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Abstract:

Background: Although there is still no cure for multiple sclerosis (MS), the introduction of several
innovative drugs with modes of action different from that of the existing drug arsenal and the progress
in monitoring disease progression by imaging and using biomarkers are currently causing a knowledge
surge. This provides opportunities for improving patient disease management. New therapies are also
under development and pose challenges to the regulatory bodies regarding the optimal design of clinical
trials with more patient-focused clinical endpoints. Moreover, with the upcoming patent expiry of some
of the key first-line MS treatments in Europe, regulatory bodies will also face the challenge of recom-
mending marketing authorisation for generic and abridged versions based on appropriate requirements for

demonstrating equality/similarity to the innovator’s product.

Objective: The goal of this article is to improve the understanding of the relevant guidance documents of
the European Medicines Agency (EMA) on clinical investigation of medicinal products and to highlight
the issues that the agency will need to clarify regarding follow-on products of first-line MS treatments.
Conclusion: Todays, it is clear that close collaboration between patients, healthcare professionals, regula-
tory bodies and industry is crucial for developing new safe and effective drugs, which satisfy the needs

of MS patients.
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Introduction

Investment in research for new drugs for central
nervous system (CNS) disorders is considerably
lower than for other diseases.! This might be
explained by several issues such as the lack of
adapted pre-clinical models, problems to find the
right dose for a given drug, the outsized and
extended duration of the clinical trials, the high
failure rate and (too) high regulatory requirements.!
Therefore, in most cases, return on investment is
considered to be poor. Multiple sclerosis (MS) as
one of the most common diseases of the CNS is an
exception. An impressive number of disease-modi-
fying drugs (DMDs) to treat this disabling disorder
have emerged over the past two decades.? Figure 1
shows the (relative) efficacy and safety of the pre-
sent arsenal of DMDs in MS.

MS is a progressive inflammatory, demyelinating and
neurodegenerative autoimmune disease of the CNS. It
is the most common cause of neurological disability
in young adults and affects approximately 630,000
people in Europe.? MS takes different forms, with
new symptoms appearing in attacks (relapsing—remit-
ting forms) and/or building up over time (progressive
forms). Untreated MS patients usually progress and
develop significant disability a few years from dis-
ease onset.

The understanding of the pathophysiology of MS has
significantly improved in recent years. This has led to
the development of many DMDs that aim to prevent
or reduce the development of new lesions and relapses
and/or delay disability progression in patients with
relapsing—remitting MS.
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Figure 1. MS therapeutic decision-making.?

To promote the introduction of safe and effective
new MS treatments that better match the patient’s
needs, dialogue and cooperation between all stake-
holders involved in MS must be encouraged. To that
end, the Pan-European MS Multi-stakeholder
Colloquia were organised in Brussels on 23-24 May
2014* and 15-16 May 2015.5 The programmes
developed by the chairs and scientific committee
aimed at prioritising and defining actions needed to
improve the quality of and access to care and treat-
ment. The different stakeholders, including patients,
healthcare professionals, regulators and payers pre-
sented their views in a series of sessions around spe-
cific topics. During the first Colloquium several
interrelated ‘Calls to Action’® on the European
Union (EU), its member states and the research and
global community were developed. The second
Colloquium focused on developing innovative rec-
ommendations or ‘Guidance Propositions’ to address
and refine these Calls to Action.

In this review, we will summarise the content of the
presentations and discussions related to the regulatory
perspective.

Marketing authorisation of new MS treatments is cen-
trally assessed in Europe (Regulation (EC) No.
726/2004 of the European Parliament and of the
Council) by the Committee for Medicinal Products
for Human Use (CHMP) of the European Medicines
Agency (EMA) and involves considerations by expert
regulators and healthcare professionals. The first part

of this review will detail the main issues for the
CHMP/EMA when recommending marketing author-
isation for new MS treatments within the EU.

Although the prevalence of MS is relatively low, the
economic impact of MS is significant due to its early
onset, its progressive character and lifelong need for
treatment. The availability of cheaper alternatives
after patent expiry of the original products may con-
tribute to increased access to treatments and/or a
reduction in the cost rise of managing the disease. As
some of the major first-line MS treatments are com-
ing off patent, the CHMP/EMA will face the chal-
lenge of defining the appropriate requirements for
(some) follow-on products to show a high degree of
similarity, in order to safeguard the patients (and their
physicians). The second part of this review will dis-
cuss how to deal with issues related to demonstration
of comparability or similarity for small molecule
drugs, biologicals and non-biological complex drugs
(NBCDs) used in the management of MS.

Guideline on clinical investigation of medicinal
products for the treatment of MS: update
needed?

The guideline on clinical investigation of medicinal
products for the treatment of MS provides an overview
of all clinical requirements that should be fulfilled by
an innovator’s company when developing new MS
treatments. The guideline criteria differ depending on
the goal of the MS treatment (symptomatic relief,
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Figure 2. Evaluation of new MS treatment for marketing
authorisation in Europe.

treatment of acute relapses or disease modification).
The request for marketing authorisation of new MS
treatments is then evaluated by the CHMP (Figure 2).
This decision-making process is a benefit (efficacy)—
risk (safety) assessment, to ensure approval of effec-
tive treatments. The benefits must outweigh the risks.
The benefit considerations include proof of efficacy of
the new MS treatment and evaluation of its limitations
such as possible differences between populations and
age groups or differential individual response. The risk
evaluation focuses on adverse drug reactions and
potential interactions, misuse and toxicity of the new
MS treatment. Limitations are assessed by verifying
the number of patients studied, the possible differ-
ences between populations and age groups, and the
potential limited duration of active treatment.

Guideline on clinical investigation of medicinal
products for the treatment of MS

The European guideline on clinical investigation of
medicinal products for the treatment of MS was intro-
duced in 1998 by the EMA and updated in 2006.7 The
first treatment goal in the guideline is the treatment of
acute relapses. Any new MS treatment has to shorten
their duration, reduce their severity and prevent their
sequelae. The second goal is disease modification by
preventing or modifying relapses, but also by pre-
venting or delaying disability. The third goal is symp-
tomatic improvement of residual disability.

However, with the remarkable improvement of imag-
ing techniques and the development of biomarkers, as
well as the launch of a large variety of drugs with

innovative modes of action, it is obvious that the
guideline needed to be updated. In May 2011, the
EMA launched a Concept Paper to propose its revi-
sion.? A draft guideline was proposed in October
2012° followed by an EMA workshop in October
2013 to provide stakeholders with an opportunity to
discuss and optimise the guideline.!® The CHMP/
EMA released the final guideline incorporating the
key issues on clinical investigation of medicinal prod-
ucts for the treatment of MS in March 2015.!! In the
following sections, a number of key issues related to
these guidelines will be briefly discussed.

Key issues for the clinical investigation of

medicinal products for the treatment of MS

The use of placebo. There are several medicines
available on the market, which effectively reduce the
rate of relapses. From a regulatory point of view, for
new treatments in MS, the preferred development
approach would be to show superiority against pla-
cebo or an active comparator (i.e. first-line DMDs
like interferon-beta (IFNP) or glatiramer acetate
(GA)).1213 However, this type of trial needs large
numbers of patients for demonstrating improved effi-
cacy over the reference treatment, which increases the
development costs of any new drug. Therefore, a non-
inferiority approach would also be acceptable, pro-
vided that assay sensitivity and a reasonable
non-inferiority margin can be defined and adequately
justified.'* However, non-inferiority studies against
first-line DMD products without an additional pla-
cebo arm are not considered sufficient, as their effect
size regarding relapse rate is considered rather modest
and any loss of efficacy would be close to the effect
seen under placebo.!3

Methods to assess the progression of disability. In
addition to reducing time to relapse or relapse rate,
the new MS treatment has to modify accumulation/
progression of disability (whether or not this is related
to a previous relapse). The main problem is how to
assess the progression of disability.

The Expanded Disability Status Scale (EDSS) has
been the most frequently used tool to monitor disabil-
ity progression in MS.!3 It basically evaluates physi-
cal impairment on a scale from 0 (normal neurological
examination) to 10 (death due to MS) (Figure 3). In
patients with an EDSS=<S5, a 1-point change from
baseline sustained for 3 months is usually considered
as progression. Although it has been recognised for
many years that the EDSS has several limitations, the
EDSS is still recommended by health authorities to
document disability progression in clinical trials as it
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Figure 3. EDSS is the most frequently used tool to monitor disability progression in MS.!5

facilitates comparisons with other studies and repre-
sents a robust outcome for health economists. The
limitations include large inter- and intra-individual
variability, excessive focus on capturing physical dis-
ability/mobility and no sensitivity to cognitive impair-
ment. Moreover, because it is a non-linear ordinal
scale, it is less sensitive to change in people with MS
who have severe disability at baseline (EDSS = 4).

Alternatively, the three-part, standardised and quanti-
tative Multiple Sclerosis Functional Composite
(MSFC) assessment instrument could be used in clini-
cal studies.!® The MSFC measures various types of
disability, that is, ambulation by the Timed 25-Foot
Walk test (T25-FW), arm function by the 9-hole peg
test (9HPT) and cognitive function by the Paced
Auditory Serial Addition Test (PASAT). In addition,
other tests, such as Sloan Low Contrast Visual Acuity
test, Symbol Digit Modality Test (SDMT) or patient
determined 12-Item MS Walking Scale (MSWS-12),
can be utilised individually.

None of these aforementioned tools can perfectly
quantify disability progression; hence, the EMA
encourages the development of new instruments.

Patient-reported outcomes focussed on the expecta-
tions of patients. Whereas physicians focus on clini-
cal outcomes such as relapse rate, disability
progression, the impact on different magnetic reso-
nance imaging (MRI) parameters or disease-free sta-
tus when measuring treatment success, patients with
MS are more concerned about the impact on outcomes
such as cognition, fatigue and quality of life (QoL).!”
However, studies that tried to quantify the incidence
of cognitive impairment in patients with MS showed

large inconsistencies ranging from 5.5% of a cohort
exhibiting cognitive impairment!® to 59.7%.!° The
differences are probably due to the diverse methodol-
ogy used to measure cognitive function. Therefore,
reliable and validated measurement tools are needed
to better evaluate cognitive impairment in patients
with MS.

Today, none of the MS treatments target cognitive
impairment and/or fatigue. Nevertheless, it is recog-
nised that fatigue and cognitive dysfunction contrib-
ute to the QoL of patients with MS.2 The EMA
supports the use of QoL assessment in patients with
chronic illnesses.?! Therefore, QoL assessment should
be better understood, investigated and validated for
use in MS.

The use of biomarkers as an outcome in clinical
trials. Generally, the EMA encourages the develop-
ment and use of biomarkers because they can increase
the understanding of the biology of a disease or the
effects of medicinal products and they can help in the
development of better diagnostics and medicinal
products. Biomarkers can also improve the method-
ology of clinical trials and provide information on
sub-populations of patients that might respond (bet-
ter) to a treatment or are (more) susceptible to adverse
drug reactions (individualised medicine). This could
reduce the trial length/size, treatment costs and
healthcare burden on payers and society.

In MS, MRI scans are currently considered to be the
most interesting potential biomarker for predicting
long-term disability progression.??2* However, as
none of the MRI variables have been adequately vali-
dated as surrogate endpoint for clinical outcome, MRI
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Figure 4. Whole brain atrophy at MRI scans seems to
predict long-term disability progression. Whole brain
atrophy reflects the net effect of brain tissue damage.?¢

outcome measurements are to date not accepted by
regulators as primary endpoint in pivotal studies for
new medical agents. Nevertheless, several studies
have shown that whole brain atrophy at MRI scans,
which reflects the net effect of brain tissue damage,
can predict long-term disability progression? (Figure
4). Unfortunately, although whole brain atrophy is a
sensitive MRI measure to predict long-term disability
progression, there are currently several limitations to
its use.?’ In order to overcome these limitations, it is
essential to develop a protocol for standardisation of
this MRI measurement.?® In addition, it should be
evaluated how much change in, for example, whole
brain atrophy is needed to induce a percentage change
in disability outcome. This also applies to other more
advanced imaging techniques such as magnetisation
transfer ratio (MTR), double inversion recovery
(DIR) and optical coherence tomography (OCT)
imaging to assess lesion volume, cortical lesions and
neurodegeneration. Research into other biomarkers,
for example in body (cerebrospinal) fluids or genetic
biomarkers, which may predict long-term disability
progression and individual response to treatment,
should also receive high priority.?8

Safety. Given that MS is a chronic disease and an
established drug may be used over a long period of
time, long-term safety data (>2years) in a large and
representative group of MS patients is required at
the time for application of marketing authorisation.
Depending on the safety of the product, additional
post-marketing utilisation studies and safety registries
may be needed.

The majority of drugs developed for the treatment of
MS target the immune system and thus potentially

raise serious safety concerns such as infections,
malignancies and autoimmune disorders. Special
attention should be given to assess potential adverse
events that are typical for a class of drugs (e.g. neu-
tralising antibodies against biological products or
depression and seizures for interferons) and to the
occurrence of neurological exacerbations or adverse
events. Also the effect of withdrawal of the drug
should be systematically assessed by clinical and/or
MRI monitoring over a sufficient period of time after
discontinuation.

In patients with severe disease activity at onset, char-
acterised by frequent relapses and the accumulation
of focal lesions visible on the MRI scan, induction
therapy with a powerful immunosuppressant, such as
alemtuzumab?® may be considered in order ‘to hit
hard and early’.

Alemtuzumab is perceived as more effective than
other DMD (e.g. IFNB-1a),’° but this comes at the
price of several serious adverse events.3! Therefore,
the use of alemtuzumab requires monitoring for infu-
sion reactions and prophylaxis for herpes virus infec-
tions and Pneumocystis jirovecii pneumonia (PCP)
during treatment and for several weeks after treat-
ment. Prolonged surveillance for bone marrow sup-
pression, infections and autoimmune disorders such
as idiopathic thrombocytopenic purpura is also
necessary.

It is noteworthy that the CHMP assessment of alemtu-
zumab, for which market authorisation was granted in
2013, was performed differently than for prior
approved DMDs (e.g. fingolimod).

Accelerate access to treatment. The adaptive licens-
ing approach is part of the attempts of the EMA to
improve quick access for patients with indications of
high unmet medical need and might be considered for
new MS treatments’? (Figure 5). This process starts
with ‘conditional initial approval’, that is, the early
authorisation of the medicine in a controlled patient
population, followed by phases of collecting evidence
and adaptations of the marketing authorisation to
expand the access of the medicine to broader patient
populations.

The goal of this approach would be to faster expand
the expected positive impact of new MS treatments
while maintaining a balance between timely access
for patients and the need to provide sufficient
information on the benefits and risks of the new
treatments.
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Figure 5. Patients exposure to the new drug and time to marketing authorisation granting in traditional licencing:3? (a)
after licence, treatment population grows quickly but treatment experience does not contribute to evidence generation,

compared with the adaptive licensing approach and (b) after initial licence, treatment population grows slowly (due to

restrictions) but treatment experience is captured to contribute to evidence generation.

RCTs: randomised controlled trials.

How to deal with issues for demonstrating
comparability or similarity for small molecule
drugs, biologicals and NBCDs used in the
management of MS?

With the patent expiry of some of the key first-line
MS treatments in Europe, the CHMP will face the
challenge of advising on providing marketing authori-
sation to follow-on products of the original medicinal
product.

Follow-on products of small molecule drugs

In Europe, regulatory bodies are encouraged to pro-
vide rapid access to the market for lower-priced cop-
ies of original medicinal products after patent expiry
in order to reduce healthcare costs. To this end, the
CHMP has elaborated abbreviated regulatory path-
ways based on demonstration of pharmaceutical
equivalence (i.e. identical active substance, dosage
form and route of administration) and bio-equivalence
(i.e. comparable pharmacokinetics) established in a
small healthy volunteer study. These abbreviated reg-
ulatory pathways do not require formal clinical effi-
cacy and/or safety studies.

The classical generic approval approach has been suc-
cessful for many well-defined, small, low-molecular
weight drugs, where physicochemical analytical test-
ing can fully characterise the product (e.g. corticoster-
oids) (Figure 6).

Follow-on products of biological drugs

Rapid advances in drug development resulted in the
discovery of biological substances as medicinal prod-
ucts (commonly known as biologicals). Biologicals
are produced by or extracted from living organisms
and exhibit high molecular complexity compared to
small molecule drugs.3 Full physicochemical charac-
terisation to establish equality of structure of these
complex molecules (in particular for the larger pro-
teins) is not possible, even with state-of-the-art ana-
lytical techniques. Furthermore, the product attributes
depend, in no small measure, on the manufacturing
process. Differences in molecular building blocks and
three-dimensional structure, impurities and/or degra-
dation products can have significant impact on the
therapeutic effect and these may be affected by the
specifics of the manufacturing process. Therefore, the
‘classical’ equivalence principle as accepted for small
molecule drugs cannot be applied for biologicals (e.g.
IFNB)33 (Figure 6).

The fact that follow-on products of biologicals might
act differently than the original biological product led
to the introduction of the CHMP guideline document
in 2005 with general requirements for a similar bio-
logical product (biosimilar)’** that was updated in
2014.35 The current revision recommends a stepwise
approach for the design of non-clinical and clinical
studies,® whereas quality issues relevant for demon-
stration of biosimilar comparability are addressed in a
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Figure 6. Three categories of drugs with reference to the guidelines needed for demonstration of similarity.

NBCDs: non-biological complex drugs.

Table 1. Product-specific biosimilar guidelines by the EMA.

Similar biological medicinal products

Guideline reference number

Effective date

Containing recombinant follicle-stimulating hormone =~ CHMP/BMWP/671292/2010
CHMP/BMWP/652000/20100

Containing interferon-beta

1 September 2013
1 September 2013

Containing monoclonal antibodies: non-clinical and EMA/CHMP/BMWP/403543/2010 1 December 2012

clinical issues

Containing recombinant erythropoietin
Containing low-molecular-weight heparins
Containing recombinant interferon-alpha
Containing recombinant granulocyte-colony-
stimulating factor

Containing somatropin

Containing recombinant human insulin

EMEA/CHMP/BMWP/301636/08 30 September 2010
EMEA/CHMP/BMWP/118264/2007  October 2009
EMEA/CHMP/BMWP/102046/2006  April 2009
EMEA/CHMP/BMWP/31329/2005 June 2006

EMEA/CHMP/BMWP/94528/2005 June 2006
EMEA/CHMP/BMWP/32775/2005 June 2006

EMA: European Medicines Agency.

separate guideline.’® In addition, the advances as well
as the still existing limitations of methods and tech-
niques currently available for the full characterisation
of biologicals have prompted the CHMP to establish a
number of guidelines relevant to quality, non-clinical
and clinical issues to be addressed in the development
programmes of specific biosimilar medicinal prod-
ucts (Table 1).

In conclusion, the development of biosimilars is cur-
rently appropriately regulated in the EU. Hopefully,

the patient will soon gain access to high quality but
cheaper biologicals, be it the innovator or a biosimilar
version, for the treatment of MS.

Follow-on products of NBCDs

A class of medicinal products, which falls outside
both categories described above, are the so-called
NBCDs (e.g. iron—sucrose complex, liposomal for-
mulations and GA)?’ (Figure 6). The active substance
of NBCDs is not a homogeneous molecule, but rather

http://msj.sagepub.com
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a heterogeneous mixture consisting of different
closely related and often (polymer-based) nanopar-
ticulate structures. It is very hard to fully quantify/
characterise these substances by state-of-the-art
physicochemical analytical methods.3® It is also
unknown which structural elements relate to the ther-
apeutic benefits and risks. The composition, quality
and in vivo effects of NBCDs are highly dependent on
the manufacturing processes of both the active ingre-
dient and the formulation.

Compared with biologicals, the regulatory basis for
NBCDs is not yet sufficiently defined as dedicated
guidelines are not available. However, the develop-
ment of such guidelines is crucial, as illustrated by the
following two examples of NBCDs.

Example 1: iron—sucrose complexes. Iron—sucrose
complexes are medicinal products used to replenish
iron stores in patients with iron deficiency. A follow-
on product showing similar physicochemical proper-
ties as the reference medicinal product, Venofer®, was
approved as generic version in several European
countries.*® However, differences between the two
products were observed in clinical practice. A well-
controlled haemodialysis population in France desta-
bilised when supplemented with the follow-on instead
of the reference product, with the necessity for higher
doses of iron—sucrose and erythropoietin, an increased
mean number of days outside of the target haemoglo-
bin range and increased costs for managing anae-
mia.*! It was concluded that the follow-on product
was not therapeutically equivalent to the reference
iron—sucrose complex.*! In addition, it was shown
that the reference iron—sucrose preparation and its
follow-on products had different effects on nitrosative
stress, apoptosis, oxidative stress and biochemical
and inflammatory markers in rats.*2

Therefore, on March 2011, the CHMP adopted a
Reflection Paper on non-clinical studies for generic
nanoparticle iron medicinal product applications.*?
This Reflection paper described the view of the
CHMP on the type of non-clinical studies necessary
to support the approval of follow-on products of iron
medicinal products. Among other things, the CHMP
concluded that physicochemical characterisation of
the drug substance and pharmacokinetics studies may
not be sufficient to ensure ‘essential similarity’ for
iron medicinal products.

Example 2: GA. GA has immunomodulatory effects
on innate and acquired immunity and is indicated for
the treatment of patients with relapsing—remitting
MS.# GA is synthesised from four amino acids in a

fixed ratio. It is not a single molecular entity but a
heterogeneous mixture of potentially millions of dis-
tinct, synthetic polypeptides of varying lengths, some
containing up to 200 amino acids, some of these poly-
mers in aggregated form, with a structural complexity
exceeding that of recombinant proteins.*> Until now,
it is not possible to separate and identify the pure
components, not even when using advanced multidi-
mensional separation techniques.®

The complexity of GA is explained by a number of
aspects.*>#6 The active moieties in GA have not been
identified; the mechanism of action is not fully under-
stood; pharmacokinetic testing is not indicative of GA
bioavailability; pharmacodynamic testing is not
indicative of therapeutic activity as there are no bio-
markers available as surrogate measures of efficacy;
and small changes in the GA mixture can change its
immunogenicity profile.

For instance, protiramer (or TV-5010), which was
developed some years ago as a second-generation,
more potent glatiramoid with a slightly different
molecular weight distribution but a similar amino
acid ratio, was shown to be more potent than GA in a
mouse inflammation model of MS, with no toxicity in
short-term (13 weeks) rat studies. This led to the con-
duct of phase II studies in patients with MS, which
showed good safety and tolerability in two short-term
(36 weeks) clinical studies.*’ In contrast, protiramer
was found to be toxic (increased mortality) in longer
term safety studies in monkeys (52 weeks) and rats
(26 weeks)*® and subsequently clinical development
was stopped for that reason.

While a follow-on product of GA may appear to be
similar using conventional analytical methods, in-
depth characterisation can reveal differences. This is
the case for several follow-on products commercial-
ised following a national procedure® (Table 2).

For example, the three follow-on products Glatimer®,
Probioglat® and Escadra® show significant differences
in charge distribution by capillary isoelectric focusing
(CIEF) and aggregate size in colloidal dispersions by
dynamic light scattering (DLS) when compared with
reference GA, whereas batches of reference GA fall
within the microheterogeneity range.** Moreover,
advanced gene-expression analyses have shown
important differences in the expression of specific pro-
inflammatory genes and immune cells (Figure
7(a)).>>! One example is the CD14 gene, which is
expressed in abundance on the surface of mature
monocytes and in trace amounts on granulocytes, but
not on other hematopoietic cells.’2 CD14 is known to
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Table 2. Glatiramer acetate 20 mg daily subcutaneous injection and its follow-on products.

Product Company Market
Original GA product Copaxone® Teva 57 countries worldwide
Follow-on product Glatimer® Natco India
Probioglat® Probiomed Mexico
Escadra® Raffo Argentina
Glatopa® Sandoz/Momenta United States
(a) GA Glatimer® (b)
- g GA|
3 o -1
5 °
& &
5 3
2 a
@]
_ 8
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o o
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Density plots for CD14 / Probe: ILMN_2742075

Figure 7. (a) The heat map representing the relative expression of genes in GA and Glatimer®-activated samples. Each of

the rows within the Treg, macrophage and monocyte sections represents a gene with a high cell-type specificity score for
each cell type. Overall, GA induces higher expression of Treg-associated genes than Glatimer®, while Glatimer® induces
higher expression of macrophage and monocyte-associated genes than GA.*° (b) Glatimer® induces significantly higher

expression of CD14 (p=0.0203).5°

The box for the T cells with more green/white included represents low expression, whereas the boxes for the macrophaes and monocytes

with more red/less white included represents high expression.

enhance the inflammatory response.’> Higher CD14
expression levels are found in Glatimer®-treated sam-
ples (Figure 7(b)).”° Probioglat®, like Glatimer®, sig-
nificantly up-regulates CD14, compared with reference
GA ! Gene expression findings raise concerns that the
follow-on products may not be biologically and clini-
cally equivalent to GA. In particular, significant
up-regulation of pro-inflammatory genes is highly
undesirable in MS.

Perhaps the most worrying are the reports of patients
experiencing serious adverse events after the intro-
duction of follow-on products of GA outside the

EU. Some of the most serious reports come from
one of the biggest hospitals of the Mexican Institute
of Social Security, the Hospital la Raza (Mexico
City), which regularly follows 232 patients with
MS. In total, 65 patients were treated with both
Probioglat® and Copaxone® since January 2013.
They report breakthrough relapses within weeks or
months of exposure to Probioglat® and symptoms
that include severe pain, increase in injection-site
reactions, erythema and diffuse flush, pruritus and
chest pain (consistent with immediate post-injection
reaction). These observations were confirmed by
healthcare providers. Many of these conditions led
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to hospitalisation and relapse-related hospitalisa-
tions increased by 200% in 2013.33

A citizens petition, bringing the aforementioned differ-
ences between Copaxone® and its follow-on products
under attention and requesting that the Food and Drug
Administration (FDA) refrains from approving any
abbreviated new drug application referencing
Copaxone® until certain conditions are met, was
recently denied.>* Furthermore, the FDA approved
Glatopa®, as a first follow-on of GA for US launch in
April 2015, based on guidelines for generic drugs.
Although the complex nature of GA was taken into
account for proving physiochemical sameness, no in
vivo bioequivalence studies were deemed necessary.>*

Nevertheless, the non-clinical and clinical examples
summarised before highlight the need for a clear reg-
ulatory pathway and appropriate guidelines for the
development and approval of follow-on products to
NBCDs such as GA by EMA. As with biosimilar
products, NBCDs’ characteristics are inexorably
linked to their production process; therefore, similar-
ity cannot be assumed for their follow-on product(s).
An extensive analytical characterisation of a follow-
on product complemented with a clinical trial pro-
gramme is needed to ascertain efficacious and safe
use in clinical practice.

Conclusion

In the past 30years, new and effective therapies
have been developed for the treatment of MS. The
new CHMP guideline on clinical investigation of
medicinal products for the treatment of MS, that
came into effect on 01 October 2015, considered
these developments (e.g. better fits the patient
needs). While relapses and the physical disability
aspect of MS are of great importance, it is now well
recognised that it does not reflect all facets that
patients consider important in their life. Research
to develop, evaluate and validate new assessment
tools to better capture patient-related disability,
fatigue, cognitive function and QoL as well as to
find and validate imaging and body fluid biomark-
ers, which can predict long-term disability progres-
sion, is strongly encouraged.

The encouragement of healthcare professionals to
substitute or interchange original products with
generic products has led to cost savings. The availa-
bility of lower-priced follow-on products to first-line
DMDs also may reduce the direct costs associated
with MS. The September 2013 guideline for
the development of biosimilar medicinal products

containing IFNB will hopefully encourage the devel-
opment of IFNf biosimilars.

NBCDs, such as GA, which present great complexity
in terms of molecular characteristics, raise specific
challenges during their development, manufacturing,
clinical testing and quality control. Three follow-on
products (Glatimer®, Probioglat® and Escadra®) were
approved through national procedures outside of
highly regulated jurisdictions, whereas the FDA
recently approved the first follow-on product
(Glatopa®) for US launch in April 2015. All approvals
were based on guidelines for generic drugs (equiva-
lence principle). However, in our and also other
experts opinion,> this strategy carries risks for a fol-
low-on product of this NBCD because relevant differ-
ences may be missed by physicochemical and
biological characterisation only. It is therefore crucial
to have dedicated clearly defined regulatory pathways
for NBCDs, including clear directions for the design
of clinical trials, to ensure the efficacy and safety of
these follow-on NBCDs.#
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