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Highlights  
 

● Disease-modifying therapies (DMTs) have transformed outcomes in multiple 
sclerosis  

● Many DMTs used in multiple sclerosis (MS) are biologic medicines 

● In other therapy areas, biologics have been succeeded by biosimilar medicines  

● Biosimilar medicines may provide a cost-effective alternative to biologic MS 
DMTs  

● Appropriate education is key for successful adoption of biosimilar medicines 
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Abstract 
 
Background: The treatment paradigm for multiple sclerosis (MS), particularly relapsing-
remitting MS, is heavily reliant on biologic disease-modifying therapies (DMTs). 
However, the current cost of treatment acts as a significant barrier to access for 
patients. Over the next few years exclusivity periods for key biologic medicines used in 
MS are likely to end, opening the door for biosimilar medicines to enter the market. 
 
Methods: In this review, we discuss what biosimilar medicines are, and how the 
existing experience with biosimilar medicines across multiple therapy areas can inform 
the assimilation of biosimilar medicines into the MS treatment landscape in Europe and 
the US.  
 
Results: There is currently a lack of knowledge and awareness around the distinctions 
and similarities between small molecules, non-biological complex drugs, and biological 
medicines, as well as the different categories of follow-on successor medicines. These 
include biosimilar medicines that offer a matching efficacy and safety profile to the 
reference biologic. Understanding and recognition of the stringency of the approval 
pathways required for drug categories such as biosimilars are key in building confidence 
in treatment outcomes. For example, biosimilar medicines are sometimes perceived 
only as ‘copies’ of their reference biologic despite undergoing an extensive approval 
process requiring that no clinically meaningful differences are observed between the 
biosimilar medicine and the reference medicine.  
 
For MS, introduction of biosimilar medicines in the future will enable more people with 
MS to receive effective treatment, and also expand access to biologic DMTs in MS. 
Experiences from the use of biosimilars in multiple therapy areas have shown us that 
this can result in cost-saving benefits for a healthcare system. Introduction of biosimilar 
medicines in other therapy areas has also demonstrated the importance of appropriate, 
accurate education and information for their successful integration into clinical practice.  
 
Conclusion: In order to realize optimized treatment outcomes in MS in coming years 
and to find the appropriate place for biosimilar medicines in the changing MS 
landscape, it is essential that clinicians and people with MS understand the 
fundamentals of biosimilars, their potential benefits and consistency of treatment 
provided by a biosimilar medicine, given the matching efficacy and safety profile to its 
reference medicine. As evidenced in other therapy areas, biosimilar medicines may 
reduce key barriers to access by providing a cost-effective alternative to the MS 
treatment arsenal, while providing the same treatment outcomes as reference biologics.  
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1. Introduction: The evolution of treatment options in multiple sclerosis (MS) 

 

MS is a chronic inflammatory disease, typified by central nervous system lesions that 

can lead to severe physical, cognitive, and other neurological defects (Ghasemi et al. 

2017; McGinley et al. 2021). Symptoms may intensify and subside between relapses 

and periods of apparent clinical stability (Reich et al. 2018; Owens. 2016). Patients 

endure a clinical burden, and patients, families and caregivers, employers, and the 

healthcare system carry the substantial economic burden associated with the disease 

for many years (Owens. 2016). 

 

Treatment for MS was revolutionized with the advent of disease-modifying therapies 

(DMTs), beginning with the approval of a biologic medicine – injectable interferon-beta – 

in the 1990s (Madsen. 2017). Interferons provided an immunomodulatory option for a 

disease that, until then, had been largely treated symptomatically with corticosteroids 

(Madsen. 2017). Approval of interferons opened the floodgates for development of 

biologic medicines, non-biological complex drugs (NBCDs) and small molecule 

medicines to address the immune dysfunction present in MS and attempt to slow the 

effects of neuro-inflammation on the brain (Table 1). 

 

In patients with relapsing MS, DMTs are used to reduce relapse rate, mitigate relapse-

associated worsening, and slow disability progression (Gholamzad et al. 2019; Dobson 

and Giovannoni. 2019). Long-term disease remission has been reported in some 

patients receiving aggressive immune reconstitution therapy (Muraro et al. 2017), but 

there is currently no definite cure for MS (Gholamzad et al. 2019). Despite the advances 

of the past 30 years, access to effective treatment is still difficult for many patients. 

While DMTs have revolutionized healthcare, the cost of biologic medicines represents a 

major barrier preventing uniform access to treatment (McCamish et al. 2016). 

Furthermore, despite an increase in DMT diversity in the US in recent years, acquisition 

costs for all DMTs have escalated at much higher rates than would be expected due 

solely to medical inflation (Hartung. 2017) (see section 4.1). 
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Table 1: DMTs approved by FDA/EMA for treatment of MS at the time of publication 
 
 

Medicine Type 
Mechanism of 

action 

Date of 

authorization 
Indication 

Successor/ 

follow-on medicine 

available* 

Alemtuzumab  
(Lemtrada

®
; Sanofi 

Genzyme, PI 2022; 
SmPC 2022) 
 

 

Biologic 

CD52-directed 
cytolytic monoclonal 

antibody 

EMA: 2013 

Single DMT in adults with highly active RRMS despite 

a full and adequate course of treatment with ≥1 DMT 

OR in rapidly evolving severe RRMS defined by ≥2 

disabling relapses in 1 year, and with ≥1 Gd-enhancing 

lesions on brain MRI or a significant increase in T2 

lesion load as compared to a previous recent MRI 
No 

FDA:2001 

Relapsing forms of MS. Because of its safety profile, 

use should generally be reserved for patients who 

have had an inadequate response to ≥2 drugs 

indicated for treatment of MS 

Cladribine 

(Mavenclad
®
; FDA. 

2019a; Merck. PI 

2019; SmPC 2022)  

Small 
molecule 

Purine antimetabolite 

EMA: 2021 
Adult patients with highly active relapsing MS as 

defined by clinical or imaging features 

No 

FDA:2019  

Relapsing forms of MS, to include relapsing-remitting 
disease and active secondary progressive disease in 
adults. Because of its safety profile, use is generally 

recommended for patients who have had an 
inadequate response to, or are unable to tolerate, an 

alternate drug indicated for treatment of MS 

Daclizumab 

(Zinbryta
®
; Biogen, 

PI 2017; SmPC 

2018) 

Biologic 

CD25 directed 
interleukin-2 receptor 

blocking antibody 

EMA: 2016 
 

Withdrawn 2018†
 

Adult patients with relapsing forms of MS who have 

had an inadequate response to ≥2 DMTs, and for 

whom treatment with any other DMT is contraindicated 

or otherwise unsuitable 

- 
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Medicine Type 
Mechanism of 

action 

Date of 

authorization 
Indication 

Successor/ 

follow-on medicine 

available* 

FDA: 2016 
 

Withdrawn 2018a 

Adult patients with relapsing forms of MS. Because of 

its safety profile, use should generally be reserved for 

patients who have had inadequate response to ≥2 

drugs indicated for treatment of MS 

Dimethyl fumarate 

(Tecfidera
®
; Biogen, 

PI 2022; SmPC 

2022)  

Small 
molecule 

Mechanism of action 
thought to be 

primarily mediated 
through activation of 

the Nrf2 
transcriptional 

pathway 

EMA: 2014 Adult patients with RRMS 

Yes 

FDA: 2013 
Relapsing forms of MS, to include CIS, relapsing-

remitting disease, and active secondary progressive 
disease in adults 

Diroximel fumarate 

(Vumerity
®
; Biogen, 

PI 2022; SmPC 

2022; FDA. 2019b) 

Small 
molecule 

Acts via the 
metabolite, 
monomethyl 

fumarate, mediated 
partly via activation of 

the Nrf2 pathway 

EMA: 2021 Adult patients with RRMS 

No 

FDA: 2019 
Relapsing forms of MS, to include CIS, relapsing-

remitting disease, and active secondary progressive 
disease in adults 

Fingolimod 

(Gilenya
®
; Novartis, 

PI 2019; SmPC 

2021) 

Small 
molecule 

Sphingosine 1-
phospate receptor 

modulator 

EMA: 2011 
Single DMT in highly active relapsing-remitting MS in 

adults and pediatric patients aged ≥10 years 

Yes 

FDA: 2010 

Relapsing forms of MS, to include CIS, relapsing-

remitting disease, and active secondary progressive 

disease, in patients ≥10 years of age 

Glatiramer acetate 

(Copaxone
®
; Teva, 

PI 2022; SmPC 

2022)  

Non-biological 
complex drug 

Mechanism of action 
is presumed to 
involve modulation of 
immune processes 

EMA: 2003 Relapsing forms of MS 

Yes 

FDA: 1996 
Relapsing forms of MS, to include CIS, relapsing-
remitting disease, and active secondary progressive 
disease in adults  

Interferon-beta 1a 

and 1b 

(Betaseron
®
; Bayer,  

PI 2021; Betaferon
®
 

SmPC 2021; 

Avonex
®
; Biogen, 

Biologic Unknown EMA: 1995–1998 

Patients with a single demyelinating event with an 
active inflammatory process, if severe enough to 

warrant treatment with IV corticosteroids, if alternative 
diagnoses have been excluded, and if they are 

determined to be at high risk of developing clinically 
definite MS OR patients with RRMS and ≥2 relapses 

Yes 
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Medicine Type 
Mechanism of 

action 

Date of 

authorization 
Indication 

Successor/ 

follow-on medicine 

available* 
SmPC 2021; PI 

2021; Rebif
®
; Merck, 

SmPC 2021; Rebif® 

EMD Serono, PI 

2021) 

 

 

within the last 2 years OR patients with SPMS with 
active disease, evidenced by relapses 

FDA: 1993–1996 
Relapsing forms of MS, to include CIS, relapsing-

remitting disease, and active secondary progressive 
disease in adults 

Mitoxantrone (FDA. 

2000; Hospira Inc., 

PI 2021; SmPC 

2016) 

Small 
molecule 

DNA-reactive agent 
intercalated into DNA 

through hydrogen 
bonding, causing 

crosslinks and strand 
breaks 

EMA: 2015 
Highly active relapsing MS associated with rapidly 
evolving disability where no alternative therapeutic 

options exist 

Yes 

FDA: 2000 

For reducing neurologic disability and/or the frequency 
of clinical relapses in patients with secondary(chronic) 

progressive, progressive relapsing, or worsening 
RRMS (i.e. patients whose neurologic status is 

significantly abnormal between relapses) 

Monomethyl 

fumarate 

(Bafiertam
®
; Banner 

Life Sciences, PI 

2021; FDA 2020)  

Small 
molecule 

Shown to activate the 
Nrf2 pathway 

-   

No 

FDA: 2020 
Relapsing forms of MS, to include 

CIS, relapsing-remitting disease, and active secondary 
progressive disease in adults 

Natalizumab  

(Tysabri
®
; Biogen, 

SmPC 2022; PI 

2021)  

Biologic 

 
Binds to α4β1integrin, 
blocking interaction 
VCAM-1,preventing 
transmigration of 
leukocytes across the 
endothelium into 
inflamed parenchymal 
tissue 

EMA: 2006 

Single DMT in adults with highly active RRMS for 
patients with highly active disease despite a full and 

adequate course of treatment with at least 1 DMT OR 

patients with rapidly evolving severe RRMS defined by 

≥2 disabling relapses in 1 year, and with ≥1 Gd-

enhancing lesions on brain MRI or a significant 

increase in T2 lesion load as compared to a previous 

recent MRI 

No 
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Medicine Type 
Mechanism of 

action 

Date of 

authorization 
Indication 

Successor/ 

follow-on medicine 

available* 

FDA: 2004 

Monotherapy for the treatment of patients with 
relapsing forms of MS […] generally recommended for 
patients who have had an inadequate response to, or 

are unable to tolerate, an alternate MS therapy 

Ocrelizumab 

(Ocrevus
®
; Roche, 

SmPC 2021; PI 

2021)  

Biologic 
Selectively targets 

CD20-expressing B 
cells 

EMA: 2021 

Adult patients with relapsing forms of MS with active 
disease defined by clinical or imaging features OR 
adult patients with early primary progressive MS in 
terms of disease duration and level of disability, and 
with imaging features characteristic of inflammatory 
activity  No 

FDA: 2017 

1. Relapsing forms of MS, to include CIS, relapsing-
remitting disease, and active secondary progressive 

disease in adults  
2. Primary progressive MS in adults 

Ofatumumab 

(Kesimpta
®
; 

Novartis, SmPC 

2021; PI 2020; AMJC 

2020)  

Biologic 

Binds to CD20, 
inducing lysis of 
CD20+ B cells 

primarily through 
complement-
dependent 

cytotoxicity and, to a 
lesser extent, through 
antibody-dependent 

cell-mediated 
cytotoxicity 

EMA: 2021 Adult patients with relapsing forms of MS with active 
disease defined by clinical or imaging features 

No 

FDA: 2020 
Relapsing forms of MS, to include CIS, relapsing-

remitting disease, and active secondary progressive 
disease in adults 

Ozanimod 

(Zeposia
®
; Bristol 

Myers Squibb, PI 

2022; SmPC 2022) 

Small 
molecule 

Sphingosine 1-
phosphate receptor 

modulator 

- Adult patients with RRMS with active disease as 
defined by clinical or imaging features 

No 

FDA: 2020 
Treatment of relapsing forms of MS, to include CIS, 
relapsing-remitting disease, and active secondary 

progressive disease in adults 

Ponesimod 

(Ponvory
®
; Janssen-

Cilag, SmPC 2021; 

Small 
molecule 

Sphingosine 1-
phosphate receptor 

modulator 
EMA: 2021  

Treatment of adult patients with relapsing forms of MS 
with active disease defined by clinical or imaging 

features 
No 
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Medicine Type 
Mechanism of 

action 

Date of 

authorization 
Indication 

Successor/ 

follow-on medicine 

available* 
PI 2021) 

FDA: 2021 
Treatment of relapsing forms of MS, to include CIS, 
relapsing-remitting disease, and active secondary 

progressive disease in adults 

Siponimod 

(Mayzent
®
; Novartis, 

PI 2022; SmPC 

2022) 

Small 
molecule 

Sphingosine 1-
phosphate receptor 

modulator 

EMA: 2021 
Treatment of adult patients with SPMS with active 

disease evidenced by relapses or imaging features of 
inflammatory activity 

No 

FDA: 2019 
Treatment of relapsing forms of MS, to include CIS, 
relapsing-remitting disease, and active secondary 

progressive disease in adults 

Teriflunomide 

(Aubagio
®
; Sanofi 

Genzyme, PI 2022; 

SmPC 2022) 

Small 
molecule 

Selectively and 
reversibly inhibits the 
mitochondrial enzyme 

dihydroorotate 
dehydrogenase 

EMA: 2013 
Treatment of adult patients and pediatric patients aged 

≥10 years and older with RRMS 
Yes 

FDA: 2012 
Treatment of relapsing forms of MS, to include CIS, 
relapsing-remitting disease, and active secondary 

progressive disease in adults 

Ublituximab 

(Briumvi
®
; TH 

Therapeutics, PI 

2022; SmPC 2022) 

Biologic CD20-directed 
cytolytic antibody 

-  

No 

FDA: 2022 
Treatment of relapsing forms of MS, to include CIS, 
relapsing-remitting disease, and active secondary 

progressive disease in adults 
Information correct at time of publication. 
*EMA. 2023. Weinstock-Gutman et al. 2017; Dumitresco et al. 2021; EMA 2017. EMA. 2021b. 
†Daclizumab was voluntarily withdrawn by Biogen and AbbVie in March 2018 following reports of serious inflammatory brain disorders in 12 patients (Lancet Editorial. 2018). 
 
CIS, clinically isolated syndrome; DMT, disease-modifying therapy; EMA, European Medicines Agency; FDA, United States Food and Drug Administration; Gd, gadolinium; MRI, 
magnetic resonance imaging; IV, intravenous, nrf2, nuclear factor (erythroid-derived 2)-like 2; PI, prescribing information; RRMS, relapsing-remitting multiple sclerosis; SmPC, 
summary of product characteristics; SPMS, secondary progressive multiple sclerosis; VCAM-1, vascular cell adhesion molecule-1.
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Successor (also referred to as ‘follow-on’) medicines may offer a cost-effective 

alternative in MS. Subsequent-entry (‘generic’) NBCDs (e.g. glatiramer acetate) and 

generic small molecules (e.g. dimethyl fumarate; fingolimod) have already been 

approved for MS in the US and Europe (Table 1). Regionally developed successor 

interferons are being used for MS in Mexico, Argentina, Uruguay, Iran, India, and 

Russia (Rivera. 2019; Meher et al. 2019; Moghadasi 2021), but at the time of 

publication, a biosimilar DMT has yet to be approved in MS by the US Food and Drug 

Administration (FDA) or the European Medicines Agency (EMA). However, several 

DMTs are nearing or have passed the end of their exclusivity periods, sparking interest 

in the forthcoming entry of new biosimilar and generic medicines into the US and 

European markets.  

 

Biosimilar medicines, similarly to generic medicines, can provide alternative treatment 

options to branded reference biologic medicines. But while generics are used to 

interchange with small molecules and are chemically synthesized, branded biologic and 

biosimilar medicines are large, complex proteins, produced in living cells. Biosimilars 

have the same amino acid sequence, route of administration and strength as their 

reference biologic. Because of inherent variability of biologics and their manufacturing 

processes, both biologics and biosimilars display a certain degree of variability, even 

within or between different batches of the same medicine, and therefore may have 

different glycosylation patterns (EMA. 2019, Schiestl et al. 2011).  

 

Biosimilar medicines may be of particular relevance, given that biologic medicines form 

the backbone of high-efficacy treatment in MS. To facilitate acceptance of biosimilar 

medicines, there is a need for greater understanding around the utility and robustness 

of successor medicines in MS. The purpose of this review is to provide an overview of 

what biosimilars are and how they are developed. Further, we will discuss some of the 

barriers to treatment in MS, and explore, using learnings from their use in other therapy 

areas, how biosimilar medicines may support future treatment optimization in MS.  
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2. Differentiating and defining classes of DMTs and successor medicines  

 

MS DMTs include biologic medicines, NBCDs, and small molecules (Table 1). Biologic 

medicines are large, complex molecules, often proteins (e.g. monoclonal antibodies) 

(Zhao et al. 2012). Biologics share several characteristics with NBCDs, with a key 

difference that biologics are derived from living organisms (Zhao et al. 2012), while 

NBCDs are synthetically manufactured (Crommelin et al. 2015). Both biologics and 

NBCDs are distinct from small molecule drugs, which are low molecular weight 

compounds (<1 kDa; 20–100 atoms) commonly produced by chemical synthesis (Zhao 

et al. 2012; European Commission. 2013). 

 

A biosimilar medicine is a successor to a reference (‘originator’ or ‘original-brand’) 

biologic medicine for which the patent and exclusive marketing rights have expired 

(EMA. 2019). The EMA was first to define a specific framework for biosimilar approval 

(Schiestl et al. 2017), which takes place through a centralized procedure, following the 

same rigorous standards of quality, safety, and efficacy that apply to all biologic 

medicines (EMA. 2019). The first biosimilar medicine authorized for use by the EMA 

was a biosimilar somatropin for growth hormone deficiency (Omnitrope®; Sandoz) in 

2006 (Schiestl et al. 2017). In the US, a biosimilar abbreviated licensure pathway was 

created in 2010 as part of the Biologics Price Competition and Innovation Act, applying 

the same approval standard as for reference biologic medicines (Brill and Robinson. 

2020; FDA. 113820. 2022.). The first FDA-approved biosimilar medicine was a 

biosimilar filgrastim for prophylaxis of chemotherapy-induced neutropenia (Zarxio®; 

Sandoz), in 2015 (Zarxio® PI. 2021; Brill and Robinson. 2020). At the time of writing, 

EMA has approved 88 biosimilars (GaBI. 2022) and FDA, 37, (FDA. 2022d), although 

only a small proportion of FDA-approved biosimilar medicines have subsequently been 

brought to market (GaBI. 2021a). According to Goode and Chao (2022) and Moorkens 

et al. (2020), one of the major barriers to bringing biosimilars to market in both the US 

and EU, respectively, are complex ‘patent thickets’ surrounding the reference biologic 

that persist even after the loss of exclusivity.  
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Due to the specific nuances between the definition and approval pathways of different 

medicines, concerns may arise that a hierarchy of efficacy/suitability exists between 

reference medicines and their successors. However, all successor medicines approved 

for use in Europe and the US require robust evidence of therapeutic effectiveness and 

equivalence to a reference medicine via distinct, rigorous, and well-defined regulatory 

processes (Figure 1a: EMA and Figure 1b: FDA). Recent European consensus 

guidelines have declared that follow-on DMTs such as biosimilars and NBCDs, when 

approved within highly regulated areas, can be considered as effective and safe as the 

reference medicine (Brownlee et al. 2022). 
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Figure 1: Development steps for generics, NBCDs and biosimilar medicines in 

comparison to reference medicines. A) EMA; B) FDA. 
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In brief, small molecule generic medicines are chemically synthesized to have the same 

active substances and pharmaceutical form as their reference medicine (European 

Parliament. 2001), with bioequivalence to the reference demonstrated through 

appropriate bioavailability studies (EMA. 2012).  

 

The complexity of biosimilar medicines means that the development approach for 

generic small molecules is insufficient to demonstrate similarity. Instead, biosimilars are 

assessed via a comprehensive comparability approach (EMA. 2014). A biosimilar must 

match its reference medicine in terms of quality, safety, efficacy, and immunogenicity 

(Dutta et al. 2020; EMA. 2019). Tailored development programs use existing data for 

the reference medicine to support approval of the proposed biosimilar (EMA. 2019; 

FDA. 113820. 2022.). Biosimilar programs aim to demonstrate no clinically meaningful 

differences in safety and efficacy between the proposed biosimilar and its reference 

medicine, rather than establishing de novo safety and efficacy for the proposed 

medicine (EMA. 2019; FDA. 113820. 2022.). 

 

Biosimilarity is demonstrated by the ‘totality of evidence’, encompassing structural, 

functional, and pharmacokinetic/pharmacodynamic equivalence, and clinically 

confirmed similarity in efficacy, safety, and immunogenicity in a sensitive population 

(Markus et al. 2017). As all biologic medicines, including biosimilars, may elicit 

undesirable immune responses that can impact clinical efficacy and safety, a head-to-

head immunogenicity assessment of a proposed biosimilar versus the reference 

medicine is a critical component of a biosimilar clinical development program 

(Schreitmüller et al. 2019). The epoetin experience of the 1990s and early 2000s serves 

as an example of the impact that small manufacturing changes for a biologic and/or 

biosimilar may have on relative potency and safety (Brinks et al. 2011; Kalantar-Zadeh. 

2017), and speaks to the importance of long-term pharmacovigilance programs as 

recommended in recent consensus guidelines (Brownlee et al. 2022). 

Successor NBCDs occupy a separate developmental space to generic small molecules 

and biosimilars. When a successor medicine does not meet the definition for a generic, 
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or if bioequivalence to a reference medicine cannot be demonstrated through 

bioequivalence studies alone due to differences in active substance, strength, indication 

or pharmaceutical form (European Parliament. 2001; FDA. 2019c), further pre-clinical or 

clinical trials are required in addition to bioequivalence data (European Parliament. 

2001; FDA. 2019c) and the successor medicine is described as a ‘hybrid’ (EMA. 2022c). 

In Europe, biosimilar, generic and hybrid regulatory pathways have all been previously 

used in successor NBCD applications (Gaspar RS, et al. 2020). 

 

3. How DMTs impact treatment goals in relapsing-remitting multiple sclerosis 

(RRMS)  

 

The 2021 consensus statement of the German Multiple Sclerosis Therapy Consensus 

Group describes the aim of treatment in MS as ‘the best possible disease control and 

the best possible quality of life (QoL) for the patient’ (Wiendl et al. 2021).  

Treatment options for progressive MS unfortunately remain limited, however, multiple 

DMTs are indicated for RRMS (Table 1) and can be considered to occupy different 

positions along an efficacy and tolerability continuum from moderate (e.g. interferon-

beta glatiramer acetate, dimethyl fumarate, teriflunomide) to high efficacy treatments 

(alemtuzumab, cladribine, fingolimod, natalizumab, ocrelizumab, siponimod, ozanimod, 

ofatumumab) (Rotstein and Montalban. 2019; Filippi et al. 2022), although exact 

positioning along this theoretical continuum may vary by assessment criteria (Rotstein 

and Montalban. 2019; Samjoo et al. 2021).  

 

Recent reviews and cohort studies lend support to the benefit of initiating treatment with 

highly effective ‘induction’ or ‘early intensive’ therapy (‘flipping the pyramid’) versus 

guideline escalation-type approaches (Montalban et al. 2018) with the aim of taking 

advantage of the treatment ‘window of opportunity’ in RRMS and maximizing long-term 

outcomes (Harding et al. 2019; Brown et al. 2019; Stankiewicz & Weiner. 2020; Smith 

Simonsen et al. 2021). 
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4. Barriers to achieving optimized treatment with high-efficacy DMTs 

  

4.1 Treatment costs 

 

The varied and unpredictable nature of MS, as well as the associated financial costs of 

treatment, means that, in practice, optimized management may be challenging. A key 

barrier to implementation of (early) use of high-efficacy DMTs is the high direct 

healthcare costs associated with such treatments. The ‘barrier to remission’ is not the 

existence of the medicine, but whether a given patient is able to access that medicine. 

DMTs are the primary drivers of healthcare costs after diagnosis in MS, particularly in 

early disease, and with higher costs reported in patients with RRMS compared with 

primary progressive MS (Hartung. 2017; Kobelt et al. 2017; Gyllensten et al. 2019).  

 

In the US, annual price increases for most DMTs have exceeded 10% annually 

(Hartung. 2021), with a typical DMT for MS reportedly costing over $90,000 USD per 

year (Hartung. 2021) and newer DMTs have entered the market with a cost 25–60% 

higher than existing DMTs (Hartung. 2015). Annual Medicaid reimbursement in the ten 

years to 2018 increased by 633%, from $172 million to $1.26 billion (Elsisi et al. 2020). 

To reduce costs, US insurance companies acting through pharmacy benefit companies 

may restrict access to DMTs through tiered coverage and/or other policies (Bourdette et 

al. 2016). It should also be noted that these are acquisition costs. If the additional 

clinical administration time and financial burden of treatment management (e.g. out-of-

pocket costs) are included here, the total cost is likely far higher in the US. 

 

The issue of cost extends to Europe: an Italian database analysis of RRMS treatment 

costs between 1997–2017 reported that annual costs per patient (DMT prescription and 

management) increased by 11.2% after the introduction of natalizumab in 2007, by 

10.9% after the introduction of oral medication in 2011 (fingolimod, teriflunomide and 

dimethyl fumarate), and by 10.7% after the introduction of alemtuzumab in 2015 

(Petruzzo et al. 2020). The need to improve access via reduced cost is experienced 
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throughout the world, and thus, health ministries play a significant role in the decision to 

utilize biosimilars. 

 

4.2 Regional variations in treatment access 

 

In Europe, the approach to treatment and care varies substantially between and within 

countries, meaning some who may benefit from DMTs may not be able to access 

appropriate treatment (EMSP. 2011). In a 2019 survey commissioned by the UK MS 

Society, it was reported that only 3 of every 5 people who could benefit from a DMT 

were currently receiving such treatment (MS Society. 2019). 

 

It could be argued that, ultimately, treatment algorithms are economically driven. A 

previous World Health Organization (WHO) analysis of worldwide data from the Atlas of 

MS 2013 found that only half of those eligible for a DMT reported having received one, 

with reimbursement policy reported as a barrier in 57.7% of responses (Kanavos et al. 

2016). This issue is not unique to MS. In rheumatoid arthritis, for example, it has been 

reported that pharmacoeconomic evaluations and payer policies should be optimized to 

support biosimilar market entry, with non-medical issues (i.e. disparities between 

treatment guidelines, DMT costs, regional limitations, reimbursement criteria) flagged as 

potential barriers to uniform patient access to biologics and effective implementation of 

treatment strategies (Kim et al. 2020). 

 

5. Experience of biosimilar medicines in neurology and MS to date 

 

Some countries have already brought versions of biosimilar medicines to local markets 

using local regulatory approvals. For example, successor interferons have been 

licensed in Mexico, Argentina, Uruguay, Iran, India, and Russia (Rivera. 2019; Meher et 

al. 2019), however, without rigorous challenge of the pharmacological profile and 

similarity claims versus the reference biologic (Rivera. 2019). Experiences with these 

medicines have not been without challenges (Rivera. 2019), compounding the need for 

assessment of biosimilar equivalence in efficacy, safety, and immunogenicity (Cuevas 
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et al. 2015). Care should be taken to only use the term ‘biosimilar’ if the medicine meets 

the definition of WHO and EMA/FDA guidelines, which require direct comparative 

assessment of the biosimilar and reference biologic to establish comparability in 

efficacy, safety, and quality (Kang, et al. 2020).  

 

Stricter approval pathways and requirements for biosimilar medicines mean that 

Europe, Canada, Japan, and the US have yet to see biosimilar medicines approved for 

use in MS (Rivera. 2019). However, it could be argued that the neurology community 

has already seen its first high-efficacy biosimilar medicine in the form of rituximab 

biosimilars used off-label in MS. Rituximab, a biologic medicine indicated across several 

oncology and autoimmune conditions (excluding MS) (MabThera® SmPC. 2021; 

Rituxan® Prescribing Information. 2021), is widely used off-label for the treatment of MS 

(Torgauten et al. 2021; Brancati et al. 2021; Bernttsson et al. 2018). Several rituximab 

biosimilar medicines are approved for the reference indications for use in Europe and/or 

the US (including Truxima®, Ruxience®, Riabni®, Rixathon®, and CT-P10 [GaBI. 2021b; 

Riabni® Prescribing Information. 2020]).  

 

The efficacy and safety of off-label use of Truxima® versus MabThera® in MS was 

recently compared in a clinical setting, with apparent equivalence reported for the 

biosimilar against the reference medicine (Perez et al. 2021). Elsewhere, a small 

retrospective review of off-label use of infliximab biosimilars for neurosarcoidosis 

(initiation or switch from the reference biologic) also reported no efficacy, safety, or 

immunogenicity concerns (Riller et al. 2019).  

 

6. What can we learn from the biosimilar experience in other therapy areas? 

 

Biosimilar medicines have been successfully used in Europe and the US for over a 

decade in oncology, metabolic diseases, gastroenterology, and rheumatology (GaBi. 

2022; FDA. 2022). In the six years to 2022, for example, 16 biosimilars were approved 

by the FDA for use in rheumatoid arthritis (Conran & Moreland. 2022). Using biosimilar 

rituximab in oncology as a specific example of integrating a biosimilar into practice, the 
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first rituximab biosimilars (Rixathon® and Truxima®) were approved by the EMA for 

follicular lymphoma in 2017, based on the totality of evidence derived from a 

comprehensive comparability exercise with the reference medicine (Otremba et al. 

2020). 

 

The indication was then extrapolated to non-Hodgkin’s lymphoma and chronic 

lymphocytic leukemia: subsequent real-world follow-up in German clinical practice 

demonstrated that rituximab biosimilars were being used across all indications, with 

57.3% of cycles in extrapolated indications. Over 24 months, the proportion of biosimilar 

prescriptions increased from 12.0% to 83.0%, suggesting increasing acceptance of both 

biosimilar medicines and extrapolation within the German oncology community 

(Otremba et al. 2020). 

 

Cost savings to both patients and healthcare systems have been reported as a result of 

biosimilar introduction, as well as facilitating increased patient access to treatments 

(Kvien et al. 2022). Other experiences have indicated similar benefits of biosimilar 

integration, including a five-fold increase in daily use of granulocyte colony-stimulating 

factor (G-CSF) following introduction of biosimilar G-CSF for neutropenia prophylaxis in 

Sweden, and anecdotal reports of substantial cost savings following UK uptake of 

biosimilar G-CSF (e.g. estimated £1 million GBP in annual saved purchase costs) 

(Gascón et al. 2013). Similarly, mean treatment cost per patient significantly decreased 

after the introduction of biosimilar etanercept for rheumatology in The Netherlands, and 

an overall increase in number of patients being treated with biologic medicines was 

seen due to additional available budget (Müskens et al. 2021). 

 

In the US, however, uptake of biosimilar filgrastim was lower than anticipated and trailed 

behind other countries (Nava-Parada et al. 2020). Barriers included stakeholder 

perceptions, financial disincentives related to reimbursement, regulatory policies, and 

operational guidance (Nava-Parada et al. 2020; Yang et al. 2022). However, a 2020 

analysis of recent biosimilar medicine launches showed that some (bevacizumab, 

trastuzumab, rituximab) are expected to reach over 50% market share by the end of 
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their second market year (IQVIA. 2020), suggesting that the US market has become 

more receptive to biosimilar medicines in recent years.  

 

6.1 The importance of appropriate education 

 

In addition to the need for supportive policymaking and budgetary guidance, the 

biosimilar experience in other therapy areas shows us that education is likely to be key 

to the successful introduction of biosimilar MS DMTs in Europe and the US. Insights 

from rheumatology have shown that integration of biosimilar DMTs requires all 

stakeholders (clinicians, pharmacists, patients, patient organizations) to have 

confidence in biosimilars, and successful adoption and realization of the full cost-saving 

efficacy of these medicines depends on careful communication to patients (Smolen et 

al. 2019). 

It is likely that current understanding of biosimilar medicines is low, both in the MS 

community and in the general population. A previous US survey of nurse practitioners 

and physicians’ assistants in gastroenterology (n=76) reported that <6% described 

themselves as ‘very knowledgeable’ on the use of biosimilar medicines; 54% ‘somewhat 

knowledgeable’ and 41% ‘not knowledgeable’ (Bernasko et al. 2021), reflecting a 

perceived lack of relevant education and concerns about the safety and efficacy of a 

biosimilar by advanced practice providers (Bernasko et al. 2021). 

Overall patient awareness of biologic and biosimilar medicines is also seemingly limited. 

A previous international survey conducted shortly before the FDA’s first biosimilar 

approval reported that awareness of biologic therapies was very low in the general 

European/US population (10–11%). This rose to 19–30% in patients diagnosed with 

autoimmune disorders or cancer, and 43–47% in diagnosed patient advocates. 

Awareness of biosimilar medicines was even lower: 6% in the general European/US 

population versus 9–11% in diagnosed patients, and 20–30% in diagnosed patient 

advocates (Jacobs et al. 2016). A more recent Belgian survey indicated that biosimilar 

knowledge remains low: only 38% of surveyed patients (diagnosed with autoimmune or 

metabolic disorders) had heard of biosimilar medicines, with their physician, patient 
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organization or the internet being the primary sources of information (Vandenplas et al. 

2022). 

6.2 Acceptance of switching 

As per the core tenets of biosimilarity, switching should have no significant impact on 

the patient experience or treatment outcomes. However, the concept of biosimilar 

switching has occasionally been met with resistance. Previously, criticism has been 

levelled in oncology and rheumatology at the limited statistical power and design 

features of biosimilar switching studies, particularly given the potential complexity of 

real-world switching scenarios (Declerk et al. 2018). Elsewhere, conclusions regarding 

the ‘controversy’ around biosimilar switching have been published (Cohen & McCabe. 

2020), despite a lack of substantial data to support this perception (Cohen & McCabe. 

2020; Wiland et al. 2018). Any biosimilar used in MS would likely be prescribed in both 

treatment-naïve and switching scenarios. The FDA offers a regulatory pathway 

considering a designation of interchangeability (FDA. 2019d), while EMA released a 

joint statement with the Heads of Medicines Agencies in September 2022 to confirm 

that ‘biosimilar medicines approved in the EU are interchangeable with the reference 

medicine or equivalent biosimilar’ (EMA. 2022d).  

 

A key requirement of clear and effective communication around biosimilar medicines is 

to enable confidence in the process of switching. A recent US survey study of real-world 

switching experiences for oncologists and patients with breast cancer demonstrated that 

patients and oncologists were not aligned regarding patient opportunities to ask 

questions, adequacy of resources, treatment effectiveness, patient worry, and 

magnitude of change when switching to a biosimilar medicine (Papautsky et al. 2022). 

Reportedly, 40.8% of patients switched to a biosimilar medicine were not notified in 

advance. Of those who were informed, information came from the treating clinician 

(26.4%), advanced practice provider (5.7%), chemotherapy nurse (15.5%), pharmacist 

(2.9%), or insurer (4.0%); 44% of surveyed patients learned about the new treatment via 

self-directed learning. Likewise, over half of the surveyed oncologists (54.8%) reported 
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that they did not receive any manufacturer materials relating to the new biosimilar 

medicine (Papautsky et al. 2022).  

 

A wealth of data have demonstrated the relative safety of switching to biosimilars. The 

NOR-SWITCH study – the first government-funded, randomized, double-blind, non-

inferiority trial evaluating the impact of switching from reference to biosimilar infliximab – 

is likely the best-known example (Jørgensen et al. 2017). NOR-SWITCH demonstrated 

non-inferiority of biosimilar infliximab within a pre-specified 15% margin, with similar 

safety and immunogenicity outcomes reported across the two groups (Jørgensen et al. 

2017). Elsewhere, a review of 53 switching studies for four biologic medicines 

(infliximab, etanercept, adalimumab, rituximab) across three therapy areas 

(rheumatology, gastroenterology, dermatology) noted that efficacy, safety, and 

immunogenicity (where assessed) were, overall, comparable between patients who 

switched treatments versus those who did not. No differences were seen pre- and post-

switch (Moots et al. 2017). Likewise, a recent, exhaustive systematic review of 178 

studies reported biologic-biosimilar switch data from real-world data as well as 

randomized controlled trials in Europe. Design heterogeneity was reported as a 

consideration, but no robust indications of major efficacy, safety, or immunogenicity 

issues were identified. Some open-label and observational studies reported increased 

discontinuation rates after switching, which were mainly attributed to the nocebo effect 

(see section 6.3) (Barbier et al. 2020). This review concluded that any outstanding 

uncertainties associated with a single switch from a reference biologic to a biosimilar 

medicine are not sufficient to discourage switching (Barbier et al. 2020). Both reviews 

recognized the need for continuing pharmacovigilance and additional data, such as on 

multiple switching scenarios (Moots et al. 2017; Barbier et al. 2020), as would be 

expected for a reference biologic. Recent European consensus guidelines agree that 

there is a lack of evidence to date relating to multiple and cross-switching scenarios 

among successor DMTs (Brownlee et al. 2022).  
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6.3 The nocebo response 

 

As noted above, biosimilar medicines are not well understood by many healthcare 

professionals (HCPs) and patients, and this knowledge gap has been worsened by 

disparagement and/or misinformation (both intentional and unintentional), creating a 

negative perception of the value of a biosimilar in relation to a reference biologic (Cohen 

and McCabe. 2020). This issue is compounded by confusion around appropriate 

terminology (Kang, et al. 2020), as evidenced by incorrect classification of NBCDs (i.e. 

glatiramer acetate) as biologics in the literature (Sabatino Jr et al. 2017; Michels et al. 

2020), furthering uncertainty around effectiveness and tolerability of different classes of 

successor medicines.  

 

The nocebo effect is a common and difficult to quantify artefact in medicine whereby a 

lack of efficacy and/or adverse events occur due to patients’ negative expectations and 

previous experiences. Investigations into the nocebo effect related to biosimilar and 

generic use have been heterogeneous, making the true incidence rate of nocebo 

difficult to evaluate (Spanou et al. 2019; Fleischmann et al. 2020). Nocebo risk can be 

minimized with education – closing the knowledge gap about generics and biosimilar 

medicines – to aid HCP and patient understanding and confidence in the value of a 

medicine, as well as use of tools to recognize risk of nocebo response (Spanou et al. 

2019). One narrative review of biosimilar switching in rheumatology and 

gastroenterology also noted that discontinuation and switch-back rates were higher in 

studies where patients were not given a treatment choice: forced switching may 

intensify negative expectations and contribute to therapy discontinuation rate 

(Fleischmann et al. 2020).   

 

Despite actual or perceived issues, clinical and real-world evidence indicates that 

appropriate use of approved biosimilar medicines is as effective and safe as their 

reference medicines, and they have been shown to offer consistent treatment outcomes 

in treatment-naïve or switching patients across various therapy areas (Moots et al. 

2017; Ebbers et al. 2019; Barbier et al. 2020; Piezzo et al. 2021; Macaluso et al. 2022). 
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For biosimilar medicines to be effective in MS in the future, it is essential that 

prescribers and patients participate in shared decision-making using accurate 

information about biosimilar treatment options. 

 

7. How biosimilar medicines could help address the unmet need in MS 

 

7.1 Healthcare savings 

 

The US National MS Society’s guiding principle is that ‘access to affordable, 

appropriate, high-quality healthcare is essential for people with MS to live their best 

lives’ (NMSS. 2021), a sentiment that is shared in the primary action points of the 

European Multiple Sclerosis Platform (EMSP. 2019).  

 

Biosimilar medicines may represent an option against the barriers to effective high-

efficacy biologic therapies, supporting clinicians to provide the most suitable medicine 

for an individual patient (McCamish et al. 2016), a key need for MS treatment. Biosimilar 

medicines are generally less expensive to develop than reference biologics, partly due 

to an abbreviated clinical trial program, and potentially due to a more advanced and 

efficient production process (Dutta et al. 2020); quality and comparability remains 

uncompromised versus the reference biologic due to the regulatory rigor of biosimilar 

approvals (see section 2). 

 

The crucial driver for uptake of a biosimilar medicine is cost reduction relative to the 

reference biologic (Dutta et al. 2020). In Europe, list-price discounts for a first biosimilar 

vary by country, e.g. from 5–15% in the UK to 20–45% in Germany, with subsequent 

biosimilars potentially receiving similar or the same discount (Heredia et al. 2018). US 

list-price discounts for biosimilar medicines have been reported to reach 35% (12% for 

Medicaid) (Heredia et al. 2018).  

 

Biosimilar medicines and their reference biologics are expected to compete on price for 

market share (Mulcahy et al. 2018). In the US, for example, it has been estimated that 
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use of biosimilar medicines will reduce direct spending on biologic medicines by $54 

billion (range: $24–150 billion) from 2017 to 2026, or ~3% of total estimated biologic 

spending (Mulcahy et al. 2018).  

 

The introduction of the successor NBCD glatiramer acetate in the US may offer a 

snapshot of the potential savings associated with future introduction of biosimilar 

medicines. Generic glatiramer acetate was authorized by the FDA in 2015 (Glatopa. 

Prescribing Information. 2022). Between 2015 and 2019 gross sales for all glatiramer 

acetate in the US fell from ~$4.5 million to ~$2.5 million while the proportion of 

glatiramer acetate prescriptions remained consistent (accounting for 33% of total DMT 

prescriptions in 2015 and 32% in 2019) (Greenberg et al. 2020). 

 

It has been proposed that healthcare systems can make substantial savings if patients 

are switched to biosimilar medicines, and if biologic-naïve patients are initiated on 

biosimilar rather than reference medicines (Smolen et al. 2019). In Europe, incentives 

and policies promote market access for biosimilar medicines to combat restricted 

healthcare budgets, increases in the burden of diseases, and an aging population 

(Dutta et al. 2020). In the US, a recent survey of payers and HCPs using biosimilars in 

oncology reported that up to 87.5% of physicians were using biosimilar medicines in 

>50% of their treatment-naïve patients and were comfortable using biosimilars but that 

their role in selecting a biosimilar medicine was minimal; use was largely dependent on 

practice protocols or insurance preferences. This survey also revealed that the major 

factor influencing payers’ coverage decisions and biosimilar adoption was the potential 

cost saving (Yang et al. 2022).  

 

In addition to price competition, market data from other disease areas have shown that 

introduction of biosimilar medicines leads to increased overall use of biologic medicines. 

Furthermore, widening of prescription options increases access to previously cost-

prohibitive treatment and facilitates market competition; allows payers to re-align 

therapy lines and biosimilar reimbursement; improves processes and patient services; 

and encourages reference manufacturers to pursue new indications and formulations 
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(IMS. 2016; Dutta et al. 2020). For MS, introduction of biosimilar medicines could 

improve affordability of high-efficacy biologic DMTs, allowing for wider distribution of 

healthcare resources and, potentially, an increase in the number of patients able to 

receive an appropriate DMT.  

 

7.2 Patient choice and individualized care 

 

Widening a treatment range gives a physician more opportunity to treat with the most 

suitable DMT and has the potential to allow treatment goals for MS to become more 

ambitious. A 2021 German registry analysis reported that broader availability of DMTs 

was associated with an increase in treatment effectiveness for RRMS, with a decrease 

in annualized relapse rates, reduced disability progression over an 8-year period, and 

stability of NEDA (no evidence of disease activity) criteria (Braune et al. 2021).  

 

In the future, increasing access to (high-efficacy) induction treatment choices for RRMS 

via biosimilar adoption may bring significant benefit to clinical and QoL outcomes for 

people with MS. Availability of biosimilar medicines could facilitate greater adoption of 

personalized treatment approaches for this heterogeneous disease (Linker and Chan. 

2019; Braune et al. 2021). Biosimilar medicines may support overall earlier use of 

biologic therapies (IMS. 2016).  

 

There is also a cost-of-care benefit associated with optimized treatment access in MS. 

Uncontrolled, or poorly controlled, MS is undesirable for both the patient and the 

healthcare system. Treatment and care associated with relapses can be substantial 

drivers of MS clinical costs (O’Connell et al. 2014; Cortesi et al. 2020). A 2021 

retrospective US cohort showed total annual all-cause and MS-related costs increased 

with severity of relapses, reflecting mean MS-related costs of $69,586 versus $43,233 

for severe versus mild-moderate relapses, respectively (N=8,775; 25% using a DMT) 

(Nicholas et al. 2021).  
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Treatment with a high-efficacy DMT reduces relapse severity (Nicholas et al. 2021), and 

thus positively impacts the cost of relapse. Excluding the cost of the DMT, medical and 

non-medical costs for patients on a DMT for MS have been shown to be lower than for 

those not on a DMT (Nicholas et al. 2020). By extension, availability of biosimilar 

medicines in MS may support the use of high-efficacy treatments to reduce relapse risk 

and severity, and reduce cost of care. It is important for patients to understand the 

science behind the use of biosimilar products. Discussing the development pathway and 

requirement for human data is critical for patients to understand the reasons supporting 

the use of biosimilars. 

 

8. Summary 

 

There is an urgent need in neurology for affordable, accessible DMTs to support 

optimized patient outcomes. In MS, introduction of a biosimilar in treatment class-naïve 

patients or switch setting could reduce the cost-related barriers to access and support 

optimized long-term treatment aims via increased or earlier use of first-line high-efficacy 

DMTs. This is achieved by the use of therapeutics that have the same demonstrated 

efficacy, safety and mechanism of action. 

 

Biosimilar experiences in other therapy areas should be leveraged to facilitate uptake in 

a biosimilar-naïve setting. Policies should be optimized to support biosimilar market 

entry. Patients and all HCPs involved in the prescription of biosimilar medicines require 

appropriate support and education to empower decision-making, and combat the 

potential risks associated with misinformation. 

 

The development of a biosimilar is part of the natural cycle of medicine development 

and should be viewed as such: a patent expires and successors are brought in, while 

the innovator company seeks new active ingredients, formulations and indications, thus 

driving innovation. Introduction of a biosimilar medicine may even prolong the use of 

reference biologic treatments through wider availability and clinician familiarity. 
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To conclude, biosimilar medicines have proved beneficial for over a decade in oncology, 

metabolic diseases, gastroenterology, and rheumatology; MS could soon be following in 

these footsteps. To quote a previous rheumatology perspective, it may be that ‘the wind 

of change’ (Schneider 2013) is now approaching the MS treatment paradigm. 

 

 

  

                  



 

30 
 

Acknowledgements  

Editorial support was provided by Dr. Joanne Smith at Syneos Health, supported by 

Hexal AG (a Sandoz company). Final approval of the manuscript rested solely with the 

scientific authors. 

 

Funding 

Medical writing assistance during the preparation of this manuscript was supported 

financially by Hexal AG (a Sandoz company).  

 

References  
 
AMJC. FDA Approves ofatumumab for relapsing MS. 2020. Available at: 
https://www.ajmc.com/view/fda-approves-ofatumumab-for-relapsing-ms. Accessed June 
2022.  
Aubagio®. Prescribing information, 2022. Available at: 
https://products.sanofi.us/aubagio/aubagio.pdf. Accessed June 2022.  
Aubagio®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/5244. Accessed June 2022.  
Avonex®. Summary of product characteristics, 2019. Available at: 
https://www.medicines.org.uk/emc/product/886/smpc/. Accessed. June 2022. 
Avonex®. Prescribing information, 2021. Available at: 
https://www.avonex.com/content/dam/commercial/avonex/pat/en_us/pdf/Avonex_US_Pr
escribing_Information.pdf. Accessed June 2022. 
Bafiertam®. Prescribing information, 2021. Available at: 
https://www.bafiertam.com/pdf/bafiertam-prescribing-information.pdf. Accessed June 
2022. 
Barbier L, Ebbers HC, Declerck P, et al. The efficacy, safety, and immunogenicity of 
switching between reference biopharmaceuticals and biosimilars: A systematic review. 
Clin Pharmacol Ther 2020;108(4):734-755. doi: 10.1002/cpt.1836. 
Bernasko N, Clarke K. Why is there low utilization of biosimilars in inflammatory bowel 
disease patients by gastroenterology advanced practice providers? Crohns Colitis 
2021;360(3).  
Berntsson SG, Kristofferson A, Boström I, et al. Rapidly increasing off-label use of 
rituximab in multiple sclerosis in Sweden – Outlier or predecessor? Acta Neurol Scand 
2018;138(4):327–331. doi: 10.1111/ane.12963. 

                  



 

31 
 

Betaferon® SmPC 2021. Available at: 
https://www.medicines.org.uk/emc/product/1121/smpc#gref. Accessed June 2022. 
Betaseron® Prescribing information, 2021. Available at: 
https://labeling.bayerhealthcare.com/html/products/pi/Betaseron_PI.pdf. Accessed June 
2022. 
Bourdette DN, Hartung DM, Whitham RH. Practices of US health insurance companies 
concerning MS therapies interfere with shared decision-making and harm patients. 
Neurol Clin Pract 2016; 6(2): 177–182.doi: 10.1212/CPJ.0000000000000208 
Brancati S, Gozzo L, Longo L, et al. Rituximab in multiple sclerosis: Are we ready for 
regulatory approval? Front Immunol 2021:12:661882. 
Braune S, Rossnagel F, Dikow H, et al. Impact of drug diversity on treatment 
effectiveness in relapsing-remitting multiple sclerosis (RRMS) in Germany between 
2010 and 2018: real-world data from the German NeuroTransData multiple sclerosis 
registry. BMJ Open 2021;11(8):e042480. doi: 10.1136/bmjopen-2020-042480. 
Brill A, Robinson C. Lessons for the United States from Europe’s Biosimilar Experience. 
2020. Available at: https://biosimilarscouncil.org/resource/europes-biosimilar-
experience/. Accessed June 2022. 
Brinks V, Hawe A, Basmeleh AHH, et al. Quality of original and biosimilar epoetin 
products. Pharm Res 2011;28:386–393; doi. 10.1007/s11095-010-0288-2. 
Briumvi®. Prescribing information, 2022. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/761238s000lbl.pdf. 
Accessed February 2023.  
Brown JWL, Coles A, Horakova D, et al. Association of initial disease-modifying therapy 
with later conversion to secondary progressive multiple sclerosis. JAMA 
2019;321(2):175–187. 
Brownlee WJ, Wolf C, Hartung H-P, et al. Use of follow-on disease-modifying 
treatments for multiple sclerosis: Consensus recommendations. Mult Scler 
2022;28(14):2177–2189. 24. doi: 10.1177/13524585221116269. Online ahead of print. 
Cohen HP, McCabe D. The importance of countering biosimilar disparagement and 
misinformation. BioDrugs 2020;34:407–414. doi: 10.1007/s40259-020-00433-y. 
Conran CA, Moreland LW. A review of biosimilars for rheumatoid arthritis. Curr Opin 
Pharmacol. 2022;64:102234. doi: 10.1016/j.coph.2022.102234. 
Copaxone®. Prescribing information, 2022. Available at: 
https://www.copaxone.com/globalassets/copaxone/prescribing-information.pdf. 
Accessed June 2022. 
Copaxone®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/183/smpc/. Accessed June 2022. 

                  



 

32 
 

Cortesi PA, Cozzolino P, Capra R, et al. The economic burden of different multiple 
sclerosis courses: analysis from Italian administrative and clinical databases. 
Farmeconomia 2020;21(1):49–58. Doi: 10.7175/fe.v21i1.1476. 
Crommelin DJA, Shah VP, Klebovich I, et al. The similarity question for biological and 
non-biological complex drugs. Eur J Pharm Sci 2015; 76:10–17. 
Cuevas C, Deisenhammer D, You X, et al. Low immunogenicity but reduced 
bioavailability of an interferon beta-1a biosimilar compared with its biological parent: 
Results of MATRIX, a cross-sectional, multicenter phase 4 study. Biosimilars 
2015;5:75–81. 
Declerk P, Bakalos G, Zintzaras E, et al. Monoclonal antibody biosimilars in oncology: 
Critical appraisal of available data on switching. Clin Ther 2018;40(5):798–809 
Dobson R, Giovannoni G. Multiple sclerosis – A review. Eur J Neurol 2019;26(1):27–40. 
doi: 10.1111/ene.13819. 
Dumitrescu L, Papathanasiou A, Coclitu C, et al. Beta interferons as immunotherapy in 
multiple sclerosis: A new outlook on a classic drug during the COVID-19 pandemic. 
QJM: An International Journal of Medicine 2021;1–7. doi: 10.1093/qjmed/hcaa348. 

Dutta B, Huys I, Vulto AG, et al. Identifying key benefits in European off‑patent biologics 
and biosimilar markets: It is not only about price! BioDrugs 2020;34:159–170. Doi: 
10.1007/s40259-019-00395-w 
Ebbers HC, Pieper B, Issa A, et al. Real-world evidence on etanercept biosimilar SB4 in 
etanercept-naïve or switching patients: A systematic review. Rheumatol Ther 
2019;6:317–338. Doi:10.1007/s40744-019-00169-4 
Elsisi Z, Guo JJ, Hincapie A. Expenditure, utilization, and price of specialty drugs for 
multiple sclerosis in the US Medicaid population 2008–2018. ISPOR 2020, Orlando, FL, 
USA. Abstract PRO52.  
EMA. Questions and answers on generic medicines. 2012. Available at: 
https://www.ema.europa.eu/en/documents/medicine-qa/questions-answers-generic-
medicines_en.pdf. Accessed October 2022. 
EMA. Guideline on similar biological medicinal products. 2014. Available at: 
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-similar-
biological-medicinal-products-rev1_en.pdf. Accessed June 2022.  
EMA. Biosimilar medicines: Marketing authorisation. 2016. Available at: 
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/biosimilar-
medicines-marketing-authorisation#2.-steps-prior-to-submitting-the-application-section. 
Accessed June 2022. 

                  



 

33 
 

EMA. Biosimilars in the EU. Information guide for healthcare professionals. 2019. 
Available at: https://www.ema.europa.eu/en/documents/leaflet/biosimilars-eu-
information-guide-healthcare-professionals_en.pdf. Accessed June 2022. 
EMA. List of nationally authorised medicinal products: Mitoxantrone. 2020. Available at: 
https://www.ema.europa.eu/en/documents/psusa/mitoxantrone-list-nationally-
authorised-medicinal-products-psusa/00002076/201906_en.pdf. Accessed February 
2023.  
EMA. European Medicines Agency procedural advice for users of the centralised 
procedure for generic/hybrid applications. 2021a. Available at: 
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/european-
medicines-agency-procedural-advice-users-centralised-procedure-generic/hybrid-
applications_en.pdf. Accessed June 2022. 
EMA. List of nationally authorised medicinal products: Glatiramer. 2021b. Available at: 
https://www.ema.europa.eu/en/documents/psusa/glatiramer-list-nationally-authorised-
medicinal-products-psusa-00001529-202011_en.pdf. Accessed February 2023. 
EMA. Generic and hybrid applications. 2022a. Available at: 
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/generic-
medicines/generic-hybrid-applications#2.-steps-prior-to-submitting-the-application-
section. Accessed June 2022. 
EMA. The European regulatory system for medicines. 2022b. Available at: 
https://www.ema.europa.eu/en/documents/leaflet/european-regulatory-system-
medicines-european-medicines-agency-consistent-approach-medicines_en.pdf. 
Accessed June 2022. 
EMA. Generic and hybrid medicines. 2022c. Available at: 
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/generic-
hybrid-medicines. Accessed November 2022.  
EMA. Biosimilar medicines can be interchanged. 2022d. Available at: 
https://www.ema.europa.eu/en/news/biosimilar-medicines-can-be-interchanged. 
Accessed December 2022.  
EMA. Biosimilar medicines: Marketing authorisation. 2016. Available at: 
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/biosimilar-
medicines-marketing-authorisation#2.-steps-prior-to-submitting-the-application-section. 
Accessed June 2022. 
EMA. Generics listings in MS. 2023. Available at: 
https://www.ema.europa.eu/en/medicines/search_api_aggregation_ema_therapeutic_ar
ea_name/Multiple%20Sclerosis%2C%20Relapsing-
Remitting/search_api_aggregation_ema_medicine_types/field_ema_med_generic. 
Accessed February 2023.  

                  



 

34 
 

EMSP. Under Pressure. Living with MS in Europe. 2011. Available at: 
http://www.underpressureproject.eu/web/living-with-ms-in-Europe. Accessed June 
2022.  
EMSP. Annual Report 2019. Available at: https://emsp.org/wp-
content/uploads/2021/09/EMSP_Annual_Report_2019.pdf. Accessed June 2022. 
European Commission. What you need to know about biosimilar medicinal products. 
2013. Available at: https://www.medicinesforeurope.com/wp-
content/uploads/2016/03/biosimilars_report_en.pdf. Accessed June 2022. 
European Parliament. Directive 2001/83/EC of the European parliament and of the 
council of 6 November 2001 on the community code relating to medicinal products for 
human use. 2001. Available at: https://www.ema.europa.eu/en/documents/regulatory-
procedural-guideline/directive-2001/83/ec-european-parliament-council-6-november-
2001-community-code-relating-medicinal-products-human-use_en.pdf. Accessed 
October 2022. 
FDA. Novatrone® Approval Letter, 2000. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/21120.pdf_Novantrone_App
rov.pdf. Accessed June 2022.  
FDA. Postmarketing studies and clinical trials — implementation of section 505(o)(3) of 
the federal food, drug, and cosmetic act. 2011. Available at: 
https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/postmarketing-studies-and-clinical-trials-implementation-section-505o3-
federal-food-drug-and. Accessed December 2022. 
FDA. Guidance for industry reference product exclusivity for biological products filed 
under Section 351(a) of the PHS Act. 2014. Available at: 
https://www.fda.gov/media/89049/download. Accessed October 2022. 
FDA. Implementation of the biologics price competition and innovation act of 2009. 
2016. Available at: https://www.fda.gov/drugs/guidance-compliance-regulatory-
information/implementation-biologics-price-competition-and-innovation-act-2009. 
Accessed June 2022. 
FDA. Overview of the regulatory framework and FDA’s guidance for the development 
and approval of biosimilar and interchangeable products in the US. 2022. Available at: 
https://www.fda.gov/media/113820/download. Accessed October 2022. 
FDA. Biosimilar development, review, and approval. 2017. Available at: 
https://www.fda.gov/drugs/biosimilars/biosimilar-development-review-and-
approval#process. Accessed June 2022. 
FDA Press Release. 2019a. Available at: https://www.fda.gov/news-events/press-
announcements/fda-approves-new-oral-treatment-multiple-sclerosis. Accessed June 
2022.   

                  



 

35 
 

FDA. Vumerity approval package, 2019b. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/211855Orig1s000Approv.pd
f. Accessed June 2022.  
FDA. Determining whether to submit an ANDA or a 505(b)(2) Application. 2019c. 
Available at: https://www.fda.gov/media/124848/download. Accessed October 2022. 
FDA. Considerations in demonstrating Interchangeability with a reference product 
guidance for industry. 2019d. Available at: 
https://www.fda.gov/media/124907/download. Accessed June 2022. 
FDA. Bafiertam® acceptance letter, 2020. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/210296Orig1s000Approv.pd
f. Accessed June 2022. 
FDA. Drug approval process. 2022a. Available at: 
https://www.fda.gov/media/82381/download. Accessed June 2022. 
FDA. Abbreviated new drug application (ANDA). 2022b. Available at: 
https://www.fda.gov/drugs/types-applications/abbreviated-new-drug-application-anda. 
Accessed June 2022. 
FDA. Exclusivity and Generic Drugs. 2022c. Available at: 
https://www.fda.gov/files/drugs/published/Exclusivity-and-Generic-Drugs--What-Does-It-
Mean-.pdf. Accessed October 2022. 
FDA. Biosimilar Product Information. 2022d. Available at: 
https://www.fda.gov/drugs/biosimilars/biosimilar-product-information. Accessed June 
2022.  

Filippi M, Danesi R, Derfuss T, et al. Early and unrestricted access to high‑efficacy 
disease‑modifying therapies: A consensus to optimize benefits for people living with 
multiple sclerosis. J Neurol. 2022; 269(3): 1670–1677. doi: 10.1007/s00415-021-10836-8. 

Fleischmann R, Jairath V, Mysler E, et al. Nonmedical switching from originators to 
biosimilars: Does the nocebo effect explain treatment failures and adverse events in 
rheumatology and gastroenterology. Rheumatol Ther 2020;7:35–64. 
GaBi US guideline for follow on NBCDs. 2018. Available at: 
https://www.gabionline.net/non-biological-complex-drugs/guidelines/US-guidelines-for-
follow-on-NBCDs. Accessed June 2022. 
GaBI. How do the biosimilar markets in the US and Europe compare? 2021a. Available 
at: https://gabionline.net/reports/How-do-the-biosimilar-markets-in-the-US-and-Europe-
compare. Accessed July 2022. 
GaBI. Biosimilars of rituximab, 2021b. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761140s000lbl.pdf. 
Accessed June 2022. 

                  



 

36 
 

GaBi. Biosimilars approved in Europe, 2022. Available at: 
https://www.gabionline.net/biosimilars/general/biosimilars-approved-in-europe. 
Accessed February 2023. 
Gascón P, Tesch H, Verpoort K, et al. Clinical experience with Zarzio® in Europe: What 
have we learned? Support Care Cancer 2013;21:2925–2932.  DOI 10.1007/s00520-
013-1911-7. 
Gaspar RS, Silva-Lima B, Magro F, et al. Non-biological complex drugs (NBCDs): 
Complex pharmaceuticals in need of individual robust clinical assessment before any 
therapeutic equivalence decision. Front Med 2020;7(590527):1–10. doi: 
10.3389/fmed.2020.590527. 
Ghasemi N, Razavi S, Nikzad E. Multiple Sclerosis: Pathogenesis, symptoms, 
diagnoses and cell-based therapy. Cell J 2017;19(1):1–10. doi: 
10.22074/cellj.2016.4867.  
Gholamzad M, Ebteker M, Ardestani MS, et al. A comprehensive review on the 
treatment approaches of multiple sclerosis: Currently and in the future. Inflamm Res 
2019;68(1):25–38. doi: 10.1007/s00011-018-1185-0. 
Gilenya®. Prescribing information. 2021. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/022527s031lbl.pdf. 
Accessed June 2022. 
Gilenya®. Summary of product characteristics. 2021. Available at: 
https://www.medicines.org.uk/emc/product/10357/smpc#gref. Accessed June 2022. 
Glatopa® Prescribing Information. 2022. Available at: 
https://www.glatopa.com/globalassets/glatopa-com/pdf/glatopa20_40_pi_2022.pdf. 
Accessed June 2022. 
Goode R, Chao B. Biological patent thickets and delayed access to biosimilars, an 
American problem. J Law Biosci. 2022;9(2):lsac022. doi: 10.1093/jlb/lsac022. 
Greenberg B, Hall S, Grabner M, et al. Multiple sclerosis relapse rates and healthcare 
costs of two versions of glatiramer acetate. Curr Med Res Opin. 2020;36(7):1167–1175. 
doi: 10.1080/03007995.2020.1760808. 
Gyllensten H, Kavaliunas A, Murley C, et al. Costs of illness progression for different 
multiple sclerosis phenotypes: A population-based study in Sweden. Mult Scler J Exp 
Transl Clin 2019;5(2):2055217319858383.  
Harding K, Williams O, Willis M, et al. Clinical outcomes of escalation vs early intensive 
disease-modifying therapy in patients with multiple sclerosis. JAMA Neurol 
2019;76(5):536–541.doi: 10.1001/jamaneurol.2018.4905. 
Hartung DM. The cost of multiple sclerosis drugs in the US and the pharmaceutical 
industry. Neurology 2015;84:2185–2192. doi: 10.1212/WNL.0000000000001608. 

                  



 

37 
 

Hartung DM. Economics and cost-effectiveness of multiple sclerosis therapies in the 
USA. Neurotherapeutics 2017;14(4):1018–1026. doi: 10.1007/s13311-017-0566-3. 
Hartung DM. Health economics of disease-modifying therapy for multiple sclerosis in 
the United States. Ther Adv Neurol Disord 2021;14:1–9. doi: 
10.1177/1756286420987031. 
Heredia E, Riberio A. Discounts offered by first and subsequent biosimilars in the 
US,EU and LATAM: Impact trends of originator starting price, market dynamics and 
regulations. Value in Health 2018;21:S1s268. PHP106. 
IMS Health for Healthcare Informatics. Delivering on the potential of biosimilar 
medicines. The role of functioning competitive markets. IMS Institute for Healthcare 
Informatics; 2016; Parsippany, NJ. Available at: 
https://www.medicinesforeurope.com/wp-content/uploads/2016/03/IMS-Institute-
Biosimilar-Report-March-2016-FINAL.pdf. Accessed June 2022. 
IQVIA. Biosimilars in the United States 2020–2024. Competition, savings, and 
sustainability. 2020. Available at: https://www.iqvia.com/-/media/iqvia/pdfs/institute-
reports/iqvia-institute-biosimilars-in-the-united-states.pdf?_=1658945705819. Accessed 
July 2022.  
Jacobs I, Singh E, Sewell KL, et al. Patient attitudes and understanding about 
biosimilars: An international cross-sectional survey. Patient Preference Adherence 
2016:10:937–948. 
Jørgensen KK, Olsen IC, Goll GL, et al. Switching from originator infliximab to biosimilar 
CT-P13 compared with maintained treatment with originator infliximab (NOR-SWITCH): 
A 52-week, randomised, double-blind, non-inferiority trial. Lancet. 
2017;389(10086):2304-2316. doi: 10.1016/S0140-6736(17)30068-5.  
Kalantar-Zadeh K. History of erythropoiesis-stimulating agents, the development of 
biosimilars, and the future of anemia treatment in nephrology. Am J Nephrol 
2017;45(3):235–247. doi:10.1159/000455387. 
Kanavos P, Tinelli M, Efthymiadou O, et al. Towards better outcomes in multiple 
sclerosis by addressing policy change: The International MultiPlE Sclerosis Study 
(IMPrESS). 2016. Available at: 
https://www.lse.ac.uk/business/consulting/reports/towards-better-outcomes-in-ms. 
Accessed June 2022. 
Kang H-N, Thorpe R, Knezeic I, et al. The regulatory landscape of biosimilars: WHO 
efforts and progress made from 2009 to 2019. Biologicals 2020;65:1–9. doi: 
10.1016/j.biologicals.2020.02.005. 
Kesimpta®. Prescribing information, 2020. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125326s070lbl.pdf. 
Accessed June 2022.  

                  



 

38 
 

Kesimpta®. Summary of product characteristics, 2021. Available at: 
https://www.medicines.org.uk/emc/product/12433/smpc/print/. Accessed June 2022.  
Kim HU, Alten R, Avedano L, et al. The future of biosimilars: Maximizing benefits across 
immune-mediated inflammatory diseases. Drugs 2020;80:99–113.DOI:10.1007/s40265-
020-01256-5 
Kobelt G, Thompson A, Berg J, et al. New insights into the burden and costs of multiple 
sclerosis in Europe. Mult Scler 2017;23(8):1123–1136. doi: 
10.1177/1352458517694432 
Kvien T, Patel K, Strand V. The cost savings of biosimilars can help increase patient 
access and lift the financial burden of health care systems. Semin Arthritis Rheum 
2022;151939. doi: 10.1016/j.semarthrit.2021.11.009. 
Lancet editorial: End of the road for daclizumab in multiple sclerosis. Lancet 
2018;391(10125):P1000. doi: 10.1016/S0140-6736(18)30565-8. 
Lemtrada®. Prescribing information, 2022. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/103948s5158lbl.pdf. 
Accessed June 2022.  
Lemtrada®. Summary of Product Characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/5409. Accessed June 2022.  
Linker RA, Chan A. Navigating choice in multiple sclerosis management. Neurol Res 
Pract 2019;1:5. doi: 10.1186/s42466-019-0005-5. 
MabThera®. Summary of Product Characteristics. 2021. Available at: 
https://www.medicines.org.uk/emc/product/3801. Accessed June 2022.  
Macaluso FS, Cummings JRF, Atreya R, et al. A systematic review on infliximab 
biosimilar SB2: From pre-clinical data to real-world evidence. Exp Opin Biol Ther 
2022;22(2):203–223. https://doi.org/10.1080/14712598.2021.1958778. 
Madsen C. The innovative development in interferon beta treatments of relapsing-
remitting multiple sclerosis. Brain Behav 2017;7(6):e00696. doi: 10.1002/brb3.696. 
Markus R, Liu J, Ramchandani M, et al. Developing the totality of evidence for 
biosimilars: Regulatory considerations and building confidence for the healthcare 
community. BioDrugs 2017;31:175–187. doi: 10.1007/s40259-017-0218-5 
Mavenclad®. Prescribing information, 2019. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/022561s000lbl.pdf. 
Accessed June 2022.  
Mavenclad®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/8435/. Accessed June 2022. 
Mayzent®. Prescribing information, 2022. Available at:  
https://www.novartis.us/sites/www.novartis.us/files/mayzent.pdf. Accessed June 2022.  

                  



 

39 
 

Mayzent®. Summary of product characteristics, 2022. Available at:  
https://www.medicines.org.uk/emc/product/11019/. Accessed June 2022.  
McCamish M, Yoon W, McKay J. Biosimilars: Biologics that meet patients’ needs and 
healthcare economics. Am J Manag Care 2016;22(suppl 13):S439–S442. 
McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and treatment of multiple 
sclerosis. JAMA 2021;325(8):765–779. doi: 10.1001/jama.2020.26858. 
Meher BR, Balan S, Mohantry RR, et al. Biosimilars in India: Current status and future 
perspectives. J Pharm Bioallied Sci 2019;11(1):12–15. doi:10.4103/jpbs.JPBS_167_18. 
Michels S, Zizer E, Fe Barth T, et al. Drug-induced liver injury associated with the 
biosimilars glatiramer acetate (Clift®). Mult Scler Relat Disord 2020;40:101948. doi: 
10.1016/j.msard.2020.101948. 
Mitoxantrone. Summary of product characteristics, 2016. Available at: 
https://www.medicines.org.uk/emc/product/3678/smpc. Accessed June 2022. 
Montalban X, Gold R, Thompson AJ, et al. ECTRIMS/EAN guideline on the 
pharmacological treatment of people with multiple sclerosis. Eur J Neurol 
2018;25(20):215–237. 
Moghadasi N, Biosimilars in Treatment of Multiple Sclerosis in Iran, Arch Iran Med. 
2021, Oct 1; 24(10):779-82 
Moorkens E, Vulto AG, Huys I. An overview of patents on therapeutic monoclonal 
antibodies in Europe: Are they a hurdle to biosimilar market entry? MAbs 2020; 12(1): 
e1743517. doi.org: 10.1080/19420862.2020.1743517. 
Moots R, Azevedo V, Coindreau JL, et al. Switching between reference biologics and 
biosimilars for the treatment of rheumatology, gastroenterology, and dermatology 
inflammatory conditions: considerations for the clinician. Curr Rheumatol Rep 
2017;19:37. DOI:10.1007/s11926-017-0658-4 
MS Society. My MS My Needs survey 2019. UK findings. 2019. Available at:  
https://www.mssociety.org.uk/sites/default/files/2020-08/MMMN3-UK-report.pdf. 
Accessed June 2022. 
Mulcahy AW, Predmore Z, Mattke S. The cost savings potential of biosimilar drugs in 
the United States. RAND Corporation website. 2014. Available at: 
https://www.rand.org/content/dam/rand/pubs/perspectives/PE100/PE127/RAND_PE127
.pdf. Accessed October 2022. 
Muraro OA, Pasquini M, Atkins H, et al. Long term outcomes after autologous 
hematopoietic stem cell transplantation for multiple sclerosis. JAMA Neurol 2017;74(4): 
459–469. doi:10.1001/jamaneurol.2016.5867. 

                  



 

40 
 

Müskens WD, Rongen-van Dartel SAA, va Riel PLCM, et al. Does etanercept biosimilar 
prescription in a rheumatology center bend the medication cost curve? J Rheumatol 
2021;48:1803–1809. doi:10.3899/jrheum.200565. 
National MS Society. Access to high quality MS healthcare principles. Available at: 
https://nms2cdn.azureedge.net/cmssite/nationalmssociety/media/msnational/advocacy/
access_to_care_brochure_2014_v04_cmyk_lowres_pgs.pdf. Accessed June 2022. 
Nava-Parada P, Shelbaya A, Nabhan C. Rituximab biosimilars in hematologic 
malignancies: The need for a real-world approach. Fut Oncol 2020;16:2017–2027. 
Nicholas J, Zhou H, Deshpande, C. Annual cost burden by level of relapse severity in 
patients with multiple sclerosis. Adv Ther 2021;38(1):758–771. doi: 10.1007/s12325-
020-01570-0. 
Nicholas RS, Heaven ML, Middleton RM, et al. Personal and societal costs of multiple 
sclerosis in the UK: A population-based MS Registry study. Mult Scler J Exp Transl Clin 
2020;6(1):2055217320901727. 
O’Connell K, Kelly SB, Fogarty E, et al. Economic costs associated with an MS relapse. 
Mult Scler Relat Dis 2014;3:678–683. doi: 10.1016/j.msard.2014.09.002.  
Ocrevus®. Prescribing information, 2021. Available at: 
https://www.gene.com/download/pdf/ocrevus_prescribing.pdf. Accessed June 2022.  
Ocrevus®. Summary of product characteristics, 2021. Available at: 
https://www.medicines.org.uk/emc/product/8898/smpc/. Accessed June 2022. 
Otremba B, Borchardt J, Kuske A, et al. Real-world use and acceptance of rituximab 
biosimilars in non-Hodgkin lymphoma in an oncologist network in Germany. Fut Oncol 
2020;16(15);1001–1012. 
Owens GM. Economic burden of multiple sclerosis and the role of managed care 
organizations in multiple sclerosis management. AJMC 2016;22;S151–S158. 
Papautsky EL, Carlson M, Johnson SE, et al. Characterizing experiences of 
non‑medical switching to trastuzumab biosimilars using data from internet‑based 
surveys with US‑based oncologists and breast cancer patients. Breast Cancer Res 
Treatment 2022;194:25–33. 
Perez T, Rico A, Boutière C, et al. Comparison of rituximab originator (MabThera®) to 
biosimilar (Truxima®). Mult Scler 2021;27(4):585–592. doi: 
10.1177/1352458520912170. 
Petruzzo M, Palladino R, Nardone A, et al. The impact of diagnostic criteria and 
treatments on the 20-year costs for treating relapsing-remitting multiple sclerosis. Mult 
Scler Relat Disord 2020;38:101514. doi: 10.1016/j.msard.2019.101514. 

                  



 

41 
 

Piezzo M, D’Aniello R, Avallone I, et al. Uptake of trastuzumab biosimilars for the 
treatment of HER2-positive breast cancer: A real-world experience from a cancer 
center.  Pharmaceutics 2021,13, 684. doi:10.3390/pharmaceutics13050684. 
Ponvory®. Prescribing information, 2021. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/213498s000lbl.pdf. 
Accessed June 2022. 
Ponvory®. Summary of product characteristics, 2021. Available at: 
https://www.medicines.org.uk/emc/product/12799/smpc. Accessed June 2022. 
Rebif®. Product information, 2006. Available at: 
https://www.ema.europa.eu/en/documents/product-information/rebif-epar-product-
information_en.pdf. Accessed June 2006. 
Rebif®. Prescribing information, 2021. Available at: https://www.emdserono.com/us-
en/pi/rebif-pi.pdf. Accessed June 2022. 
Reich DS, Lucchinetti CF, Calabresi PA. Multiple Sclerosis. N Engl J Med 
2018;378(2):169–180. doi:10.1056/NEJMra1401483. 
Riabni®. Prescribing information, 2020. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/761140s000lbl.pdf. 
Accessed June 2022.  
Riller Q, Cotteret C, Junot H, et al. Infliximab biosimilar for treating neurosarcoidosis: 
Tolerance and efficacy in a retrospective study including switch from the originator and 
initiation of treatment. J Neurol 2019;266:1073–1078. 
Rituxan®. Prescribing information. 2021. Available at: 
https://www.gene.com/download/pdf/rituxan_prescribing.pdf. Accessed June 2022.  
Rivera VM. Biosimilar drugs for multiple sclerosis: An unmet international need or a 
regulatory risk. Neurol Ther 2019;8:177–184. https://doi.org/10.1007/s40120-019-0145-
0. 
Rotstein D, Montalban X. Reaching an evidence-based prognosis for personalized 
treatment of multiple sclerosis. Nat Rev Neurol. 2019;15(5):287–300. doi: 
10.1038/s41582-019-0170-8. 
Sabatino Jr JJ, Mehta NJ, Kakar S, et al. Acute liver injury in a Glatopa-treated patient 
with MS. Neurol Neuroimmunol Neuroinflamm 2017;4:e368. doi: 
10.1212/NXI.0000000000000368. 
Samjoo IA, Worthington E, Drudge C, et al. Efficacy classification of modern therapies 
in multiple sclerosis. J Comp Effect Res 2021;19(6):495–507. 
https://doi.org/10.2217/cer-2020-0267. 

                  



 

42 
 

Schiestl M, Stangler T, Torella C, et al. Acceptable changes in quality attributes of 
glycosylated biopharmaceuticals. Nat Biotechnol. 2011;29(4):310–312. doi: 
10.1038/nbt.1839 
Schiestl M, Zabransky M, Sörgel F. The years of biosimilars in Europe: Development 
and evolution of regulatory pathways. Drug Des Devel Ther 2017;11: 1509–1515. 
doi: 10.2147/DDDT.S130318 
Schneider CK. Biosimilars in rheumatology: The winds of change. Ann Rheum Dis 
2013;72(3):315–318. doi: 10.1136/annrheumdis-2012-202941. 
Schreitmüller T, Barton B, Zharkov A, et al. Comparative immunogenicity assessment of 
biosimilars. Future Oncol 2019;15(3):319–329. 
Smith Simonsen C, Flemmen HØ, Broch L, et al. Early high efficacy treatment in 
multiple sclerosis is the best predictor of future disease activity over 1 and 2 years in a 
Norwegian population-based registry. Front Neurol 12:693017. doi: 
10.3389/fneur.2021.693017. 
Smolen JS, Goncalves J, Quinn M, et al. Era of biosimilars in rheumatology: reshaping 
the healthcare environment. RMD Open 2019;5:e000900. doi: 10.1136/rmdopen-2019-
000900. 
Spanou I, Mavridis, Mitsikostas DD. Nocebo in biosimilars and generics in neurology: A 
systematic review. Front Pharmacol 2019;10:809. doi: 10.3389/fphar.2019.00809. 
Stankiewicz JM, Weiner HL. An argument for broad use of high efficacy treatments in 
early multiple sclerosis. Neurol Neuroimmunol Neuroinflamm 2020;7(1). DOI: 
10.1212/NXI.0000000000000636. 
Tecfidera®. Prescribing information, 2022. Available at: 
https://www.tecfidera.com/content/dam/commercial/tecfidera/pat/en_us/pdf/full-
prescribing-info.pdf. Accessed June 2022.  
Tecfidera®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/5256/smpc. Accessed June 2022.  
Torgauten HM, Myhr KM, Wergeland S, et al. Safety and efficacy of rituximab as first- 
and second line treatment in multiple sclerosis – A cohort study. Mult Scler J Exp Transl 
Clin 2021;7(1): 2055217320973049. 
Tysabri®. Prescribing information, 2021. Available at: 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/125104s0576lbl.pdf. 
Accessed June 2022.  
Tysabri®. Summary of Product Characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/12443/smpc. Accessed June 2022.  

                  



 

43 
 

Vandenplas Y, Barbier L, Simoens S, et al. Perceptions about biosimilar medicines 
among Belgian patients in the ambulatory care. Front Pharmacol 2022;12:789640. doi: 
10.3389/fphar.2021.789640. 
Vumerity®. Prescribing information, 2022. Available at: 
https://www.vumerity.com/content/dam/commercial/vumerity/pat/en_us/pdf/vumerity-
prescribing-information.pdf. Accessed June 2022. 
Vumerity®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/13087/smpc/. Accessed June 2022. 
Weinstock-Guttman B, Nair KV, Glajch JL, et al. Two decades of glatiramer acetate: 
From initial discovery to the current development of generics. J Neurol Sci 
2017;376:255–259. doi: 10.1016/j.jns.2017.03.030. 
Wiendl H, Gold R, Berger T, et al. Multiple Sclerosis Therapy Consensus Group 
(MSTCG): position statement on disease-modifying therapies for multiple sclerosis 
(white paper). Ther Adv Neurol Disord 2021;14:1–39. 
doi/10.1177/17562864211039648. 
Wiland P, Batko B, Brzosko M, et al. Biosimilar switching – current state of knowledge. 
Reumatologia 2018;56(4): 234–242. DOI: https://doi.org/10.5114/reum.2018.77975. 

Yang J, Blinzler K, Lankin J, et al. Evolving perceptions, utilization, and real‑world 
implementation experiences of oncology monoclonal antibody biosimilars in the USA: 
Perspectives from both payers and physicians. BioDrugs 2022;36(1):71–83. doi: 
10.1007/s40259-021-00509-3. 
Zarxio®. Prescribing information, 2021. Available at: 
https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=c0d1c22b-566b-4776-
bdbf-00f96dad0cae&type=display. Accessed June 2022.  
Zeposia®. Prescribing information, 2022. Available at: 
https://packageinserts.bms.com/pi/pi_zeposia.pdf. Accessed June 2022. 
Zeposia®. Summary of product characteristics, 2022. Available at: 
https://www.medicines.org.uk/emc/product/11906/smpc. Accessed June 2022.  
Zhao L, Ren T, Wang DD. Clinical pharmacology considerations in biologics 
development. Acta Pharmacol Sin 2012;33:1339–1347. 
 
 
 
 
 
 
 

                  



 

44 
 

Graphical abstract  
 

 
 
 
 

Role of Funding Source 

 

Funding Source: Hexal AG (a Sandoz Company) 
 
Role of Source: Hexal funded graphic and figure formation, coordination of drafting and 

editing processes. Drs. Greenberg and Giovannoni are responsible for the 
content and final approval. 

 
Declarations of Interest  
 
Benjamin Greenberg has received consulting fees from Alexion, Novartis, EMD Serono, 
Horizon Therapeutics, Genentech/Roche, Signant, IQVIA, Sandoz, Genzyme, 
Immunovant and PRIME Education. He has received grant funding from NIH, Anokion, 
Clene Nanomedicine, and Regeneron. He serves as an unpaid member of the board of 
the Siegel Rare Neuroimmune Association. He receives royalties from UpToDate. 
 
In the last two years, Gavin Giovannoni has received compensation for serving as a 
consultant or speaker for, or has received research support from AbbVie, Aslan, Atara 
Bio, Biogen, BMS-Celgene, GlaxoSmithKline, Janssens/J&J, Japanese Tobacco, Jazz 
Pharmaceuticals, LifNano, Merck & Co, Merck KGaA/EMD Serono, Moderna, Novartis, 
Sanofi and Roche/Genentech. 
 

                  


