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We read the review by Annovazzi et al. [1] with
great interest. Glatiramer acetate (GA) after the
approval of various regulatory agencies has been
reliably used for over two decades as first-line
treatment for relapsing forms of multiple scle-
rosis (MS) based on consistent results of multi-
ple clinical trials [2–5] establishing broad

consensus among general neurologists and MS
experts. Assessment of the published preclinical
and clinical data of Copemyl� (Mylan N.V.,
Hatfield, UK), a new member of the follow-on
glatiramer acetate (FoGA) class, which include
some aspects of its biological and immunologi-
cal properties, as well as results from the ran-
domized controlled trial that resulted in its
authorization, is thus of scientific and medical
interest. In their recent review article, Anno-
vazzi et al. reported the published information
and marketing authorization decision on
Copemyl� [1]. The authors raised questions
about some drawbacks and limitations of the
GATE (Glatiramer Acetate Clinical Trial to
Assess Equivalence with Copaxone) study and
its open-label extension [6, 7], the most relevant
one being the discrepancy between clinical and
magnetic resonance (MRI) end points during
the double-blind phase of the study, which
invalidates the fundamental study design
hypothesis and does not comply with EMA
(European Medicines Agency) guidelines [8].
However, several additional gaps and inaccura-
cies were not included in Annovazzi’s review
and should be presented to physicians and the
scientific community for further resolution in
the interest of public health. These are particu-
larly relevant for country-specific decisions on
the substitutability of Copaxone� (Teva Phar-
maceutical Industries, Petach Tiqva, Israel) with
a FoGA, given the concerns for immunogenic
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risk to individual patients. The EMA stated that
GA is neither a small molecule nor a biologic
drug but is rather a non-biologic complex drug
(NBCD) comprised of up to 1029 polypeptides,
sub-sequences of which being antigens that
modulate the immune system driving T cell
differentiation towards immune tolerant T reg-
ulatory (Treg) cells at the expense of autoreactive
T helper (Th)1 and Th17 cells.

Comprehensive characterization of the dif-
ferences observed in the physicochemical,
quality, and biological attributes between
Copaxone� and several FoGAs were reported in
multiple peer-reviewed publications [9–14],
indicating potential risks for altered efficacy,
safety, and immunogenicity, but were not
addressed in Annovazzi’s review. Moreover,
some pitfalls and deficiencies in the conduct
and outcomes of the single, comparative study
performed to demonstrate therapeutic equiva-
lence and comparable immunogenicity of
Copemyl� and Copaxone� [6, 7] cast doubts
about the reported conclusions and implica-
tions for everyday practice and the medical
equivalence between products.

The above outlined discrepancies in out-
comes of the GATE study and deficiencies of the
open-label extension further highlight the need
to qualify the not-yet fully characterized critical
quality attributes of GA and their implications
for safety, efficacy, and immunogenicity.
Remarkably, it has been demonstrated in several
peer-reviewed publications that low-resolution
analytical methods, which have been used by
the various FoGA manufacturers, failed to reveal
differences between FoGAs and Copaxone�;
however, the use of higher resolution,
polypeptide-appropriate, state-of-the-art
methodologies showed marked structural dif-
ferences between FoGAs and Copaxone�

[12, 14, 15]. These differences indicate that the
amino acid antigenic sequences, length, and
amount of peptides are not the same between
the two products. When tested vs. Copaxone�,
Copemyl� has demonstrated differences in sur-
face charge distribution as well as biological
activity in potency and cytotoxicity assays
[16, 17]. This raised concerns on the method-
ology used by FoGAs manufacturers for the
analysis of the structural similarities with GA,

and also it raised the concrete possibility that
FoGAs and GA display different immunogenic
profiles. Overall, these findings indicate that the
non-similarity in physicochemical attributes of
FoGAs compared to Copaxone� is associated
with altered biological activity of the antigens
and thus may modify the clinical profile, par-
ticularly upon chronic exposure and repeated
substitutions between the two products.

As a result of their polypeptidic structure, GA
and FoGAs may give rise to the formation of
anti-drug antibodies, as opposed to small
molecules. The active pharmaceutical ingredi-
ents in GA and FoGAs are not identical and,
similarly to biosimilars with respect to the ref-
erence products, their biological and therapeu-
tic equivalence can only be inferred via
appropriate bioequivalence and clinical studies.
Notably, a similar pharmacokinetic (PK) profile
of the products is essential for the approval of
biosimilars. However, in the case of GA and
FoGAs, for which no PK profile is available, the
essential assumption behind the rationale of
taking a position in favor of the approval of
biosimilars by regulatory authorities of several
European countries, that is the ability to
demonstrate comparable bioequivalence to the
reference product, as well as similar efficacy and
safety, cannot be met.

A second point to consider is the comparison
of clinical end points across clinical trials.
Annovazzi et al. reviewed the randomized,
multicenter, double-blind, active, and placebo-
controlled phase 3 GATE trial [6, 7]. The struc-
ture and sample size in the 9-month core study
and its 15-month open-label extension [7],
based upon the European/Canadian MRI study
with Copaxone� [3] conducted two decades
ago, were originally planned to demonstrate
that the effect of the incorrectly defined ‘‘gen-
eric glatiramer acetate (GTR)’’ on the MRI dis-
ease activity is equivalent to that of Copaxone�,
and that the safety profile and antibody for-
mation during the core study and its open-label
extension do not significantly differ between
the two products. This, according to Annovazzi
et al., would support the overall claim for ther-
apeutic equivalence suggesting that the efficacy
and safety will be retained following a switch
from Copaxone� to GTR [1].
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Despite numerically similar estimates
observed between GTR and Copaxone� in the
primary end point (total number of gadolinium-
enhancing lesions during months 7, 8, and 9
was 9.5% higher in the GTR group compared
with Copaxone�), and that this was within the
pre-specified equivalence margins, we believe
that the design and the specific outcomes of the
GATE study do not fully substantiate the claim
for therapeutic equivalence. The issue of the
margins requires special attention. For the
GATE study, the upper limit of the margin was
set at 50% of the value of the ratio in mean
number of gadolinium-enhancing (GdE) lesions
between placebo and Copaxone� observed in
the European/Canadian trial in months 7–9.
The value of 50% was chosen because it is pos-
sible to estimate the expected effect on relapses
from an observed effect on MRI lesions,
according to Sormani’s equation [18]. More-
over, the GATE study showed no effect in
absolute risk reduction (ARR) for Copaxone�

versus placebo despite ‘‘equivalence’’ with GTR
in treatment effect in reducing GdE lesions,
thus invalidating the use of Sormani’s equation
for the association between the treatment effect
achieved on MRI and the treatment effect
achieved on relapses, upon which the compa-
rability exercise of therapeutic equivalence (ef-
fect on MRI * effect on relapses) of the GATE
study was based. The authors of the review
correctly state that the current EMA guidelines
on multiple sclerosis [8] accept brain MRI active
lesions as a primary end point for clinical trials
aiming to demonstrate the similarity of two
products in the context of biosimilar and gen-
eric applications. However, it is also stated that
‘‘In addition, clinical outcomes such as relapse
rate or percentage of relapse-free patients
should be used as secondary end points in
support of the MRI outcomes. These principles
are also valid in the context of a generic appli-
cation’’. In the GATE study, Sormani’s equation
[18] was clearly violated: no relationship has
been demonstrated between the treatment
effect on MRI and relapses for Copaxone�. The
authors explain this failure by the small sample
of the placebo arm. However, it is quite curious
that the value of relapse rate was almost the
same in the glatiramer arm (0.40) and in the

placebo arm (0.38), while in the European/
Canadian study the values in the two arms were
0.52 and 0.73, respectively, a significant 29%
reduction of relapse rate in the GA arm. The
relapse rate was clearly higher in the European/
Canadian trial; however, the sample size was
the opposite: 441 patients in the GATE study
versus 239 patients in the European/Canadian
trial, not considering the Copemyl� arm. To
explain the absence of any effects on relapses
the authors claim that also in the PRECISE study
(Evaluate Early Glatiramer Acetate Treatment in
Delaying Conversion to Clinically Definite
Multiple Sclerosis of Subjects Presenting with
Clinically Isolated Syndrome) [19] performed in
the clinically isolated syndromes, ‘‘the effect of
GA on clinical activity emerges over placebo
after at least 6 months of treatment’’; that is a
completely wrong interpretation of the results:
the two curves of freedom from a second attack
separate after the first month and the effect size
of GA versus placebo is so large that already at
month 6 the difference is statistically signifi-
cant, which means that a 6-month study dura-
tion was sufficient to demonstrate the effect of
the drug on relapses.

Moreover, it is hard to understand why the
mean number of enhancing lesions in the
original placebo arm decreases from 2.5 at
baseline to about 0.8 in the third trimester, then
it increases to about 1.7 at month 12 after
3 months of treatment with Copemyl� to
finally drop again to 0.9 at month 24. This
means that the mean number of enhancing
lesions does not change from the end of the
double-blind phase to the end of the extension
phase when patients shift from the placebo to
the Copemyl� treatment. The extension phase
failed to confirm the effect of Copemyl� on the
primary end point.

A third point concerns the pitfalls of an
open-label study design to adequately address
any novel comparable efficacy or safety claims.
In order to demonstrate long-term ‘‘medical
equivalence’’ of GA and GTR, comparability
between treated groups must be formally tested
[7]. However, in the open label phase of GATE
no statistical comparisons (sample size calcula-
tion, selection of adequate end points, deter-
mination of the magnitude of the differences
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which allow to accept or reject ‘‘medical equiv-
alence’’) were originally planned prior to initi-
ating the GATE study to allow an adequate
assessment of the differences in efficacy
between the patients who were switched from
Copaxone� to GTR and those patients who were
treated only with GTR throughout the entire
study. Furthermore, the open nature of the
extension phase introduced uncertainty and
uncontrolled placebo effect in reporting the rate
of emerging safety issues. More importantly, the
study did not address the practical clinical sit-
uations, such as repeated switching between
similar but yet not identical pharmaceutical
products (Copaxone� to GTR and GTR to
Copaxone�), and particularly the uncertainty
about switching from GTR to Copaxone in
patients who had inadequate responses to GTR
treatment.

In addition to the foregoing methodological
problems, we find some of the conclusions
contained in the paper questionable. Annovazzi
et al. concluded that the incidence and titer of
total immunoglobulin G (IgG) anti-GA anti-
bodies were comparable between the two glati-
ramoids [1]. Moreover, switching from
Copaxone� to Copemyl� did not affect total
IgG anti-GA antibodies titers. While the inci-
dence and titers of IgG anti-GA antibodies are of
great importance in defining one aspect of
immunogenicity, the complex nature of anti-
GA antibodies also requires evaluating the time
pattern of IgG anti-GA antibody isotypes and
the emergence of anti-GA IgE antibodies that
may affect patients’ safety or tolerability of
treatment. It is extremely important from a
clinical standpoint to establish whether, simi-
larly to Copaxone�, Copemyl� does not induce
neutralizing anti-drug antibodies. This funda-
mental question is not addressed in the GATE
study and in its open-label phase.

Finally, in the open-label extension [7], a
similar mean number of GdE lesions was
observed for Copaxone�/Copemyl� patients
and Copemyl�/Copemyl� patients (0.6–0.7 in
both groups), whereas placebo/Copemyl�

patients showed a higher mean number of GdE
lesions at the 12-month scan (1.7). This finding
in the placebo group upon switching to Cope-
myl� suggests a rebound effect on MRI activity.

This requires explanation, as it raises concerns
about the validity of the MRI measures after
switching.
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