INPI, the real patent is finally granted. In the case of a foreign
product, the patent is granted on the same way it was granted in the
original country, provided the location where the patent allowance was
applied. The patent term of these products starts from the date it was
deposited in the country and is valid for twenty years inside Brazil [44].

Some pharmaceutical products were already benefited with the law
for patents in pipeline. Among them, there is Viracept®, a medicament
produced by Roche, which had this law used to guarantee the patent
of the respective drug on March 7 1997 in Brazil, although the original
deposit occurred at the United States in 1993 [51]. However, it is also
common to observe pharmaceutical products that were not benefited
by this law of pipeline and, consequently, lost their patents. The most
famous example is the case of Viagra® (Pfizer), which remained twelve
years on Brazilian market until it patent be revoked, in 2010, by the
Brazilian Law Superior Court. Nowadays, at a price 60% cheaper, this
drug is produced as a generic medicament by EMS Company [52].

Biopharmaceuticals and biosimilars in Brazil

Although the sales of generics in Brazil are growing continuously,
the expiration of patents has led the Government to encourage
the development of biosimilar drugs in the country. Hence, in 12
May 2008, The Executive Group of the Industrial health Complex
(GECIS) was implemented in order to auxiliate on the analysis of the
health sector, highlighting the deficiencies and limitations related to
technology development of novel drugs. However, the publication of
an Official report approved by the Chamber of Deputies of Brazil on
December 2011, and the Report approved by the Special Subcommittee
for the Development of Complex Industrial health, Drug Production,
Equipment and Other Supplies (SSD Report) still intensely underlined
the high cost of imported pharmaceutical products, emphasizing the
deficits on domestic production [53].

At the same time, during 2011, The Brazilian Agency for Sanitary
Vigilance (ANVISA) issued four guidelines for biosimilar products.
Moreover, it created a technical chamber for biologics and released
some regulations for registration and post-registration of biosimilars
in Brazil. In 2012, it is expected that ANVISA publishes new guidelines,
specific for the production of monoclonal antibodies [54].

The incentive for national production of biosimilar molecules has
attracted not only local companies, but also International Industries.
The Ministry of Health elaborated a list containing the name of
several strategic and specialized drugs that were primordial for
national production. In addition, the Brazilian Government used the
strategy of Partnerships for productive development (PDPs) to utilize
the acquisition of medicaments as an industrial policy alternative.
Therefore, the Ministry of Health recommended partnerships between
Governmental Research Institutes and private industries, in order of
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transferring technologies, increasing the biopharmaceutical industry
of Brazil and, most important, contributing for the decrease of costs
on the acquisition of such medicaments [53]. By that time, around 30
contracts were made between public and private industries, some of
which have already started producing biosimilar molecules and, until
now, a number of initiatives are already in the pipeline [55].

Among the PDPs, some molecules developed during the
partnership have demonstrated consistent data for technology transfer.
Farmanguinhos, the biggest public Research Institute of Brazil, has
established protocols for the development of three biopharmaceutical
products, including: (i) the antiretroviral Atazanavir, in partnership
with  Bristol-Myers ~ Squibb;  (ii) the immunosuppressant
Mycophenolatemofetil, together with Roche, and; (iii) Pramipexole,
a medicament for Parkinson’s disease, technologically advanced with
Boehringer. The Pharmaceutical Laboratory of Pernambuco State
(LAFEPE), in collaboration with MerckSharp and Dohme, has also
developed an antiretroviral denominated Raltegravir, which is in
process of technology transfer [53,55].

In 2009, two biosimilars medicaments used as therapeutical agents
in rheumatology diseases, and produced by international companies,
have already reached local market, such as Enbrel® (etanercepte; Pfizer-
Wryeth) and Mabthera® (rituximabe; Roche) [56]. Other foreigner
corporations, such as AMGEN, has incorporated some companies
and licensed products, such as Hypermarcas, in January of 2011, and
Bergamo, in April of 2011 for the commercialization of medicaments
in Brazil. Furthermore, Novartis has announced the local development
of vaccines against meningococcal B using genetically modified plant
for the next three years [57].

Nevertheless, the lack of patent rights for medicines acquired
through public/private companies has led the Brazilian Government
to stimulate the partnership between Brazilian companies. Therefore,
recently, the Brazilian Laboratory BioNovis was created to initiate
the local production of biosimilar drugs. BioNovis was settled with
the partnership between four National companies (Aché, EMS,
Hypermarcas and Unido Quimica), and will focus on the production
of biosimilar drugs included in the lists of strategic and specialized
medicaments [58].

Some Brazilian Universities are also investing on the development
of biosimilar molecules, using different expression systems. Hence, the
first report obtained from academic studies of biosimilar molecules was
published by researches from the Catholic University of Rio Grande
do Sul (PUCRS), located at the South of Brazil. There, the human
granulocyte and macrophage colony stimulating factor (hGM-CSF)
was cloned, expressed in bacterial system, purified and assayed using
TF-1 cells [59]. The results showed that Brazil not only possesses the
technology to develop its own biosimilar molecules, but also presents
well trained and expert local professionals already working in this field.

The use of bacterial systems was also utilized for the expression of
other molecules important for human health. Hence, the lysosomal
glucocerebrosidase (GCR), an enzyme related to Gaucher s disease, was
successfully expressed in Escherichia coli cell lines by researches from the
Biotechnology Centre of Butantan Institute. The purified recombinant
enzyme was used for the immunization of BALB/c mice for antibody
production, demonstrating an easy alternative for GCR heterologous
production [60]. Later, researchers from the same institute developed a
methodology for optimized expression and purification of the mutant
human granulocyte colony stimulating factor (hG-CSF), biosimilar to
the molecule from the current commercial drug Nartograstim. High

levels of protein expression was observed using bacterial systems
and the purified recombinant hG-CSF showed acceptable structure
integrity and biological activity when compared to the mutant version
of hG-CSF (Nartograstim). Apart of the effective evaluation of rhG-
CSF as a therapeutic agent for neutropenia, it was also successfully used
for the production of polyclonal antibodies in mice [61]. Recently, a
study evaluating the comparison of two treatments for patients with
Hepatitis C Virus (HCV) genotypes 2 and 3 of infection, using a
biosimilar standard alpha-interferon (IFN) plus ribavirin (RBV) and
the second one using pegylated interferon (Peg-INF) plus RBV, was
performed by researchers from the State University of Campinas
(Unicamp). In this study, it was observed that the treatment with Peg-
INF was more efficient on causing sustained virological response (SVR)
in the patients analyzed than when the biosimilar INF was applied,
concluding that, in this case, the biosimilar molecules was not the best
option for the treatment of patients with HCV genotypes 2 and 3 [62].

The latest finding until now is the expression and purification of a
recombinant peptide glucagon, using bacterial systems. The commercial
glucagon is included in the list of specialized drugs by the Ministry of
Health and the recombinant peptide showed amino acid sequence and
structure identical to the original molecule, with increased activity in in
vivo assays, when compared to the commercial products [63]. Hence,
it is a potential molecule that could be applied for several treatments,
such as hypoglycemia, diabetes and alcoholic coma.

Conclusion

Brazil is exponentially increasing the investments and technologies
on the development of local biosimilars that could be used, in
a near future, for the production of novel medicaments for the
treatment of several diseases. This is also leading the enhancement
of national companies specialized on biosimilar molecules, as well
as partnerships between public research institutes and international
private corporations. Nevertheless, Brazil is still far from being 100%
independent from the importation of biopharmaceutical products, as
only an insignificant percentage of drugs is produced in the country.
Moreover, other developing countries, such as China, India, Cuba and
Korea, already present well-structured companies that are producing
biosimilar medicaments with high quality and efficiency, which makes
it more difficult for Brazil to highlight in the international market.
Therefore, the initial attempt of brazilian companies is to supply the
local demand for drugs, in order to collaborate for the decrease of costs
by the ministry of health on purchasing important pharmaceutical
products. Furthermore, the regulations and guidelines published
by ANVISA and other Government Offices for biosimilars do not
comprise all the necessary requirements for an effective evaluation of
these molecules yet. There is a lot to learn and to be changed in the
laws, on how to proceed for the adequate release of a final medicament
containing a biosimilar product in the country. However, Brazil
has a high potential of becoming one of the biggest producer of
biopharmaceuticals - including biosimilars - in America for the next
decade to come, as the technology has being settled, great amount of
money has been invested by the government and there is a diverse
group of competent research teams working on it.
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