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Abstract: Since we have gained an understanding of the immunological pathophysiology of
rheumatic diseases such as rheumatoid arthritis and systemic lupus erythematosus, treatment
based on biological drugs has become a fundamental axis. These therapies are oriented towards
the regulation of cytokines such as tumour necrosis factor-alpha (TNF-«), interleukin (IL)-6, IL-1,
and the modulation of cell-mediated immunity (B cells and T cells) by anti CD20 or anti CTAL-4
agents, and can increase the risk of associated infections or adverse events (AE). In this context,
the entry of biotherapeutics represented a challenge for pharmacovigilance, risk management and
approval by the main global regulatory agencies regarding biosimilars, where efficacy and safety
are based on comparability exercises without being an exact copy in terms of molecular structure.
The objective of this review is divided into three fundamental aspects: (i) to illustrate the evolution
and focus of pharmacovigilance at the biopharmaceutical level, (ii) to describe the different approved
recommendations of biopharmaceuticals (biological and biosimilars) and their use in rheumatic
diseases (RDs) such as rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), psoriatic arthritis
(PsA), ankylosing spondylitis (AS), systemic lupus erythematosus (SLE) and other less frequent RD
like cryopyrin-associated autoinflammatory syndromes (CAPS), and (iii) to identify the main AE
reported in the post-marketing phase of RD biopharmaceuticals.

Keywords: biopharmaceuticals; biologics; monoclonal antibodies; pharmacovigilance; rheumatologic
diseases; biosimilars

1. Introduction

Biological drugs, biopharmaceuticals (BP), or macromolecules, as different authors have named
them, refer to therapeutic schemes based on proteins. The World Health Organisation (WHO) has
called them biotherapeutic products, obtained by applying biotechnology derived from various
biological sources, initially non-human sources (animals, fungi, bacteria, and yeasts). However,
after the complete sequencing of the human genome in 2004, it was possible to obtain 100% human
therapeutic proteins [1,2]. According to the WHO definition, biotherapeutics are complex structures,
‘composed of sugars, proteins, or nucleic acids or complex combinations of these substances, or they
can be living entities such as cells and tissues’, which include vaccines, blood components, tissues,
and therapeutic recombinant proteins among others [3].

There are great differences between chemically synthesised drugs and BPs such as the origin,
molecular size, complexity of the molecular structure, stability, the possibility of making exact copies,
differences in the route of administration (usually the parenteral route), lability, and in production,
handling and storage processes [4,5]. In addition, ‘biosimilar” drugs have created a new challenge
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since, if they demonstrate high similarity, phase III clinical studies can be omitted, raising concerns
about their efficacy, long-term safety, and increased risk of immunogenicity [2]. The latter is one of the
adverse drug reactions (ADR) induced by biologics where agencies such as the WHO, the European
Medicines Agency (EMA), and others that regulate biosimilars in Canada, South Korea and Australia
have established that the pharmaceutical industry must be prepared to manage these ADRs through
an established risk management plan [2].

Within biological risk management, pharmacovigilance (PV) plays a fundamental role
in minimising these adverse events (AE). An example of the importance of PV in biotherapeutics was
seen in the actions taken to prevent pure red cell dysplasia induced by the biological erythropoietin
(EPO)-ox (Eprex). The patients who received this biopharmaceutical created antibodies (Abs) that
neutralised both exogenous and endogenous EPO, generating a cross-reaction. The reason was
that the syringes, loaded with polysorbate and glycine instead of albumin (initially used as the
adjuvant), reacted with the caps of the medicine package, generating these secondary Abs [6]. From the
actions implemented through PV, preventive actions were taken and the control and regulatory
agencies contraindicated the administration of EPO-« at the subcutaneous level, since this increased
immunogenicity, thus reducing the number of cases that presented [4,7]. In this way, expanding the
knowledge and understanding of the activities established by the relevant groups of PV in biologicals
at the level of rheumatic diseases (RDs) could provide an overview of the real situation regarding
AE associated with these biologicals and implement prevention tools to obtain a favourable clinical
outcome for patients.

The objective of this review is to show the changes in the approach and performance of PV
in biological therapy, the current situation of the PV system in BP in RD and the main AE reported by
biologics for this type of disease.

2. Methodology

2.1. Search Eligibility Criteria

We included post-marketing studies on biotherapeutic drugs used for the treatment of RD:
rheumatic disease (RA), juvenile idiopathic arthritis, (JIA), psoriatic arthritis (PsA), ankylosing
spondylitis (AS), ankylosing spondylitis (SLE), and cryopyrin-associated autoinflammatory syndromes
(CAPS). Only articles in Spanish, English, German, and French were included. News articles, phase I-11I
studies, and experimental studies were excluded from the review.

2.2. Search Strategy, Study Selection, and Data Extraction

The search was carried out in four stages. (i) We identified studies from SCOPUS, OVID, PubMed,
LILACS, Generics and Biosimilar Initiative Journal (GaBi), Google Scholar, and OpenGrey, EMBASE. (ii) We
reviewed the published evidence related to recommendations by regulatory agencies responsible for
PV in Australia, Brazil, Canada, China, Europe, France, Germany, Ireland, Italy, Japan, Korea, Mexico,
The Netherlands, New Zealand, Nigeria, Singapore, Sweden, the United States (US), and Colombia.
(iii) The rheumatology societies of Brazil, Mexico, Portugal, Germany, Spain, America, the United
Kingdom, Italy, and the Middle East were consulted. Finally, (iv) the main symposia and the abstracts
of biotherapeutic congresses were searched.

The electronic search strategy is presented Table 1. Articles published from January 1990 to
January 2020 were included. Two independent researchers performed the relevance screening. Relevant
articles were reviewed to determine whether they met the eligibility criteria. Discrepancies were
resolved through consensus. A broad overview of the search strategy is schematically presented
in Figure 1.
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Table 1. MeSH and Decs used in electronic database.

30f28

Term MeSH Supplementary Concept Decs
Spondylitis, Ankylosing Spondylitis, Ankylosing
Reiter Syndrome
Spondylarthropathies Spondylarthropathies
Spondylarthritis Spondylarthritis

1. Rheumatic Diseases

Arthritis, Psoriatic

Arthritis, Psoriatic

Arthritis, Reactive

Arthritis, Reactive

Lupus Erythematosus, Systemic

Lupus Erythematosus, Systemic

Arthritis, Juvenile

Arthritis, Juvenile

Arthritis, Rheumatoid

Arthritis, Rheumatoid

Rheumatic Diseases

Rheumatic Diseases

Arthritis

Arthritis

2. Biotherapeutics

Biological Products

Biosimilar Pharmaceuticals

Rituximab tocilizumab
Infliximab SB2 infliximab

golimumab
Etanercept

Certolizumab Pegol

Interleukin 1 Receptor Antagonist Protein

Adalimumab

Abatacept

Biological Products

Tocilizumab

Golimumab

Biosimilar Pharmaceuticals

Rituximab

Infliximab

Etanercept

Certolizumab Pegol

Interleukin 1 Receptor Antagonist Protein

Adalimumab

Abatacept

3. Postmarketing Studies

Product Surveillance, Postmarketing

Product Surveillance, Postmarketing

Adverse Drug Reaction Reporting Systems

Adverse Drug Reaction Reporting Systems

Figure 1. Flowchart depicting the selection process for the studies included in the paper.

RD: Rheumatic Diseases; PV: Pharmacovigilance
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3. Challenges Associated with the Pharmacovigilance of Biopharmaceuticals for
Rheumatic Diseases

3.1. Importance of Pharmacovigilance for the Minimisation of Adverse Drug Reactions

According to the WHO, PV is defined as the ‘detection, evaluation, understanding, and prevention
of adverse drug events or any other related problem’ [8]. This definition agrees with what is stipulated
by the EMA, which defines PV as the “process and science of monitoring the safety of drugs and
taking measures to reduce the risks and increase the benefits of drugs’ [9]. The WHO definition
includes the term drug-related problem (DRP), which is defined by the second Granada consensus as
negative clinical results, derived from pharmacotherapy and produced by various causes, leading to
the non-achievement of the therapeutic objective or to the appearance of unwanted effects [10].

The best-known case of a DRP was related to the thalidomide tragedy in 1961. In this year,
the PV system was created, and sought to offer an organised method where risks are identified and the
population is notified early, decreasing the number of cases and ensuring the safety of patients [11,12].
In 1968, resolution 16.36 of the 16th WHO World Assembly considered the need to create an information
system on ADRs occurring worldwide, which is why the Program for International Drug Monitoring
(PIDM) and the database were created. VigiBase is powered by each of the 136 member countries
and administered by the Uppsala Monitoring Centre and collaborating centres in India, Morocco,
and Norway [13,14]. The objective of this database is to ‘promptly recognise signs that indicate serious
ADR to a medicine, evaluate the dangers, and investigate mechanisms of action to contribute to the
development of safer and more effective medicines’ [15].

VigiBase has several tools such as VigiLyze and VigiFlow; the first tool provides a general approach
to VigiBase data and is designed for PV program affiliates and national centres, while VigiFlow handles
the individual case safety reporting (ICSR) database and notifications for centres that do not have
their own national database. This system uses the VigiAccess interface, which allows anyone to access
suspected ADRs without revealing the personal data of the reported cases [16].

The American College of Rheumatology (ACR), since 2014, has implemented the Rheumatology
Informatics System for Effectiveness (RISE). This is a database that extracts electronic medical records
related to rheumatology [17]. On the other hand, Latin America and the Caribbean community
(CARICOM), made up of 20 developing countries, can use the VigiCarib regional system created
in December 2017 to report ADR and changes in the quality of pharmaceutical products [18]. For our
case of interest, the biotherapeutic products used in RD are included in databases established by the
Spanish rheumatology society BIOBADASER and in the US (the BBOBADAMERICA system), fed by
the registries of each country. Similar systems are in use in Argentina (BIOBADASAR II), in Mexico
(BIOBADAMEX), in Uruguay and Paraguay (BIOBADAGUAY), and Brazil (BIOBADABRASIL).
The latter has a patient comparator group, which receives treatment with traditional disease-modifying
antirheumatic drugs (DMARDs) [16,19-22]. Countries such as Australia, through the Australian
Rheumatology Association database (ARAD), monitor the outcomes of patients with RD, mainly if
they undergo treatment with biotherapeutics [23]. All the aforementioned databases are fed with
ICSRs, which are the documents with the most complete information, provided by a primary source to
describe suspected ADREs, related to the administration of one or more medications to a patient at any
given moment [24-26].

ADR, according to the WHO, is a harmful, unintended response to authorised doses, which may
be dose dependent or independent, and which may or may not occur unpredictably. An adequate
PV system allows the identification of rare and severe ADR signals, making it easier to establish
dose-dependent reactions, called type A or with increased pharmacological effect, and ADR type E,
because they occur at the end of treatment. Notwithstanding, type B ADRs are generally identified
post-marketing because they are idiosyncratic and associated with patient and/or environmental
characteristics. In the case of ADR type D, occurring long after treatment has ceased, and ADR
type C, which appears chronically, often an association with a drug cannot be identified [27,28].
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The identification of possible ADRs can be carried out through two processes, the first through
passive surveillance, with spontaneous notification to the WHO or regional control centres, or by
physical or electronic methods, i.e., by filling out instruments such as the ‘yellow card’. The second
process corresponds to an active system, where patients managed with a certain drug are followed
up. This process has the advantage of having more complete patient data and ease of identifying AE,
as well as data on the subgroups with the highest risk of presenting ADR [29,30]. Figure 2 shows the
different actors involved in the PV process.

ACTINGTO PROTECT
PUBLIC HEALTH

. Rational
Education & Public
Patient Trainin Health Ml e
Ly 9 el (Cost-effective)
Safety
Benefit-Risk WHO/
Assesment of Uppsala
Drugs Monitoring
PHARMACOVIGILANCE Canti
Pharmaceutical
Hospitals/ Companies
: Academia
National/Regional Patients
Pharmacovigilance s Sl LIl
Workers MANAGEMENT DATA

Centrers

Figure 2. Main actors in the pharmacovigilance process.

PV has two phases: the first phase is risk analysis, where a risk is identified, measured,
and evaluated based on the identification of a signal, defined as information about a possible
causal relationship between an ADR with a drug. The second phase, called risk management, is
responsible for the implementation and monitoring of regulatory measures [10,12]. In this latter
phase, the risk management plan (RMP) plays a fundamental role. This is a document maintained
by the pharmaceutical industry, where the actions necessary to identify, characterise, and minimise
the important risks for a drug are captured [26]. The European Commission (EC) indicates that this
process must have a communication system with each of the parties and proper monitoring of the
outcomes of the process [9,31].

3.2. Changes in the Approach and Implementation of Pharmacovigilance in Biological Therapy

Since the first detection and the establishment of ADR causality associated with different
therapeutic strategies and in the understanding of the concept of PV in different countries and
organisations, multiple activities have been generated to increase the safety of medications. After the
formation of the first regulatory agencies in individual nations and the formation of cross-cutting
entities worldwide by the WHO, the leadership of PV has also been assumed by different local and
continental actors aimed at special groups oriented by pathologies and therapeutic groups.

As well, with the continuous development of new therapeutic agents, including chemically
synthesised drugs and the first biotherapeutics, new challenges have been generated in PV, added to
the need to establish additional measures and guidelines for the detection and management of
the risk of associated ADRs. Given these needs, the EMA in 2012 established new regulations
on PV and the formation of EudroVigilancE (European database for suspected adverse drug
reaction reports), as well as the creation by different scientific groups of follow-up cohorts
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in biotherapeutics in Europe such as Rheumatoid Arthritis Observation of Biologic Therapy -RABBIT
(Germany), AntiRheumatic Therapy-ARTIS (Sweden), British Society for Rheumatology Biologics
Register for RA-BSRBR_RA (United Kingdom), Spanish Registry of adverse events of biological
therapies in rheumatic diseases-BIOBADASER and Group of Biological Agents in Autoimmune
Diseases-BIOGEAS (Spain), and Group for the Study of Early Arthritis-GISEA (Italy). In addition
to these groups, patients play an important role in the identification of ADRs since they use social
networks to increase the detection of early alerts in possible outcomes of ineffectiveness or adverse
effects. Figure 3 presents the evolution of PV regulation for biological and biosimilar drugs. The main
problems in the PV process are associated with cultural differences in medical practice, a lack of
resources for regulatory activities, and little experience or interest among clinicians in performing
PV [32].
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Figure 3. Timeline of pharmacovigilance and regulation of biopharmaceuticals and biosimilars.
4. Biopharmaceuticals in Rheumatic Diseases

RDs are a group of approximately 200 chronic pathologies of the musculoskeletal system. It is
estimated that about 10% of the population suffers from a rheumatic disease. In Asia, these diseases
are estimated to have the same prevalence as in the Western world, but have been reported to be more
aggressive [33]. One of the problems with this group of diseases is the deterioration in quality of life,
leading to physical and economic dependency, a loss of job opportunities, isolation and limitations
in carrying out the activities of daily life [34]. The main RDs managed with biotherapeutics are RA, JIA,
PsA, AS, SLE, and CAPS [35]. Table S1 summarises the main biological, biosimilar, and copy attempts
of the main RDs [35-43].

4.1. Rheumatoid Arthritis

RA is a chronic, symmetrical inflammatory disease that attacks multiple joints, causing deformity,
pain, and loss of function if proper treatment is not received [44]. It is of multiple aetiologies and
can produce multiple manifestations at the extra-articular level. The diagnostic criteria published
in 2010 by the ACR and the European League Against Rheumatism (EULAR) assess the number of
joints involved, the chronicity of pain, and the patient’s paraclinical. The incidence of this disease is
close to 40 per 100,000 people, with a female to male ratio of three to one [45,46]. Early treatment with
DMARD:s reduces limitation and disability. DMARDs are immunosuppressive drugs, and can be either
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traditional or biological [47]. The biological drugs used for the management of RA are tumour necrosis
factor inhibitors (anti-TNF-«), interleukin (IL)-1 inhibitors, IL-6 inhibitors, T lymphocyte inhibitors,
and B lymphocyte inhibitors.

Anti-TNF-« agents act by neutralising soluble and membrane TNF-«, preventing its binding with
the Tumor Necrosis Receptors (TNFR)-I (p75) and TNFR-II (p55). This induces apoptosis, stops the
cell cycle, inhibits angiogenesis and the inflammatory cascade at the synovial level, and suppresses
chondrocytes and osteoclasts, thus reducing bone resorption and erosion [48]. The etanercept fusion
protein and five different monoclonal antibodies (mAbs) are currently approved: adalimumab,
certolizumab pegol, infliximab, tocilizumab, and golimumab. Infliximab was approved in 1999 in the
USA as monotherapy for people who do not respond to methotrexate treatment, and in 2001 the joint
management of these two drugs was approved. This biological has multiple biosimilars approved for
commercialisation; among them is SB4, commercialised in Europe as Eticovo, in the USA as Benepali,
and in Korea, Australia and Brazil with the name of Brenzys [28]. CT-P13 is marketed as Inflectra
and Remsima. Golimumab was approved by the Food and Drug Administration (FDA) as Simponi
in 2009 for subcutaneous administration and under the name of Simponi Aria in 2013 for intravenous
administration [35].

IL-1 inhibitors block the receptors IL-1RI and IL-1RII, decreasing acute phase reactions.
The exponent of this approved Anakinra group is a competitive inhibitor, a recombinant
non-glycosylated analogue of IL-1Rx. IL-1 stimulates colony-stimulating factor (CSF) expression
and activates endothelial cells, synovial fibroblasts, chondrocytes, osteoclasts, and components of the
immune system, especially neutrophils [36].

Blocking IL-6 decreases T cell proliferation, B cell differentiation, and macrophage activation.
Representatives of this group are sarilumab (human mAb) and tocilizumab (humanised mAb),
which bind to sIL-6R and mIL-6R receptors, thereby decreasing levels of immunoglobulins (Ig) and
suppressing the joint and systemic inflammatory response.

T lymphocyte inhibitors are represented by abatacept, a fusion protein composed of the domain
associated with cytotoxic T-lymphocyte antigen 4 (CTLA-4), which works by preventing the second
signal or costimulatory signal, thereby inhibiting the stimulation of T lymphocytes [35,48]. B cell
blockers, such as rituximab, act by blocking CD20, which prevents the intermediate stage of B cell
development, thus decreasing the number of these cells at the bone and synovial level [36].

4.2. Juvenile Idiopathic Arthritis

JIA corresponds to a heterogeneous group of persistent arthritis syndromes, which begin in children
under 16 years of age with a minimum of 6 weeks of evolution; the aetiology is unknown. JIA requires
a clinical diagnosis, using the criteria of the International League of Associations for Rheumatology
(ILAR) from 2001. In systemic JIA, arthritis with the involvement of one or more joints, associated with
fever on a daily basis, must be present for at least three consecutive days, lasting at least two weeks
and accompanied by serositis, lymphadenopathy, evanescent erythematous exanthema, and hepato- or
splenomegaly. Its most frequent extra-articular manifestation is uveitis. The prevalence of this group
of diseases is from 37 to 84 cases per 100,000 children under 16 years of age [49-51]. Treatment is
intraarticular corticosteroid infiltration alone or accompanied by a DMARD such as methotrexate or
leflunomide and to a lesser extent sulfasalazine. In cases with no response, the use of the biologicals
etanercept, canakinumab, tocilizumab, or abatacept is authorised [35,50,52,53]. Canakinumab is
an mAb agonist for IL-13, a proinflammatory cytokine that regulates innate immunity [36].

4.3. Psoriatic Arthritis

PsA is a chronic inflammatory disease where the Classification Criteria for Psoriatic Arthritis
(CASPAR) criteria are used to evaluate the evidence of psoriatic dactylitis, nail dystrophy, and bone
formation at the juxtaarticular level, accompanied by a negative test for rheumatoid factor. Anincidence
of 83 cases per 100,000 people/year and a prevalence of 133 cases per 100,000 people/year are estimated.
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The treatment proposed by the EULAR is to start with topical treatment for psoriasis and non-steroidal
anti-inflammatory drugs; if required, continue with a DMARD such as methotrexate, sulfasalazine or
leflunomide; if no response is observed, provide combinations of DMARDs and finally, if necessary,
use the biologics adalimumab, certolizumab pegol, etanercept, infliximab, or ixekizumab. The latter is
a humanised mAb that binds to the proinflammatory cytokines IL-17 A and IL-17 A/F [36,54-56].

4.4. Ankylosing Spondylitis

AS is a chronic autoimmune inflammatory disease that affects the axial skeleton, but can also
affect peripheral joints and other organs. The diagnosis is made according to back pain inflammatory
characteristics, acute phase reactants, and elevated human leukocyte antigen (HLA)-B37, associated
with radiological alterations in the spine, in patients younger than 40 years of age. The first-line
treatments are non-steroidal anti-inflammatory drugs (NSAIDs), physical therapy, and intra-atrial
steroids. DMARDs such as methotrexate and leflunomide have no evidence supporting their use in this
pathology, but sulfasalazine has shown satisfactory results in some studies. In case of no response,
the approved biologics are anti-TNF-«, etanercept, adalimumab, certolizumab pegol, infliximab,
and golimumab [35,57].

4.5. Systemic Lupus Erythematosus

SLE is an autoimmune disease that can compromise any organ. It has a prevalence of 3-500 per
100,000 people and mainly affects women between 16-55 years of age. Antinuclear antibodies (ANAs)
and immunoassay tests are a diagnostic support for this pathology. The scales most used for its
classification are the ACR and EULAR criteria updated in 2019, assessing the presence of fever, joint,
skin, synovial, neurological, haematological, and renal involvement, as well as laboratory findings
(antibodies against phospholipids are evaluated as well as ANAs) [58].

The British Society of Rheumatology (BSR) published guidelines for the treatment of SLE in 2018,
where it stipulates that, depending on the activity of mild, moderate, or severe disease, induction can be
performed with NSAIDs, cyclooxygenase inhibitors, local or systemic glucocorticoids, DMARDs such
as methotrexate, azathioprine, mycophenolate mofetil, or cyclophosphamide. Likewise, they indicate
that maintenance can be performed with hydroxychloroquine, the biotherapeutics belimumab and
rituximab, or the drugs mentioned in induction, except for cyclophosphamide [35,51]. In addition to
the biologicals mentioned previously, ocrelizumab is also authorised. It is key to bear in mind that
there are several biotherapeutics under study for the treatment of this pathology, i.e., epratuzumab,
abetimus, edratide, belimumab, atacicept, efalizumab, sifalimumab, rontalizumab. Moreover, there are
biologics approved for other pathologies that are currently being evaluated for the management of
SLE, such as anakinra, tocilizumab, infliximab, and abatacept [59].

4.6. Other Inflammatory Syndromes

Other biologically managed rheumatologic diseases are CAPS, which groups diseases caused
by mutations in the NLRP3 gene. CAPS include neonatal onset multisystemic inflammatory disease,
Muckle-Wells syndrome (MWS), and familial cold autoinflammatory syndrome (FCAS). The use of the
IL-1 inhibitor rilonacept (a fusion protein with high affinity for the homologous form of IL-1f and to
a lesser extent for IL-1x) was approved for these pathologies [60]. It is currently distributed in the USA,
but in Europe it was withdrawn from the market on 20 September 2012 for commercial reasons [61].

According to what is reported in Table 1, the use of biotherapeutics varies in each country, according
to the national databases; for example, in Argentina, etanercept is predominantly used at 25.12% and
adalimumab at 13.3%; in Brazil, infliximab at 39.0% and adalimumab at 28.0%; in Paraguay-Uruguay,
adalimumab at 56.5% and etanercept at 23.7%, in Mexico and China, etanercept at 25.6% and 35% and
infliximab at 19.8% and 17%, respectively [37,62].

In the USA, on average, 40% of RD patients receive biological treatment, in contrast to the Middle
East and north Africa where coverage is only 2% [33,63]. The factors considered for this inequality



Biomedicines 2020, 8, 303 9 of 28

may be associated with the difficult access of BP and with the difficulties in monitoring treatment with
biologicals. Additionally, in these regions, there are epidemics such as tuberculosis, making this therapy
contraindicated [33]. In Latin America, access varies according to the biologicals, as 76% of children
with SLE are treated with rituximab while for belimumab coverage is only 11% [57,58]. Some countries
such as Cuba only have some biotherapeutics authorised, as can be seen when consulting the Centre
for State Control of Medicines, Equipment and Medical Devices (CECMED) for RD, which mentions
rituximab and tocilizumab [64].

Within the coverage of biosimilars for indications of different RDs, even to date the change
or substitution (interchangeability) of an innovative biotherapeutic for any biosimilar has not been
approved [28]. Interchangeability is a characteristic between two or more products, which allows for
a substitution between them. According to the FDA, in the Biologics Price Competition and Innovation
Act (BPCIA) of 2009, manufacturers must supply sufficient information to indicate the biosimilarity of
the biotherapeutic, including the same clinical result as the reference product in any patient. Equally,
if there is a change from an innovator to a biosimilar, it must be demonstrated that the administration
of the biosimilar will not affect the safety and efficacy of the innovator [63,65,66].

5. Adverse Events Reported Post-Marketing with Biopharmaceuticals in Rheumatic Disease

Among the main global concerns of PV are the post-marketing changes of biotherapeutics.
These changes can be low risk (changes in the manufacturing process of the final product, changes in the
packaging of the final product), moderate risk (changes in the process of or analysis during the
manufacture of the active substance), and high risk (changes in purification, lot size, detection limits of
the active substance). These modifications mean that biotherapeutics have an impact on the safety and
efficacy of the medicine and that they can present AE in patients. In the case of biotherapeutics f