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ABSTRACT

Multiple sclerosis (MS) more than any other
neurological disorder has experienced a
tremendous progress in available evidence-
based innovator disease modifying therapies
(DMT). These medications include
injectable complex nonbiological drugs
(CNBD), the injectable biological products b-
interferons-1a and -1b, and the infusible mon-
oclonal antibodies (MAB), as well as oral syn-
thetic therapeutic molecules. The degree of
efficacy and adverse effects profile is variable. By
the end of 2019, all medications have been
approved for relapsing forms of MS, including
five with indication for clinically isolated syn-
drome (CIS), two for active secondary progres-
sive MS, and one for primary progressive MS.
With the advent of the first generation or
‘‘platform’’ injectable DMT in the 1990s the cost
of MS care increased substantially driven basi-
cally by the cost of these therapies. As new
drugs licensed by health agencies appeared in
the global market, the cost of these agents
notably increased augmenting the economic

gravamen of disease particularly in North
America This industrial phenomenon has been
promoted by the remarkable profits obtained by
the biopharmaceutical companies producing
these medications, costs increasing about seven
times per patient per year in the span of two
decades. The global MS drug market was valued
at US$16.3 billion in 2016, expecting to reach
US$27.8 billion by 2025. The societal and eco-
nomic effect of these costs constitute an inter-
national concern for health systems which
adjudicate an increasing portion of financial
resources to MS care. This effect has had a more
notorious impact in emerging countries with
economies in development. In the early 2000s
the industry producers of biosimilar molecules
initiated the concept of manufacturing follow-
on biosimilar therapeutic options for MS avail-
able at a reduced cost without affecting efficacy
and safety. Latin American biotechnological
companies from Mexico, Argentina and Uru-
guay, introduced into the regional markets
biosimilar b-interferons. These products were
licensed by the local regulatory agencies with-
out challenging pharmacological profile and
their claims of similarity with the innovator
medications. In the licensing process, biosimilar
manufactures have typically utilized published
literature and phase III clinical trials data pre-
viously acquired by the brand medication
(‘‘third approval pathway’’). This has raised
concerns among local neurological communi-
ties and patient organizations in the area. This
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situation is compounded by the fact that no
discernible health cost savings have resulted
since their introduction in Latin American
countries. In some European countries where
the health care system, public and private sys-
tems, regulated by Ministries of Health, nego-
tiate with the pharmaceutical industry drug
pricing and payment systems. The business
scenario has stimulated local industries to pro-
duce follow-on biosimilar medications, theo-
retically to compete or replace the original
brands. Countries such as Iran who have expe-
rienced a substantial increase in MS prevalence
(101.19 per 100,000 inhabitants) has enabled
their national Food and Drug Organization
(FDO) to license locally produced biosimilar
interferon 1-a and 1-b based on somewhat lim-
ited clinical studies. The Ministry of Health of
the Russian Federation, approved the first
biosimilar b-interferon-1a (44 mcg subcuta-
neous administration) manufactured in the
country and developed in accordance to the
guidelines of the European Medicine Agency
(EMA) for phase I and phase III studies. The
EMA, however, along with other international
licensing agencies: United States Food and Drug
Agency (FDA), Health Canada, the Japanese
Pharmaceuticals and Medical Devices Agency
(PMDA), the UK Medicines and Healthcare
Products Regulatory Agency (MHPRA), and
others, have produced strict guidelines regulat-
ing registration of biosimilar medicines. Thus
far these agencies have not approved any
interferon or MAB for MS based on these prin-
ciples. The main obstacles for the approval of
biosimilar medications by international health
agencies is their consistent inability to demon-
strate therapeutic equivalence through physio-
chemistry, biology, immunogenicity aspects,
molecular behavior and clinical studies, prefer-
ably through a controlled phase III study, or
ideally, utilizing a comparative head-to-head
trial with the innovator. Recommendations
proposed by experts from the Latin American
region to guarantee production quality of
biosimilar products, efficacy and safety, include
strict application of current regulations; avoid
uncontrolled interchangeability; implement
strong pharmacovigilance; educate healthcare
professionals and regulatory officials on the

different issues involved in the biosimilarity
concept and use evidence-based decision for
therapy selection. The main priority should
always be the protection and well-being of the
patient irrespectively of therapy availability or
pharmacoeconomic issues.
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Advance in knowledge on the multifactorial
mechanism contributing to the development of
MS has consequently reflected in progress
developing therapies addressing the increasing
identification of molecular mechanisms of dis-
ease. This has resulted in a tremendous impact
in the natural evolution of disease. The advent
in 1993 of the first bonafide specific biological
disease modifying therapy (DMT) for MS, b-in-
terferon-1b, initiated the epoch of designed
targeted molecular pathways and specific treat-
ments for the disease. By the end of 2019, 14
unique molecules providing pharmacological
basis to 20 different products licensed by inter-
national health agencies, constitute the thera-
peutic armamentarium potentially available for
management of relapsing and progressive MS.
This is a remarkable scientific and industrial
achievement, which has been more notorious
in the MS field than in other neurological dis-
cipline. Licensing medications by health agen-
cies is based on results on efficacy and safety
procured from phase I and II studies, culmi-
nating with large placebo-controlled, double-
blind, randomized, phase III studies. This
modern design for MS therapy clinical trials
starting in the 1990s became the standard
approach for studies to come, including (with
some updates and amendments, i.e., incorpo-
ration of active comparator) the most recent
studies performed in the actual era resulting in
the approval of more modern and advanced
DMT.
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In general, the United States Food and Drug
Administration (FDA) and the European
Medicines Agency (EMA) are the regulatory
institutions possessing the more effective
resources to advice, assess and provide appro-
priate warnings and contraindications on the
drug proposed for approval before is released to
the public, along with post-marketing safety
surveillance. Other European regulatory agen-
cies counting with adequate evaluatory resour-
ces, functioning independently from EMA, but
maintaining effective interaction, include the
United Kingdom Medicines and Healthcare
Products Regulatory Agency (MHRA), and the
Ministry of Health of the Russian Federation.
Australia, Canada and Japan, all have active
regulatory offices. Practically every industrial-
ized and country-in-development in the world
include at present in their national health sys-
tem a department, office, or agency on charge of
regulatory approval of medicines. Each coun-
try’s health program has a different design and
is governed by a national legal framework.
Theoretically, an ideal licensing acquisition
would be that each proposed medication pre-
sented by the developer or the manufacturing
company to the responsible authorities, should
provide significant efficacy and safety results
based on evidence, obtained through appropri-
ate basic studies and well-designed clinical
controlled trials. This article is based on previ-
ously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

INDUSTRIAL AND SCIENTIFIC
DIVERGENT MISSIONS

The main professional and scientific motiva-
tions of researchers and clinical investigators
contributing to pre-approval, pre-marketing
studies and investigational efforts, are directed
to develop increasingly sophisticated and effi-
cacious MS therapies to eventually translate
into options for practitioners to treat their
patients in the real world. On the other hand,
the motivation of the pharmaceutical industry
supporting therapeutic development and
research is targeted towards the potential

commercial possibilities and profitability. The
elevated cost of these medications enabled by
market tolerance and loose national and inter-
national legislative control, has been an issue
provoking considerable discussion and societal
concern.

The first DMT generation, also called plat-
form therapies, are all injectable drugs: subcu-
taneous b-interferon-1b (approved in 1993);
intramuscular b-interferon-1a (1995); subcuta-
neous glatiramer acetate (1997), and subcuta-
neous b-interferon-1a (2002). From 1993 to
2014, the price paid by Medicaid (US health
coverage for low-income and disabled individ-
uals, administered by stat es, according to fed-
eral requirements) increased from US$9000 to
US$60,000 per patient per year. The prices paid
by another US health institution, the Veterans
Administration System, started lower and
increased lower than those paid by Medicaid
over the course of this epoch. DMT prices paid
in Canada, Australia and the United Kingdom
are lower than Medicaid prices [1].

The global MS drug market was valued at
US$16.3 billion in 2016, and is expected to
reach US$27.8 billion by 2025 expanding at a
Compound Annual Growth Rate (CAGR) of
6.3% from 2017 to 2025. North America holds
the largest MS drugs market share [2]. These
earnings estimations apply strictly to innovator
brand medications, and include all medications
licensed up to 2016: the four injectable platform
therapies, three oral agents, a pegylated subcu-
taneous 13-interferon-1a, and two infusible
‘‘second-line or third-line’’ monoclonal anti-
bodies (MAB). Except for glatiramer acetate and
the oral molecules approved for relapsing MS
(RMS) during this interval (fingolimod, teri-
flunomide and dimethyl fumarate), the rest,
one b-interferon-1b (250 mcg by subcutaneous
injection every-other-day) and b-interferon-1a
(30 mcg weekly intramuscular injection or 44
mcg subcutaneous inject ion three times a
week), the MAB natalizumab (anti-cell adhesion
molecule a4-integrin), and alemtuzumab (anti-
CD52), are innovator biological products.

Most recent MS drugs entering the thera-
peutic scenario: ocrelizumab (2017), siponimod
and cladribine (2019) are not included in the
above cost appreciation. Ocrelizumab is a
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biological anti-CD20 B-cell inhibitor MAB with
indications in RMS and the first agent approved
for primary progressive MS [3].

Siponimod (S1P1 receptor modulator) and
cladribine (nucleoside metabolic inhibitor) are
synthetic molecules with the novel indication
for active secondary MS, defined as progressive
course with clinical relapses, presence of T1
gadolinium enhancing MRI lesions, and/or new
or enlarging T2 MRI lesions [4].

Siponimod is also indicated for clinically
isolated syndrome (CIS) and RMS [5]. Cladribine
is approved as second-line therapy, but not for
CIS [6].

INTERNATIONAL IMPACT
OF BIOSIMILAR FOLLOW-ON
MEDICATIONS

The compelling business scenario forecast by
the pharmaceutical industry encouraged the
entrance into the market competition biosimi-
lar producers, focusing initially on interferon
production.

In 2004 a Mexican biopharmaceutical
enterprise obtained access to the Mexican
health institutional and public markets for the
first biosimilar b-interferon-1b for MS, follow-
on of the brand innovator licensed since 1993.
Despite the attractive premise of providing a
less expensive, but equally effective and safe
product as the innovator medication, local
patients support groups and neurologists raised
concerns regarding the replacement of the
original medication, considering that many
patients, particularly beneficiaries of the Mexi-
can Institute of Social Security, were already
been treated with the innovator interferon [7].
This concern was compounded by the absence
of data from phase I-III studies not available
from the proposed new MS product.

Latin America is one of the regions where the
advent of biosimilar drugs for MS have exerted a
notable impact, not just in the market share,
but as integral part of pharmacological products
available in the institutional pharmacy formu-
laries in many of the countries of the area. At
present there are nine follow-on b-interferon
formulations replacing or competing with the

three-interferon innovator products [8]. Thus
far, the only other biosimilar product which was
temporarily available as an anti-CD20 B-cell
inhibitor MAB competing directly with Ritux-
imab, was a Mexican product, which was
removed from the market in 2014 due to liti-
gation arguing intellectual property rights and
lack of clinical studies [9]. Rituximab, despite
studies showing efficacy in RMS [10], has not
been approved by the FDA for this indication
although it is often prescribed off-label. Ritux-
imab is internationally licensed for treatment of
rheumatoid arthritis, non-Hodgkin’s lym-
phoma, chronic lymphocytic leukemia and
granulomatosis with polyangiitis.

The advent of biosimilar medications in
Latin America has been enabled by the effective
marketing and distribution of follow-on inter-
ferons for MS by several Mexican and Argen-
tinean and one Uruguayan biopharmaceutical
companies. Except for a few instances, the
approval process of these products have pro-
ceeded for the most part unchallenged by the
licensing agencies in the region, regardless of
the patent status viability of the brand product.

Typically, since biosimilar interferons do not
possess their own clinical studies, the compa-
nies applying for medicine registration have
utilized the extensive data previously obtained
by the innovator through their controlled phase
Ill clinical trials. In fact, in most cases, the
respective package inserts (regulatory prescrib-
ing information) read almost verbatim. In this
context, regulatory agencies from Latin Ameri-
can countries have adopted the ‘‘third approval
pathway’’ granting approval to biosimilars
based on literature references from the innova-
tor. If molecular similarity comparable data is
provided supporting the follow-on molecule
licensing application, data from their own
clinical trials are not required. Only five Latin
American countries (Brazil, Chile, Colombia,
Panama and Venezuela) have health legaliza-
tion limiting approval of biosimilars if clinical
data are not available. An excellent recent paper
(Neurology and Therapy, May 2019) [11]
addresses practical issues concerning the
approval and use of biosimilar drugs for the
treatment of multiple sclerosis in Latin America.
The study emphasizes the need for regulation,
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risk management, and pharmacovigilance of
these products on the American continent.
Increasing prevalence of MS in the world has
stimulated local industries to produce follow-on
biosimilar medications theoretically to compete
(or replace) the original expensive brands
manufactured elsewhere. An example of this
effort is reflected in Iran, where the frequencies
of disease have increased notoriously in recent
years. The most recent epidemiologic study
showed a prevalence in the Tehran’s area of
101.39 per 100,000 Inhabitants [12]. A small
study comparing head-to-head the efficacy and
side effects of a weekly intramuscular Iranian
version of b-interferon-1a (CinnoVex�) with the
brand molecule, disclosed no differences [13].
The Iranian Food and Drug Organization (FDO)
licensed this product. The FDO enforces the
national pharmaceutical laws as the health
department on charge of licensing medicines,
and by utilizing preliminary studies, it has
approved another nationally-produced biosim-
ilar 13-interferon-1b [14], which is used thus far
in limited and on investigational basis.

While these agents are not widely distributed
internationally (Iran is not a member of the
World Trade Organization), CinnoVex � has
been available in Russia since 2010 after the
‘‘Seven Diseases’’ (Orphan Diseases) Federal
Program provided free medications for MS
patients living in Moscow. The public and
Russian neurological communities, however,
have been wary on a perceived reduced efficacy
and side effects experienced with foreign-pro-
duced biosimilar interferon medications. A
study based on patient-event reporting in a
Moscow’s cohort comparing CinnoVex� with
another biosimilar interferon-1a (subcutaneous
Genfaxon�44 mcg) produced by an Argen-
tinean company, disclosed high frequency
treatment withdrawal due to perceived clinical
failure and subjective intolerance [15]. The
Russian government has encouraged local
enterprises (i.e., Biocad) to enter the biosimilar
industry scenario. These efforts encompass the
production of other therapeutic biologicals
including the MAB Rituximab indicated in this
case strictly for hematologic malignancies and
registered in 2014. The Ministry of Health of the
Russian Federation licensed in 2017 the first

biosimilar b-interferon-1a, 44 mcg by subcuta-
neous injection three times a week, produced by
Biocad. This is the only MS biosimilar product
registered in Russia and worldwide developed in
accordance with the EMA guidelines.

Reportedly, no statistically meaningful dif-
ferences in pharmacokinetics (PK) and phar-
macodynamics (PD) In phase I studies were
detected, while safety and efficacy equivalence
to the reference medicine in phase III trials were
found. Phase I and II studies are being con-
ducted for a pegylated form of interferon by
Biocad [16].

International licensing agencies, FDA, EMA,
Health Canada, the Japanese PMDA (Pharma-
ceuticals and Medical Devices Agency), the UK
Medicines and Healthcare Products Regulatory
Agency, and others, have produced strict
guidelines for approval of biosimilar medicines
(including 13-interferons for MS) requiring rig-
orous preclinical studies, comparable PK and PD
with the reference product, and a randomized,
controlled, phase III clinical study. In MS trials
the Expanded Disability Status Scale (EDSS),
other measurements of neurological perfor-
mance, and MRI parameters must be included
in the trial. In theory, for biosimilar medica-
tions efficacy and safety should be demon-
strated to be at least comparable, ‘‘non-inferior’’
to the innovator. Thus far, these organizations
have not approved biosimilars for MS. These
guidelines do not apply to NBCD and copies of
laboratory synthesized molecules demonstrat-
ing bioequivalence. Clinical trials in these cases
are not required.

CHALLENGES POSED
TO BIOSIMILAR MEDICATIONS

The attractive alternative of biosimilar medica-
tions affecting positively pharmacoeconomic
aspects of MS care, from diagnosis to manage-
ment, has not crystalized. While costs are dri-
ven mostly by the price of medicines, tangible
and intangible costs confound the economic
burden. Except for a few cases the advent of
biosimilar medications for MS has not impacted
the economy of taking care of MS. Because of
their consistent approval in emergent countries,
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market tolerance and business vocation, the
follow-on molecules have in fact competed
effectively with the brand products. In most
cases, the savings to health systems have been
only nominal or symbolic. The major hin-
drances for wider acceptance of these formula-
tions remain the absence of appropriate studies
supporting their production quality and justifi-
cation for utilization. Except for the Russian
products that apparently have satisfied regula-
tory guidelines, the immense majority, if not all
biosimilar b-interferons for MS offered in Latin
America and other areas of the world, lack these
essential data.

In the Iranian case, national pharmaceutical
companies do not have access to the same
complex manufacturing processes as those used
for producing originators including cell cul-
tures, fermentation and purification procedures.
Studies utilizing reverse-phase liquid chro-
matography coupled with proteomic technol-
ogy using mass spectrometry analysis applying
to a Mexican version of b-interferon-1b com-
pared with the innovator, demonstrated glyca-
tion of the follow-on product, not detected in
the brand medication. The investigators felt this
structural chemical change would potentially
lead to different PD and PK profiles affecting
safety [17]. The clamor of similarity is not sus-
tainable in these cases. Some investigators feel
these follow-on medications in fact should be
considered as new products, hence they should
be proposed utilizing a New lnvestigational
Drug (IND) application [18].

Other molecular differences have been found
by diverse techniques. Chemical aggregates to
the composition of the biosimilar agent favor
diminution pharmacological potency, incon-
sistent biological activity from batch to batch,
and potential to increase risk of immunogenic-
ity and development of neutralizing antibodies
(NABs) [19, 20].

Failure to demonstrate equivalence and lack
of clinical evidence from biosimilar products
have been carefully studied issues for almost
two decades resulting in these proposed
medicines for MS not being considered or
included in current international therapeutic
guidelines [21–25].

FINAL CONSIDERATIONS

Biosimilar medications for MS including b-in-
terferons and MAB offer an industrial and
commercial opportunity to impact the acceler-
ating costs of disease. This premise has not
reflected in real-life expectations particularly in
the Latin American region [26]. In countries
where the national health care systems negoti-
ates drug prices with the pharmaceutical
industry, the savings are substantial. Biosimilar
products need to resolve the same licensing
regulatory challenges that innovators face.
Except for a few cases manufacturers have
adhered to internationally established guide-
lines. The Latin American study group [11]
emphasizes the need for implementation of
current regulations to be applied to the regis-
tration of biosimilar drug products. The group
proposes adequate national and multinational
studies in the region to demonstrate similarity
along with a strict post-marketing pharma-
covigilance program. An international consen-
sus would help to disseminate neurological and
community information and expectations
regarding these concerns. Essential to accom-
plish effectively these goals imply education of
health professionals and officials responsible for
the licensing processes. The patient’s well-being
and safety remain as the fundamental principles
in treating MS.
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