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ABSTRACT

Background: Multiple sclerosis (MS) places substantial socioeconomic burden on patients due to its early onset and progressive
nature, but healthcare systems are also impacted by the high costs of disease-modifying treatments (DMTs). The use of generics
(for conventional drugs), biosimilars (for biologics) or follow-on versions of non-biologic complex drugs (NBCDs) can help to
reduce the cost of MS care and improve patient access. This review describes the European regulatory processes for these DMT
‘copies’ and the available data in people with MS.

Methods: A PubMed literature search was undertaken in March 2024, using the terms ‘biosimilar’, ‘generic’, ‘non-biologic com-
plex drug’, ‘NBCD’ and ‘follow-on’ in association with ‘multiple sclerosis’.

Results: Our literature search identified three clinical studies with generic treatments for MS (two with generic fingolimod
and one with generic dimethyl fumarate), 11 studies with biosimilars (eight with biosimilar interferon formulations, one with
natalizumab and two with rituximab biosimilars) and six studies with follow-on glatiramer acetate. The data showed that the
generics, biosimilars and follow-on NBCDs had similar clinical efficacy and tolerability profiles to the originator drugs, although
the quality and quantity of the research varied between DMTSs.
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Conclusions: In Europe, there are robust regulatory processes for generics, biosimilars and follow-on NBCDs, in order to ensure

that these agents can be considered equally effective and safe as the originator DMT. Physicians caring for people with MS should
familiarise themselves with the evidence so that they can have informed conversations about the potential use of these agents.

1 | Introduction

Multiple sclerosis (MS) is a chronic progressive disease with onset
usually in early to mid-adulthood. The global average age at MS
onset is 32years [1], although this appears to be increasing over
time [2-4]. Because of the early age at onset and the progressive
clinical course, the lifetime burden of MS is considerable for the af-
fected individual, their families and society [1]. Both direct and in-
direct medical costs are high because the working lives of patients
are often affected by symptoms, relapses and/or disability [5], and
these costs increase over time as patients accrue disability [6].

Disease-modifying treatments (DMTs) have significantly im-
proved the lives of people with MS (PwMS) by reducing the
frequency of relapses and slowing disability progression [7].
However, DMTs are a major contributor to the economic burden
of MS, with recent estimates that drug costs account for 60%-
90% of the direct healthcare costs associated with treating MS
[6, 8]. Other direct healthcare costs of MS include those associ-
ated with hospitalizations, outpatient services, diagnostics and
medical procedures, while indirect healthcare costs include the
productivity losses associated with increasing absenteeism and
progressive disability in PwMS.

Many of the original DMTs used for MS have come off patent,
allowing the development of generics (for conventional small-
molecule drugs), biosimilars (for biologics) or follow-on versions of
non-biologic complex drugs (NBCDs). The cost of developing these
agents is lower than the cost of developing the originator product,
and the use of generics, biosimilars or follow-on NBCDs can sub-
stantially reduce the overall cost of MS care for payers [5, 9, 10].

The regulatory process for DMT ‘copies’ differs depending on
whether the agent is a generic (such as teriflunomide, dimethyl
fumarate [DMF] or fingolimod), a biosimilar (such as interferon
[IFN] formulations or natalizumab) or a follow-on NBCD (such
as glatiramer acetate [GA]). The aim of this article is to explain
and clarify the terminology and European regulatory processes
for these DMT copies, and describe the clinical data for these
agents, so that neurologists and PwMS can make informed
treatment decisions.

2 | Methods

A search of the PubMed database was undertaken on 4 March
2024, using the terms: ‘biosimilar’, ‘generic’, ‘non-biologic com-
plex drug’, ‘NBCD’ and ‘follow-on’ in association with ‘multiple
sclerosis’. No date limits were set. The titles and abstracts were
reviewed for relevance. Only articles examining the use of drugs
for relapsing-remitting MS (RRMS) currently available in the
European Union (EU) were included. Articles describing studies
that were conducted in countries outside Europe were consid-
ered for inclusion because the results of such studies are relevant

to this review. However, it is acknowledged that the character-
istics of the healthcare systems, patient populations and drug
manufacturing standards in non-European countries may differ
from those in European countries. Review articles were eval-
uated for inclusion, but the ‘Clinical considerations’ section of
this article included only clinical studies.

3 | Definitions

The European Medicines Agency (EMA) definition for a generic
drug is “.. a medication that is developed to be the same as a medi-
cine that has already been authorised. Its authorisation is based on
efficacy and safety data from studies on the authorised medicine”
[11]. The United States (US) Food and Drug Administration (FDA)
definition is a little more detailed, stating that a generic is “.. a drug
created to be the same as an already marketed brand-name drug in
dosage form, safety, strength, route of administration, quality, per-
formance characteristics, and intended use” [12].

Biologic drugs are produced by biological organisms. They are
more complex molecules than synthetic drugs and there is an in-
herent degree of minor variability (microheterogeneity) between
molecules. Therefore, it is not possible to manufacture a biologic
that is identical to the originator (unlike a synthesised generic
molecule) [13]. Hence, the term ‘biosimilar’ is used to refer to a
follow-on version of a biologic treatment. The EMA defines a bi-
osimilar as “.. a biological medicine highly similar to another bi-
ological medicine already approved in the EU (called ‘reference
medicine’) in terms of structure, biological activity and efficacy,
safety and immunogenicity profile (the intrinsic ability of proteins
and other biological medicines to cause an immune response)” [13].

NBCDs are neither small-molecule synthetic drugs nor biologic
agents [14]. Instead, they comprise high-molecular weight mole-
cules and nanoparticular elements, such as liposomes or copolymer
micelles. Because the whole complex is the active pharmaceutical
ingredient, it is impossible to fully characterise the molecular and
pharmacological properties of an NBCD using only physicochem-
ical analysis [15]. The ‘generic’ versions of NBCDs are often called
‘follow-on’ products, since they do not meet the criteria for generics
or biosimilars; the term ‘follow-on NBCD’ is used throughout this
article. There is no official definition for a follow-on NBCD, but
manufacturers must have a robust process to reliably reproduce a
product with the same biofate (i.e., the same biological activity and
pharmacokinetic properties) as the originator product [15].

Table 1 shows the DMTs typically used in the treatment of MS
in Europe, including those that have generic, biosimilar and
follow-on versions, identified by a search of the EMA website
(https://www.ema.europa.eu/en/homepage). Information on
DMTs available for use in the US, as identified from a search
of the FDA website (https://www.fda.gov/), is included for
comparison.
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Follow-on version
(trade names [indicated

Follow-on version (trade names

Originator brand

Disease-modifying

treatment

[indicated by] or company)

(company)

by] or company)

Originator brand (company)

Truxima, Ruxience, Riabni

Rituxan (Genentech)

Truxima Ritemvia, Rixathon,

MabThera (Roche)

Rituximab

Riximyo, Blitzima

Briumvi (TG Therapeutics)

Briumvi (Neuraxpharm)

Ublituximab

Ocrevus (Genentech)

Ocrevus (Roche)

Ocrelizumab

Kesimpta (Novartis)

Kesimpta (Novartis)

Ofatumumab

Non-biologic complex drugs

Mylan and Sandoz

Copaxone (Teva)

Not approved

Glatiramer acetate

Abbreviations: BMS, Bristol Myers Squibb; EMA, European Medicines Agency; IFN, interferon; PEG, pegylated; US FDA, United States Food and Drug Administration.

4 | Regulatory Requirements
4.1 | Generics

In Europe, generics may be approved centrally by the EMA or
via decentralised processes (i.e., national approval in a single
EU member state and then expanded to other countries via the
mutual recognition procedure, or simultaneous applications in
more than one EU member state). The application does not re-
quire preclinical and clinical studies for the generic agent, but
must include bioequivalence study data [16].

The term ‘bioequivalence’ means no significant difference in
plasma exposure (defined by maximal plasma concentration
[C,.x] and area under the concentration-time curve [AUC])
between the generic and the originator, using appropriate bio-
availability studies [16]. In Europe, bioequivalence is judged
according to the ratio of the test product's and reference prod-
uct's C_,. and AUC. For the two products to be considered bio-
equivalent, the lower bound of the 90% confidence interval (CI)
for the ratio must be >80.00% and the upper bound <125.00%
[17]. For agents with a narrow therapeutic index, where small
dose changes can greatly impact clinical outcomes, the EMA
recommends tightening the acceptable lower and upper bounds
to >90.00% and <111.11%, respectively [17]. Overall, bioequiva-
lence studies must demonstrate minimal difference in the mean
exposure of a generic versus its originator in a well-defined
population.

The approval of a generic drug in Europe will include all li-
censed indications as approved for the originator product [16].

4.2 | Biosimilars

As described earlier, the microheterogeneity of biologic med-
icines makes it impossible to manufacture a biosimilar that is
identical to the originator [13]. Because of this key difference
between biosimilars and generic medicines, the regulatory
requirements for approval are not the same (Table 2) [13]. In
Europe, all biosimilars must be approved centrally by the EMA;
they cannot be approved in individual member states using de-
centralised processes.

Manufacturers of biosimilars must demonstrate that minor
variability (between the biosimilar and its originator, and also
between batches of the biosimilar product) does not affect the
efficacy or safety of the biosimilar [13]. The main sources of vari-
ability in biologic drugs are post-translational modifications and
protein aggregate content.

Common post-translational modifications include glycosylation
(i.e., sugar molecules attached to the protein), phosphorylation,
oxidation, lipidation, sulphation, the formation of disulphide
bonds and deamidation [18]. Small differences in glycosylation
patterns are permitted [13], but any differences in terminal
amino acid residues must be shown to have no biological rele-
vance to safety or efficacy [19].

The biosimilar and originator biologic must show the same
primary amino acid sequence and the same protein folding
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TABLE 2 | Comparison of the characteristics and development of generic drugs and biosimilars [13].

Generic medicines

Biosimilars

Usually produced by chemical synthesis

Generally possible to obtain exactly the same
molecule

Mostly smaller molecules, easier to characterise

Full data requirements on pharmaceutical quality

Development based on demonstration of
bioequivalence (i.e., that the generic and the reference
medicine release the active substance into the body

at the same rate and to the same extent under similar
conditions)

Clinical data requirements are mainly
pharmacokinetic bioequivalence studies

All indications approved for the reference

medicine can be granted based on demonstrated
bioequivalence, without the need for further clinical
data

Obtained from a biological source

Possible to produce a molecule to a high degree of similarity due to
unique biomanufacturing methods and natural biological variability

In general, larger, structurally more complex molecules, which
require multiple technologies for their characterisation

Full data requirements on pharmaceutical quality, plus
additional quality studies comparing the structure and biological
activity of the biosimilar with the reference medicine

Development based on demonstration of biosimilarity
using comparability studies (comprehensive head-to-head
comparison of the biosimilar with the reference medicine

to show high similarity in chemical structure, biological
function, efficacy, safety and immunogenicity)

In addition to comparative pharmacokinetic and
pharmacodynamic studies, safety and efficacy may be required,
particularly for more complex biological molecules

Efficacy and safety have to be justified in each indication. However,
confirmatory clinical trials with the biosimilar are usually not
needed in every indication that has been approved for the reference
medicine. After demonstration of biosimilarity, extrapolation
of data to other indications is possible if the scientific evidence
available addresses all specific aspects of these indications

pattern [13], using 3-dimensional structural characterisation
[18]. Quality analysis must demonstrate that post-translational
modifications are similar in the biosimilar and originator bi-
ologic using mass spectrometry and peptide mapping, and
specifically that protein folding has not been affected by post-
translational modifications [18, 19].

Protein aggregates are a concern in biologic products because
they may affect immunogenicity and toxicity [18]. Therefore,
the biosimilar must be tested for the presence of aggregates,
commonly using size exclusion chromatography or spectrome-
try [18].

The complexity of the molecules and formulations means that
the regulatory process for biosimilars usually requires the fol-
lowing information [13, 18]: (1) the pharmaceutical quality of
the biosimilar; (2) biosimilarity with the originator biologic in
comparative non-clinical studies (chemical structure, biological
function/activity); (3) clinical comparability (pharmacokinet-
ics, pharmacodynamics, efficacy, safety, immunogenicity); and
(4) a risk management plan. Deviations from this approach are
possible but need to be discussed with the EMA upfront. Some
differences in posology and route of administration between
the biosimilar and the originator biologic may be allowed if this
has no effect on the efficacy and safety of the biosimilar [13].

Compared with the regulatory process for an originator bi-
ologic, the regulatory process for a biosimilar requires more
preclinical research to demonstrate comparability and less
clinical research (Figure 1) [20]. Efficacy and safety of the

biosimilar must be justified for each indication but not neces-
sarily demonstrated (i.e., efficacy and safety in one indication
is commonly extrapolated to others after demonstrating bio-
similarity) [13].

The risk management plan is important for ensuring long-term
consistency of product manufacturing. With any biologic med-
icine (originator or biosimilar), there is a risk of “drift” in bio-
logical properties. A major example of drift was identified with
trastuzumab for breast cancer, whereby drift led to changes in
the properties of the biologic which negatively affected its cy-
totoxicity and efficacy [21]. Therefore, ongoing monitoring of
batch consistency and product safety is important for both orig-
inator and biosimilar biologics.

4.3 | Follow-On NBCDs

Follow-on NBCDs are neither biologics nor small-molecule
pharmaceuticals, and there is no specific regulatory process
for their approval [22]. In Europe, follow-on NBCDs may be
approved via decentralised processes [22], similar to generics.
However, regulatory approval tends to follow the procedure
for biosimilars more closely, in which sensitive methods are
required to comprehensively characterise physicochemical
characteristics and demonstrate the equivalent quality of the
complex molecules in the originator and the follow-on NBCD
[23]. In 2021, the FDA and EMA launched a pilot program to
align the regulatory evaluations for follow-on NBCDs in the US
and Europe, in order to optimise the application process [24].
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Differences in the regulatory processes for generics, biologics
and follow-on NBCDs affect their availability. The availability
of biosimilars, which must be approved centrally, is consistent
throughout the EU, but the availability of generics and follow-on
NBCDs may differ between European countries.

5 | Clinical Considerations
5.1 | Generics

Our literature search identified three clinical studies of generic
treatments for MS: two with generic fingolimod and one with
generic DMF [25-27]. In all three studies, PwMS were switched
to the generic DMT from another form of DMT; in other words,
none were switched from the originator to the generic [25-27].

The two studies with fingolimod were conducted in Turkey and
were retrospective analyses of PwWMS who received generic fingo-
limod in real-world clinical practice for at least 1year (n=263) [26]
or at least 2years (n=>508) [27]. In both studies, generic fingolimod
demonstrated similar efficacy and safety to the reported efficacy
and safety of originator fingolimod in clinical trials. However,
neither study included a comparator or control group, so no direct
comparisons with the originator molecule could be made [26, 27].

The analysis of generic DMF was undertaken in Iran and was an-
other real-world retrospective analysis without a control group
[25]. Generic DMF was effective in controlling relapses and
maintaining Expanded Disability Status Scale (EDSS) scores.
Overall, 15/142 patients (10.5%) discontinued treatment within
a year, mostly because of adverse events (AEs; 8/15; 53.3%), but
also because of relapse (5/15; 33.3%) or pregnancy (2/15; 13.3%)

[25]. The authors note that the observed discontinuation rate
was lower than has been reported in many other DMF studies,
possibly because they slowly titrated the dose to minimize early
gastrointestinal (GI) AEs [25].

In 2023, a report was received of a 50-year-old patient on teri-
flunomide who was switched from the originator (Aubagio) to
a generic product [28]. Two months later she had experienced
abdominal numbness and tingling, and leg muscle weakness.
Independent laboratory testing revealed that, in comparison
to two other generic products (that contained 99.1%-101.2%
teriflunomide) or Aubagio (100.8% teriflunomide), the generic
product that the patient had been taking contained 55.5% teri-
flunomide. This is well below the FDA specifications for the
content of teriflunomide tablets [28].

5.2 | Biosimilars

We identified eight clinical studies with biosimilar IFN formu-
lations [29-36], one with natalizumab [37] and two with ritux-
imab [38, 39]. Seven of these studies (four with IFN-81a and one
each with IFN-£1b, natalizumab and rituximab) prospectively
compared the biosimilar with the originator biologic and are
summarised in Table 3.

5.2.1 | Interferon-fla

Two comparative studies used intramuscular (IM) IFN-Bla
(Avonex) and its biosimilar (CinnoVex) and reported the data in
three publications [29, 34, 36]. There were no statistically sig-
nificant differences between the originator IFN-Bla and the
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Key results
Both GA formulations were significantly
better than placebo for primary
endpoint (p <0.001); no significant
differences in efficacy or safety
outcomes for generic vs. originator GA
Both GA formulations were significantly
better than placebo for all efficacy
endpoints (p <0.05); no significant
differences in efficacy or safety
outcomes for generic vs. originator GA

Major endpoints
MRI parameters
during months
7-9, ARR, EDSS
MRI parameters,
EDSS, MSFC

Duration
(months)
11.14

357 vs. 353 vs. 84
61 vs. 61 vs. 28

Treatments
Copaxone vs. generic
GA vs. placebo
Copaxone vs. BCD-
063 vs. placebo

Design
R, DB, PC
R, DB, PC

(Continued)

|
Cohen et al. 2015 [40]
Boyko et al. 2016 [41]

Reference

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; ARR, annualised relapse rate; AST, aspartate aminotransferase; DB, double-blind; EDSS, Expanded Disability Status Scale; GA, glatiramer acetate; IFN, interferon;

MRI, magnetic resonance imaging; MSFC, Multiple Sclerosis Functional Composite; MSQoL54, Multiple Sclerosis Quality of Life 54-item Questionnaire; NAb, neutralising antibody; NR, not reported; OL, open-label; PC, placebo-

controlled; QoL, quality of life; R, randomised.
CPatients initiated on rituximab between December 2015 and October 2017 received originator rituximab (MabThera) and those initiated on rituximab after October 2017 until June 2018 received the biosimilar (Truxima).

apatients initiated on IFN-B1b between February 2008 and February 2010 received originator IFN-f1b (Betaferon) and those initiated on IFN-B1b from March 2010 through March 2012 received the biosimilar (Ronbetal).
d48 weeks.

TABLE 3
b44weeks.

biosimilar in terms of quality of life (QoL), EDSS scores, mag-
netic resonance imaging (MRI) parameters or neutralising an-
tibody development over 12-24 months [29, 34, 36]. The biologic
and biosimilar showed similar tolerability and safety profiles,
but one study reported a higher incidence and duration of some
AEs (specifically, arthralgia, oral ulcers, headache and increases
in liver enzymes) in patients receiving the originator biologic
compared with those receiving the biosimilar (p <0.05) [34].

A non-comparative observational study with an IM IFN-Bla
biosimilar (Genfaxon) showed that it was well tolerated over
12months of treatment, but was better tolerated in patients who
were naive to DMTs than in those who had previously received
any DMT [30].

One study compared subcutaneous IFN-Bla (Rebif) with the
biosimilar Teberif and showed comparable and stable effects of
the two products on MRI parameters and disability status over
2years of treatment [31].

5.2.2 | Interferon-f1b

In the single prospective comparative study, the IFN-f1b biosim-
ilar Ronbetal had similar efficacy to its originator (Betaferon) in
terms of relapse rate and EDSS scores, but a significantly higher
proportion of patients receiving Ronbetal versus Betaferon de-
veloped transient flu-like symptoms during treatment (89.6%
vs. 50.9%; p<0.05) [32]. A key limitation of this study was that
patients were enrolled consecutively into the two treatment
groups (i.e., all received Betaferon in the first 2years and then
all received Ronbetal over the next 2years), which could have
introduced bias.

In the non-comparative or retrospective studies, the biosimilar
Infibeta was reported to have good efficacy and tolerability over
52weeks in 123 adults with MS [35], and over 15-35 (median
26.7) months of treatment in nine adolescents with paediatric-
onset MS (aged 14-17years) [42]. Russian researchers con-
ducted a retrospective analysis of outcomes in PwMS receiving
Infibeta (n=95), originator IFN-B1b (n=108), the IFN-{1a bio-
similar Genfaxon-44 (n=83), the IFN-#1a biosimilar CinnoVex
(n=109) or the GA follow-on Aksoglatiran FS (n=105) [33]. For
most endpoints (including annual relapse rates, EDSS score, the
proportion of patients without disease activity on MRI, and the
proportion of patients with no evidence of disease activity based
on combined relapse, EDSS and MRI parameters [NEDA-3] at
12 and 24 months), Infibeta demonstrated effectiveness that was
generally comparable with originator IFN-1b or Genfaxon-44,
and greater than CinnoVex or Aksoglatiran FS. Flu-like syn-
drome was least common in the groups receiving Infibeta or
CinnoVex, and injection reactions were most common in the
groups receiving Genfaxon-44 or Aksoglatiran FS [33].

5.2.3 | Monoclonal Antibodies

The natalizumab biosimilar PB006 was compared with origi-
nator natalizumab in the well-designed Antelope study. This
was a phase 3, randomised, double-blind, comparative trial in
264 patients with RRMS [37]. Treatment was for 44 weeks and
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observation for 48weeks, although patients in the originator
natalizumab group were re-randomised at week 24, and 30 pa-
tients were switched to PB006. The primary endpoint was the
cumulative number of new active lesions on MRI at week 24,
defined as new gadolinium-enhancing T1-weighted lesions and
new/enlarged T2-weighted lesions. No statistically significant
differences were noted between the PB006 group and natali-
zumab group in the primary endpoint, with a least squares mean
number of new active lesions of 0.34 in the PB006 group and 0.45
in the natalizumab group; the difference of 0.17 (95% CI —0.61,
0.94) was within the prespecified margins for equivalence [37].
There were also no significant differences between PB006 and
natalizumab in any of the secondary efficacy endpoints (other
MRI parameters, EDSS score, relapses), safety or tolerability as-
sessments, or immunogenicity parameters (anti-drug antibodies
or neutralising antibodies) [37].

Rituximab is used off-label in MS. Our search identified one
comparative study and one observational study with rituximab
biosimilars [38, 39]. The comparative study, conducted in France,
used a non-randomised design; consecutive patients enrolled
between December 2015 and October 2017 received originator
rituximab and those enrolled after October 2017 until June 2018
received the biosimilar (Truxima) [39]. There were no statisti-
cally significant differences between originator rituximab and
the biosimilar in terms of CD19+ lymphocyte counts, clinical or
MRI parameters, or the incidence of AEs [39]. An observational
study from Iran showed that the rituximab biosimilar Zytux was
effective and well tolerated in PwWMS, but no comparison was
made with originator rituximab [38].

Alemtuzumab, ublituximab, ocrelizumab and ofatumumab
are approved monoclonal antibodies for the treatment of MS in
Europe [43]. Alemtuzumab was approved by the EMA in 2015
as a treatment for RRMS in both treatment-naive patients and
those who experience breakthrough disease while on DMTs.
Efficacy and safety have been demonstrated long-term [44];
however, no biosimilars have been developed. Similarly, there
have been no biosimilars of ocrelizumab, ofatumumab or ub-
lituximab since their approvals by the EMA in 2018, 2021 and
2023, respectively (Table 1).

5.3 | Follow-On NBCDs

Six studies with follow-on GA were identified: two were ran-
domised, double-blind, placebo-controlled studies (Table 3)
[40, 41] and four were observational studies, including a Russian
study comparing follow-on GA with originator IFN-{1b and bi-
osimilars of IFN-B1a and IFN-f1b described earlier [33, 45-47].

Both double-blind, placebo-controlled studies showed that the
originator and follow-on GA were significantly more effective
than placebo across a range of endpoints, including MRI param-
eters [40, 41]. Two separate follow-on forms of GA were used in
these studies: one manufactured by Synthon [40] and one made
by BIOCAD [41]. In both studies, there were no differences be-
tween the originator GA and follow-on GA in terms of any of the
clinical efficacy endpoints or AE profile [40, 41]. In a separate
observational study, the BIOCAD follow-on GA (Timexon) was
also shown to slow neurodegeneration in the retina (n=19) [47].

The retrospective observational Russian study described earlier
suggested that follow-on GA (Aksoglatiran FS; Nativa) was less
effective than originator IFN-f1b and biosimilars of IFN-f1a
and IFN-B1b [33]. An observational study from Iran showed
that the follow-on GA made by the Zahravi Pharmaceutical
Company (Copamer) was generally well tolerated among PwWMS
and had a tolerability profile similar to the published profile of
the originator GA [45]. Adherence with follow-on GA was high,
with only 8% of patients discontinuing treatment within 1year.
This is much higher adherence than has been reported in the
US, where a database analysis of real-world use indicated that
only 61.9% of patients were adherent to follow-on GA (Glatopa);
most patients who discontinued follow-on GA in the database
analysis did so within 4 months of starting it [46].

6 | Role of Biosimilars, Generics and Follow-On
NBCDs in MS

The data described above show that generics, biosimilars and
follow-on NBCDs have similar clinical efficacy and tolerabil-
ity profiles to the originator drugs, although the quality and
quantity of the research vary between DMTs. This may reflect
differences in the regulatory requirements for generics, biosim-
ilars and follow-on NBCDs since biosimilars typically require
clinical studies to demonstrate clinical comparability, whereas
generics and follow-on NBCDs may not.

The reduced costs of biosimilars, generics and follow-on NBCDs
versus originator products, and consequent competitive lower-
ing of the price of originators, may improve access to DMTs for
PwMS. However, depending on the product, the cost savings as-
sociated with biosimilars, generics and follow-on NBCDs may be
modest [48, 49], because the complexities created by introducing
these products in the market can create constraints and com-
petition between products, as well as consumer surpluses [50].

Surveys indicate that most healthcare professionals are willing
to prescribe biosimilars, but would prefer to initiate treatment
with one rather than switch a patient who is stable on a biologic
to a biosimilar [51, 52]. In surveys with physicians, some have
expressed concern about a lack of experience or confidence with
prescribing biosimilars [52, 53]. Others report being worried
about indication extrapolation; for example, the effect of a bi-
osimilar on MRI parameters in MS may not be demonstrated if
the biosimilar approval was based on efficacy in another indica-
tion [54]. In the EU, indication extrapolation must be justified
based on the totality of the evidence and an identical mechanism
of action across indications [55]. Another EU requirement is that
equivalence and clinical comparability have been demonstrated
in the most sensitive indication [55].

Another fear physicians have about biosimilars is that a switch
will be made at the pharmacy without consultation (automatic
substitution) [51], as can happen with generic drugs. The
EMA states that “.. once a biosimilar is approved in the EU
it is interchangeable, which means the biosimilar can be used
instead of its reference product (or vice versa) or one biosimilar
can be replaced with another biosimilar of the same reference
product” [56]. In the EU, each member state is responsible for
legislation regarding automatic substitution, so neurologists
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are encouraged to familiarise themselves with the national
policy. Some of these policies require the authorisation of the
responsible physician. An additional concern by the authors
of this review is that new biosimilars enter the market after
being compared to the originator; however, biosimilars have
not been tested against each other.

Some data suggest that patient adherence is lower with generic
than with originator medications in MS [57], but the reasons
for poor adherence are complex and multifactorial and may be
influenced by some of the same socioeconomic variables (e.g.,

treatment affordability) that influence the selection of a generic
medication [58-60].

An international consensus group endorsed by the European
MS Platform has developed consensus recommendations for
the prescribing of generics, biosimilars and follow-on NBCDs in
Europe (Table 4) [54]. The overarching principles of these recom-
mendations are that PwMS and clinicians should jointly decide
on drug treatment for MS; treatment decisions should consider
the context of the specific healthcare system to increase afford-
ability and overall access to DMTs; and PwWMS and clinicians

TABLE 4 | Consensus recommendations on follow-on disease-modifying treatments for multiple sclerosis by a multinational task force and

endorsed by the European Multiple Sclerosis Platform [54].

Consensus recommendations

LOE* Grade®

Evidence

FO-DMTs should be supported by rigorous analytical, biofunctional and clinical data, as appropriate, for the 5 D

therapeutic target(s) of each compound

The data generated to characterise the FO-DMT should be published in peer-reviewed journals 5 D

Treatment and access

FO-DMTs represent an effective option of the management of MS, intended to reduce treatment costs and 5 D
improve access to DMTs for PwMS

FO-DMTs approved in highly regulated areas are intended to be used in the same way as the reference 1b D
product

Adverse reactions and inadequate treatment response to an FO-DMT are anticipated to occur at the same 1b B
frequency as with the reference product

Switching from the reference product to an FO-DMT is appropriate when the FO-DMT has undergone 1b D
appropriate testing and regulatory review in a highly regulated area

Scientific and clinical evidence is lacking for multiple switching and cross-switching among FO-DMTs 5 D
containing the same compound

Purported FO-DMTs only approved outside of highly regulated area might not have undergone rigorous 5 D
testing and review

At minimum, any decision to substitute DMTs at the pharmacy level should be actively communicated to 5 D
PwMS and the prescribing clinician

Vigilance and acquisition of new data

Pharmacovigilance data should be sought in the same way for FO-DMTs and the reference product, and 5 D
reported transparently in a timely manner

The trade name of any DMT formulation should be recorded in the patient files to allow tracking of adverse 5 D
reactions or inadequate treatment response

FO-DMTs should be supported by long-term pharmacovigilance data. This should be supplemented 5 D
by registries involving the relevant stakeholders (manufacturer, healthcare professionals and patients’

associations)

Companies bringing FO-DMTs to the market should commit to improving patient care by acquiring new 5 D

scientific data beyond that which is required as a minimum to satisfy regulatory authorities, namely, on

long-term outcomes and switching

Note: Brownlee WJ, Wolf C, Hartung HP, Dingermann T, Anshasi N, Clark RA, Trojano M, Selmaj K, Uitdehaag BM, Tur C, Wuerfel J, Dallmann G, Witte J, Sintzel M,
Bobrovnikova O, Cohen JA. Multiple Sclerosis Journal (28 [14]) pp. 2177-2189. Copyright 2022 by The Authors. Reprinted by Permission of Sage Publications.
Abbreviations: DMT(s), disease-modifying treatment(s); FO-DMT(s), follow-on disease-modifying treatment(s); LOE, level of evidence; MS, multiple sclerosis; PwMS,

people with multiple sclerosis.

20xford Centre for Evidence-Based Medicine level of evidence: 1b, individual randomised controlled trial; 5, expert opinion without explicit critical appraisal, or based

on physiology, bench research or ‘first principles’.

bGrade of recommendation: A, based on consistent level 1 evidence; B, based on consistent level 2 or 3 evidence or extrapolations from level 1 studies; C, level 4 studies
or based on extrapolations from level 2 or 3 studies; D, level 5 evidence or troublingly inconsistent or inconclusive studies of any level.
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should be offered clear information about the approval process
for follow-on DMTs in their area. The consensus group states
that registration of a follow-on DMT in a highly regulated area
(such as the EU) means that it is as efficacious and safe as the ref-
erence product when used in accordance with the label informa-
tion. However, the consensus group also notes the responsibility
of manufacturers to quickly provide pre-approval analytical,
biofunctional and clinical data, as well as post-approval phar-
macovigilance data for public review, so that physicians have
the evidence base on which to make their clinical decisions [54].

These principles highlight the importance of robust regulatory
processes and effective oversight for generic, biosimilar and fol-
low-on DMTs for MS. However, concerns have been expressed
about the approval of such products in resource-limited settings
where regulatory processes and post-marketing pharmacovig-
ilance practices are less robust than they are in Europe and the
US [61]. As these agents become more widely available, it is the
responsibility of physicians caring for PWMS to familiarise them-
selves with the regulatory environment and clinical data through
ongoing education [62], but it should be noted that this only adds
to the heavy administrative and educational tasks of neurologists.
While some physicians may be hesitant to switch patients to a
generic, biosimilar or follow-on DMT, it is important for them to
appreciate that these products have undergone robust assessment
for bioequivalence, effectiveness and safety, and that real-world
evidence is accumulating to support this. Targeted education of
physicians about the approval process for and the bioequivalence,
effectiveness and safety of generic, biosimilar and follow-on DM Ts
(including peer-to-peer and team-based discussions of the evi-
dence from trusted sources, such as the peer-reviewed literature)
may increase confidence in prescribing these agents and allow
physicians to engage in effective discussions with their patients
about switching [63, 64]. Additional effectiveness and safety data
from real-world studies and engagement of biosimilar manufac-
turers with physicians would also be beneficial to inform clinical
practice and overcome physician prescribing hesitancy [65].
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