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IMPORTANCE The patents for the first approved treatments for relapsing-remitting multiple
sclerosis are expiring, creating the opportunity to develop generic alternatives.

OBJECTIVE To evaluate in the Glatiramer Acetate Clinical Trial to Assess Equivalence With
Copaxone (GATE) study whether generic glatiramer acetate (hereafter generic drug) is
equivalent to the originator brand glatiramer acetate (hereafter brand drug) product, as
measured by imaging and clinical end points, safety, and tolerability.

DESIGN, SETTING, AND PARTICIPANTS Randomized, multicenter, double-blind, active and
placebo-controlled phase 3 trial. The setting included academic medical centers and clinical
practices. Participants were patients with relapsing-remitting multiple sclerosis 18 to 55 years
old with at least 1 relapse in the prior year and 1 to 15 gadolinium-enhancing brain magnetic
resonance imaging lesions. They were randomized between December 7, 2011, and March 21,
2013. The last participant completed follow-up December 2, 2013.

INTERVENTIONS Participants were randomized 4.3:4.3:1 to receive generic glatiramer acetate
(20 mg), brand glatiramer acetate (20 mg), or placebo by daily subcutaneous injection
for 9 months.

MAIN OUTCOMES AND MEASURES The primary end point was the total number of
gadolinium-enhancing lesions during months 7, 8, and 9. Additional end points included other
magnetic resonance imaging parameters, annualized relapse rate, and Expanded Disability
Status Scale score. Safety and tolerability were assessed by monitoring adverse events,
injection site reactions, and laboratory test results.

RESULTS In total, 794 participants were randomized and treated with generic drug (n = 353),
brand drug (n = 357), or placebo (n = 84). The estimated mean numbers of
gadolinium-enhancing lesions with generic drug and brand drug were lower than with
placebo (ratio, 0.488; 95% CI, 0.365-0.651; P < .001), confirming study sensitivity. For
gadolinium-enhancing lesions, the estimated ratio of generic drug to brand drug was 1.095
(95% CI, 0.883-1.360), which was within the predefined equivalence margin of 0.727 to
1.375. The incidence, spectrum, and severity of reported adverse events, including injection
site reactions, were similar in the generic drug and brand drug groups.

CONCLUSIONS AND RELEVANCE As treatment for relapsing-remitting multiple sclerosis,
glatiramer acetate generic drug and brand drug had equivalent efficacy, safety, and
tolerability.
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G latiramer acetate is a complex mixture of random poly-
peptides. Its mechanism of action is not fully eluci-
dated but is postulated to involve effects on adaptive

and innate immune mechanisms.1 Double-blind, placebo-
controlled trials demonstrated that brand glatiramer acetate
(20 mg) administered by daily subcutaneous injection re-
duces clinical relapses and magnetic resonance imaging (MRI)
lesion activity in relapsing-remitting multiple sclerosis
(RRMS)2-4 and the rate of developing clinically definite mul-
tiple sclerosis (MS) after a first demyelinating event,5 leading
to regulatory approval for these indications. Subsequent clini-
cal trials,6-11 a 15-year open-label follow-up study,12 and clini-
cal experience support efficacy, safety, and tolerability of brand
glatiramer acetate.

Medications are a major and increasing contributor to the
high cost of MS care.13 As discussed in a recent editorial,14 al-
though MS drugs represent fewer than 0.1% of prescriptions
in the United States, they account for 3.1% of the total drug
costs. The patents for the first approved treatments for RRMS
(interferon beta and brand glatiramer acetate) are expiring, cre-
ating the opportunity to develop generic alternatives, with an-
ticipated cost savings for payers and patients.

Small-molecule generics can be verified as having com-
parable safety and effectiveness as the innovator drug by show-
ing pharmaceutical equivalence (ie, the same active ingredi-
ent, quality, strength, dosage, and route of administration) and
bioequivalence (ie, similar rate and extent of absorption). Show-
ing equivalence for biologicals (eg, interferon beta) and com-
plex nonbiological products (eg, brand glatiramer acetate) is
more challenging because of their molecular complexity.15-19

Extensive in vitro characterization and animal studies are nec-
essary but cannot measure key properties sufficiently to pre-
dict in vivo behavior in humans. Moreover, pharmacokinetic
assessment for brand glatiramer acetate is not possible, and
nonimaging biomarkers relating to efficacy have not, to our
knowledge, been validated for any MS therapy to date. There-
fore, a clinical trial in the target population is usually neces-
sary for generic biological and complex nonbiological
agents.15,20 In this context, we performed the Glatiramer Ac-
etate Clinical Trial to Assess Equivalence With Copaxone
(GATE) study to demonstrate that Synthon BV’s generic glati-
ramer acetate (hereafter generic drug) is equivalent to the origi-
nator brand glatiramer acetate (hereafter brand drug) prod-
uct, as measured by imaging and clinical end points, safety,
and tolerability in patients with RRMS.

Methods
Study Design
This study was a randomized, multicenter, double-blind, ac-
tive and placebo-controlled phase 3 clinical trial. Central and
local ethics committees approved the study. Participants gave
written informed consent before any study-related proce-
dures were performed, and renewal of consent was obtained
after the second and each subsequent relapse. The study was
conducted in accord with International Conference on Har-
monisation of Technical Requirements for Registration of Phar-

maceuticals for Human Use21 guidelines for good clinical prac-
tice and principles of the Declaration of Helsinki.22 A study
steering committee collaborated with the sponsor (Synthon BV)
to design the study and monitor its conduct. An independent
data and safety monitoring board reviewed trial conduct and
safety data. The data were gathered by the investigators and
analyzed by the sponsor. The trial protocol is available in
Supplement 2, and additional methodological details are avail-
able in the eMethods in Supplement 1.

Participants
We randomized participants from 118 academic medical cen-
ters and clinical practices in 17 countries between December
7, 2011, and March 21, 2013. The last participant completed fol-
low-up December 2, 2013. Eligible participants were 18 to 55
years old, had RRMS fulfilling the McDonald23 criteria, an Ex-
panded Disability Status Scale24 (EDSS) score of 0 to 5.5, at least
1 documented relapse in the previous year, and 1 to 15 gado-
linium-enhancing lesions on T1-weighted images on screen-
ing brain MRI. Screening without a gadolinium-enhancing le-
sion could be repeated twice, separated by at least 1 month.
Key exclusion criteria were clinically significant illness or labo-
ratory abnormalities, as well as prior exposure to brand glati-
ramer acetate or immunosuppressive treatments. Other MS
treatments required discontinuation for varying lengths of time
from 1 to 12 months before screening.

Randomization and Masking
Eligible participants were randomized in a 4.3:4.3:1 ratio to re-
ceive generic glatiramer acetate (20 mg), brand glatiramer ac-
etate (20 mg), or matching placebo by daily subcutaneous in-
jection for 9 months (Figure 1). Randomization was performed
centrally and stratified according to geographical region (Eu-
ropean Union, North America, or the rest of the world) and the
number of gadolinium-enhancing lesions at screening. Study
group assignments were performed using an interactive web and
voice response system. At each study site, a treating neurolo-
gist supervised medical management. An examining neurolo-
gist determined EDSS scores at scheduled and unscheduled vis-
its. During the trial, participants, study personnel, MRI
evaluators, steering committee members, and the study stat-
istician (R.M.) were unaware of study group assignments. Par-
ticipants completing the double-blind study were eligible to re-
ceive generic glatiramer acetate in a 15-month open-label
extension study.

Procedures
Safety assessments were performed at screening, baseline,
and months 1, 3, 6, and 9. The EDSS score was measured at
screening, baseline, and months 6 and 9. Standardized brain
MRI was performed at screening, baseline, and months 7, 8,
and 9 and was analyzed by the Image Analysis Center in
Amsterdam, the Netherlands. Two independent, trained, and
qualified radiology reviewers and a third reviewer if neces-
sary for adjudication evaluated gadolinium-enhancing
lesions in a masked manner. Participants completed a diary
for 14 consecutive days at treatment initiation and month 3,
recording which of 5 injection site symptoms (pain, itchiness,
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redness, swelling, or lumps) previously reported for brand
glatiramer acetate25 were present.

The primary efficacy end point was the total number of
gadolinium-enhancing lesions (ie, the cumulative number of
new and persisting gadolinium-enhancing lesions) during
months 7 through 9 (based on the European/Canadian Glati-
ramer Acetate trial4). Other prespecified end points included
the following: annualized relapse rate, EDSS score change from
baseline to month 9, cumulative combined unique active le-
sions during months 7 through 9, change in T2-weighted hy-
perintense lesion number and volume from baseline to month
9, change in nonenhancing T1-weighted hypointense lesion vol-
ume from baseline to month 9, percentage change in normal-
ized brain volume from baseline to month 9, and proportion
of participants who were free of disease activity at month 9.
The number of new gadolinium-enhancing lesions (ie, exclud-
ing persisting lesions) during months 7 through 9 was ana-
lyzed post hoc.

We defined relapse as new or recurring neurological symp-
toms, without fever or infection, lasting at least 24 hours and
accompanied by new objective neurological findings on the ex-

amining neurologist’s evaluation. Sustained EDSS score change
was defined as at least a 1.0-point increase from a baseline score
of 1.0 or higher or at least a 1.5-point increase from a baseline
score of 0, confirmed at 3 months. The combined unique ac-
tive lesions were new gadolinium-enhancing lesions or new
or enlarged T2-weighted hyperintense lesions without double
counting. Disease activity free was defined as an absence of
the following: relapse, sustained EDSS score change, or new
or enlarged T2-weighted hyperintense or gadolinium-
enhancing lesions.26 Safety assessments included monitor-
ing of adverse events, local injection site reactions, vital signs,
and laboratory test results. Neurological symptoms related to
confirmed relapses and local injection site reactions re-
corded in the tolerability diaries were not additionally re-
ported as adverse events.

Statistical Analysis
Based on the European/Canadian Glatiramer Acetate trial,4 we
estimated that the mean number of gadolinium-enhancing le-
sions during months 7 through 9 would be 1.75 times higher
with placebo treatment compared with brand glatiramer ac-

Figure 1. Consolidated Standards of Reporting Trials Diagram of Enrollment and Follow-up of Study Patients
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generic glatiramer acetate

2 Not treated
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a Some patients discontinued using
the study drug and subsequently
discontinued follow-up in the study.
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etate treatment. The upper limit of the equivalence margin was
set at 1.375, representing 50% of the treatment effect vs pla-
cebo observed in the aforementioned trial. The lower limit of
the equivalence margin was set at 0.727 to create a symmetri-
cal margin in the log scale. To conclude equivalence between
generic glatiramer acetate and brand glatiramer acetate, effi-
cacy in the combined active treatment groups needed to be su-
perior to placebo (confirming study sensitivity), and the 2-sided
95% CI for the estimated ratio of generic drug to brand drug
needed to be fully enclosed in the prespecified equivalence
margin. Given the sample size as calculated and the esti-
mated width of the 95% CI for the ratio of generic drug to brand
drug, the maximal allowable difference between the point es-
timates to show equivalence would be approximately 10%.
With a dropout rate of 12%, we estimated that 336 evaluable
participants in each of the generic drug and brand drug groups
and 78 evaluable participants in the placebo group would pro-
vide 98% power to demonstrate study sensitivity, 92% power
to show equivalence of generic drug and brand drug, and 90%
power to show study sensitivity and equivalence.

All efficacy and safety analyses were performed using the
full analysis set and safety population, respectively (all ran-
domized participants who received ≥1 study drug injection).
The primary efficacy analyses were also performed using the
per-protocol set, which included all participants who re-
ceived 80% to 120% of planned study drug administrations in
the first 7 months, had at least 1 efficacy assessment during
months 7 through 9, and were without a major protocol vio-
lation (eTable 1 in Supplement 1). The primary end point—the
total number of gadolinium-enhancing lesions during months
7 through 9—was analyzed using a random-effects general-
ized linear model with a negative binomial distribution and
logarithmic link function. This longitudinal model allows analy-
sis of repeated MRI lesion counts for 3 months, taking into ac-
count the within-participant correlation of measurements.
Fixed variables were treatment group, month, geographical re-
gion, logarithm of the last eligible screening gadolinium-
enhancing lesion count, and logarithm of the baseline gado-
linium-enhancing lesion count. This model (best-fitting count
data) was prespecified in the statistical analysis plan and es-
timates the treatment difference and corresponding 95% CI for
brand drug and generic drug in the log scale. Back-transfor-
mation results in the ratio of generic drug to brand drug and
corresponding 95% CI. To assess study sensitivity, placebo data
were also included in the model, resulting in the ratios and 95%
CIs for the combined generic drug and brand drug treatment
group and the individual treatments over placebo. Partici-
pants with at least 1 MRI assessment in months 7 through 9
were included in the analysis. No imputation was performed
for missing MRI data. The other end points (number and vol-
ume of T2-weighted hyperintense lesions, volume of T1-
weighted hypointense lesions, combined unique active le-
sions, brain volume, EDSS change, annualized relapse rate, and
disease activity free) were not formally tested but were sum-
marized per treatment group with point estimates and 95% CIs
using an appropriate covariance model that included the strati-
fication variables as covariates. A software program (SAS, ver-
sion 9.4; SAS Institute Inc) was used for statistical analyses.

Results

Baseline Characteristics and Follow-up
Of 1549 participants screened, 796 were randomized. Screen-
ing failures resulted predominantly from the requirement for
1 to 15 gadolinium-enhancing lesions. Among screened par-
ticipants, 50.9% (753 of 1480) did not have 1 to 15 gadolinium-
enhancing lesions on the first MRI. Of these individuals, 298
underwent a second screening MRI, of which 101 (33.9%) were
eligible, and 113 underwent a third screening MRI, of which 25
(22.1%) were eligible. Baseline demographic and disease char-
acteristics were balanced among the treatment groups (Table 1).
Overall, 735 participants (92.3%) completed the 9-month fol-
low-up receiving randomized study drug, with similar pro-
portions in the 3 treatment groups (Figure 1).

MRI Outcomes
The estimated mean numbers of gadolinium-enhancing le-
sions during months 7 through 9 for the combined generic drug
and brand drug groups and each separately were signifi-
cantly lower than for the placebo group (P < .001 for all) (Table 2
and Figure 2A), confirming study sensitivity. The mean num-
bers of gadolinium-enhancing lesions during months 7 through
9 estimated by the longitudinal model that included the 2 ac-
tive treatment groups were 0.45 (generic drug) and 0.41 (brand
drug), resulting in a ratio of generic drug to brand drug of 1.095
(95% CI, 0.883-1.360). This point estimate and 95% CI are fully
contained within the predefined equivalence margin of 0.727
to 1.375 (Figure 2B). In the per-protocol set, the estimated ra-
tio of generic drug to brand drug was 1.097 (95% CI, 0.880-
1.368), supporting the primary analysis. Post hoc analysis of
only new gadolinium-enhancing lesions during months 7
through 9 also supported the primary analysis (eTable 2 in
Supplement 1). The 95% CIs for the other lesion-related MRI
end points for the generic drug and brand drug treatment
groups substantially overlapped. The mean changes in brain
volume over 9 months were modest and similar across the 3
treatment groups.

Clinical Outcomes
The estimated annualized relapse rates were 0.31 (95% CI, 0.20-
0.48) for generic drug, 0.40 (95% CI, 0.26-0.62) for brand drug,
and 0.38 (95% CI, 0.22-0.66) for placebo (Table 2). The per-
centages of participants confirmed relapse free were 79.3%
(280 of 353), 73.9% (264 of 357), and 73.8% (62 of 84) in the
generic drug, brand drug, and placebo groups, respectively. The
mean EDSS score was stable in the 3 treatment groups. The per-
centages of participants disease activity free were 9.3% (33 of
353) in the generic drug group, 9.2% (33 of 357) in the brand
drug group, and 7.1% (6 of 84) in the placebo group.

Tolerability and Safety
Similar proportions of participants (range, 51.0%-56.0%) in the
3 treatment groups reported adverse events (Table 3 and eTable
3 in Supplement 1). Adverse events that were of severe inten-
sity, were serious, or led to discontinuation of study medica-
tion or participation in the trial were infrequent and reported
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by similar proportions of generic drug–treated and brand drug–
treated participants. The most common serious adverse events
were MS relapse (2 generic drug participants and 4 brand drug
participants), bronchitis (2 brand drug participants), anaphy-
lactoid reaction (1 generic drug participant and 1 brand drug
participant), and angioedema (1 generic drug participant and
1 brand drug participant). All other serious adverse events oc-
curred in single participants.

Adverse events related to local injection site reactions oc-
curred in similar proportions of participants treated with ge-
neric drug (22.9% [81 of 353]) and brand drug (23.2% [83 of 357])
compared with 16.7% (14 of 84) of placebo participants (eTable
4 in Supplement 1). Immediate postinjection reactions oc-
curred in 6.8% (24 of 353) of generic drug participants, in 5.0%
(18 of 357) of brand drug participants, and in no placebo par-
ticipants (eTable 5 in Supplement 1). Based on participant self-
assessment at day 1, injection site reactions with generic drug
and brand drug were most apparent 5 minutes after injec-

tion, with median local injection site reaction scores of 2, which
decreased to median scores of 0 at 24 hours. Proportions of
participants scoring 0 to 5 injection site symptoms were simi-
lar in the generic drug and brand drug groups at 5 minutes and
24 hours after injection during the initial and month 3 report-
ing periods (eFigure in Supplement 1). Clinically significant vi-
tal sign or laboratory abnormalities were uncommon in all 3
treatment groups.

Discussion
The GATE study, to our knowledge, is the first phase 3 clinical
trial to date of a generic disease-modifying medication for MS.
Extensive physicochemical characterization of generic drug
showed comparable results to brand drug in a wide range of
orthogonal chemical, biochemical, biological, and nonclini-
cal toxicology studies (Roel Fokkens, PhD, and Roel Arends,

Table 1. Baseline Characteristics (Full Analysis Set)

Characteristic
Generic Glatiramer Acetate
(n = 353)

Brand Glatiramer Acetate
(n = 357)

Placebo
(n = 84)

Age, y

Mean (SD) 32.6 (8.6) 33.8 (9.0) 32.6 (8.7)

Median (range) 32.0 (18.0-56.0) 33.0 (18.0-56.0) 32.0 (19.0-53.0)

Female sex, No. (%) 233 (66.0) 238 (66.7) 57 (67.9)

Time from onset of symptoms to randomization, y

Mean (SD) 5.5 (5.3) 6.4 (6.0) 5.7 (6.0)

Median (range) 3.5 (0.1-30.6) 4.4 (0.1-30.6) 3.3 (0.2-25.7)

No. of relapses in prior 2 y

Mean (SD) 1.9 (0.9) 1.8 (0.9) 1.9 (0.9)

Median (range) 2 (1-5) 2 (1-6) 2 (1-5)

No history of prior disease treatment, No. (%) 56 (15.9) 62 (17.4) 10 (11.9)

Expanded Disability Status Scale scorea

Mean (SD) 2.6 (1.2) 2.7 (1.2) 2.7 (1.2)

Median (range) 2.5 (0.0-6.0) 2.5 (0.0-5.5) 2.5 (0.0-5.5)

No. of gadolinium-enhancing lesions on
T1-weighted images

Mean (SD) 2.5 (3.5) 2.5 (3.9) 2.8 (4.1)

Median (range)b 1 (0-27) 1 (0-40) 1 (0-28)

No. of hyperintense lesions on T2-weighted imagesb

Mean (SD) 51.9 (37.7) 49.6 (31.9) 47.6 (34.7)

Median (range) 45 (2-363) 45 (0-238) 42 (2-168)

Volume of hyperintense lesions on T2-weighted
images, mm3b

Mean (SD) 9096 (10 410) 8311 (8386) 9122 (11 842)

Median (range) 5384 (174-84 727) 5015 (0-46 594) 4740 (157-59 506)

Volume of hypointense lesions on T1-weighted
images, mm3b

Mean (SD) 1686 (3298) 1462 (2741) 2091 (4329)

Median (range) 500 (0-27 900) 389 (0-23 406) 489 (0-22 829)

Normalized brain volume, cm3b

Mean (SD) 1482.0 (85.5) 1480.6 (79.7) 1482.3 (76.6)

Median (range) 1487 (1172-1659) 1485 (1240-1685) 1494 (1209-1655)

a Scores on the Expanded Disability Status Scale range from 0 to 10, with higher scores indicating a greater degree of disability.
b Presented data were based on magnetic resonance imaging performed at the baseline visit. Eligibility was based on magnetic resonance imaging performed at the

screening visit.
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PhD, unpublished data, 2011). A randomized, double-blind,
crossover phase 1 trial in 20 healthy volunteers demon-
strated generic glatiramer acetate to have good safety and in-

jection site tolerability, similar to those of brand glatiramer
acetate.27 The well-powered, randomized, double-blind, ac-
tive and placebo-controlled trial reported herein showed that

Table 2. Magnetic Resonance Imaging and Clinical End Points (Full Analysis Set)a

End Point
Generic Glatiramer Acetate
(n = 353)

Brand Glatiramer Acetate
(n = 357)

Placebo
(n = 84)

MRI Outcomes

Primary end point of total No. of
gadolinium-enhancing lesions during months 7
through 9 on T1-weighted imagesb

Study sensitivity, mean (95% CI)c 0.42 (0.31 to 0.57) 0.38 (0.28 to 0.52) 0.82 (0.57 to 1.20)

Ratio of combined active treatments to placebo
(95% CI) 0.488 (0.365 to 0.651) NA

Equivalence, mean (95% CI)d 0.45 (0.34 to 0.59) 0.41 (0.31 to 0.54) NA

Ratio of generic drug to brand drug (95% CI) 1.095 (0.883 to 1.360) NA

Patients with gadolinium-enhancing lesions
during months 7 through 9 on T1-weighted
images, No. (%)e

Evaluable patients 333 335 82

0 Lesions 143 (42.9) 142 (42.4) 23 (28.0)

1 Lesion 43 (12.9) 55 (16.4) 8 (9.8)

≥2 Lesions 147 (44.1) 138 (41.2) 51 (62.2)

No. of new hyperintense lesions on T2-weighted
images

Median (range) 5 (−1 to 147) 4 (−2 to 71) 7 (0 to 50)

Estimated mean (95% CI)f 7.9 (5.4 to 10.3) 5.9 (3.4 to 8.4) 9.8 (6.4 to 13.1)

Change from baseline in volume of hyperintense
lesions on T2-weighted images, mm3

Median (range) 277 (−22 481 to 10 426) 163 (−9892 to 9084) 443 (−38 374 to 13 006)

Estimated mean (95% CI)f 378 (−161 to 916) 358 (−181 to 898) 298 (−429 to 1025)

Change from baseline in volume of hypointense
lesions on T1-weighted images, mm3

Median (range) 0.0 (−280 to 1444) 0.0 (−372 to 1816) 0.0 (0 to 3610)

Estimated mean (95% CI)f 88 (34 to 141) 59 (6 to 113) 131 (60 to 203)

No. of combined unique active lesions during
months 7 through 9

Median (range) 6 (0 to 151) 5 (0 to 92) 8 (0 to 59)

Estimated mean (95% CI)f 8.0 (6.3 to 10.1) 6.5 (5.1 to 8.2) 10.0 (7.4 to 13.5)

% Change from baseline in normalized brain
volume

Median (range) −0.5 (−4.5 to 2.8) −0.5 (−4.3 to 2.1) −0.6 (−3.6 to 1.4)

Estimated mean (95% CI)f −0.48 (−0.68 to −0.28) −0.51 (−0.71 to −0.31) −0.56 (−0.82 to −0.29)

Clinical Outcomes

Annualized relapse rate (95% CI)g 0.31 (0.20 to 0.48) 0.40 (0.26 to 0.62) 0.38 (0.22 to 0.66)

Patients with no confirmed relapse, No. (%) 280 (79.3) 264 (73.9) 62 (73.8)

Change from baseline in Expanded Disability
Status Scale score

Median (range) 0.0 (−2.5 to 2.0) 0.0 (−3.0 to 4.5) 0.0 (−2.0 to 1.5)

Estimated mean (95% CI)f −0.11 (−0.22 to 0.00) −0.08 (−0.19 to 0.03) −0.02 (−0.17 to 0.14)

Patients disease activity free, as observed, No. (%) 33 (9.3) 33 (9.2) 6 (7.1)

Estimated % of patients disease activity free
(95% CI)f

8.4 (4.1 to 16.4) 8.5 (4.1 to 16.5) 6.6 (2.4 to 17.1)

Abbreviation: NA, not applicable.
a Changes are from baseline to month 9, unless otherwise specified.
b Cumulative number of new and persisting gadolinium-enhancing lesions

during months 7 through 9 on T1-weighted images.
c Estimates represent total lesions during months 7 through 9 and were derived

from the random-effects generalized linear model with a negative binomial
distribution and logarithmic link function, including all 3 treatment groups.

d Estimates represent total lesions during months 7 through 9 and were derived

from the random-effects generalized linear model with a negative binomial
distribution and logarithmic link function, including the generic glatiramer
acetate and brand glatiramer acetate treatment groups.

e Values represent total lesions during months 7 through 9.
f Values and 95% CIs were estimated using an appropriate covariance model

that included the stratification variables as covariates.
g Estimates were based on confirmed relapses.
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generic drug is effective and reduces gadolinium-enhancing
lesions in RRMS to the same extent as brand drug. Formal
equivalence margins for other MRI and clinical end points were
not defined, but the 95% CIs for the generic drug and brand

drug groups for these end points substantially overlapped. Ge-
neric drug had a benign safety and tolerability profile for 9
months, similar to that of brand drug. The GATE study sup-
ported equivalence of generic glatiramer acetate to the origi-
nator brand glatiramer acetate.

The US Food and Drug Administration recently approved
another generic glatiramer acetate drug based on demonstra-
tion of physicochemical equivalence and equivalent biologi-
cal and immunological effects in murine experimental autoim-
mune encephalomyelitis, without clinical testing.28,29 In
contrast, the European Medicines Agency30 considered brand
glatiramer acetate a complex nonbiological agent and re-
quired a clinical trial assessing efficacy, safety, and tolerability
for generic glatiramer acetate. Based on regulatory input, we ad-
opted an equivalence design, rather than noninferiority, and in-
clusion of a placebo group to show study sensitivity. The study
reported herein exemplifies the differences between how the
2 agencies approached generic glatiramer acetate.

In contrast to studies serving as the basis for regulatory ap-
proval of novel agents, which aim to show superiority com-
pared with placebo or active comparator, studies of generic ver-
sions of approved agents aim to demonstrate equivalence.
Therefore, the goals of this trial were distinct from those of pre-
vious trials in the field. The primary efficacy end point was
gadolinium-enhancing lesion activity, which was expected to
be more sensitive than the clinical outcomes of relapse rate or
disability accrual typically required in pivotal trials of novel
agents. Because the correlation between MRI lesion activity
and clinical manifestations is weak for individual patients,
regulatory agencies generally consider imaging outcomes only
to provide supportive evidence of efficacy. However, 2 meta-
analyses of studies covering a broad range of MS therapies dem-
onstrated that in RRMS not only are the mean treatment ef-
fects on MRI lesion activity and relapse rate strongly correlated
at the clinical trial level31 but also the magnitude of the ben-
efit on MRI lesion activity predicts the magnitude of the treat-
ment effect on relapse rates.32 This observation supports the
use of MRI markers as the primary end point in pivotal clini-
cal trials in certain circumstances, such as evaluating a ge-

Figure 2. Primary Study End Point (Full Analysis Set)
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P <.001

P <.001

P <.001Study sensitivity analysisA

For Gadolinium-Enhancing Lesions,
the Estimated Ratio of Generic to Brand Drug With 95% CI

Equivalence analysisB

0.5 0.7

0.727 Predefined equivalence margins 1.375

0.9 1.0 1.1 1.3 1.5

a

A, Data are the estimated means as calculated from the study sensitivity
analysis that included all 3 treatment groups. B, To estimate the ratio of generic
drug to brand drug, the analysis included the generic glatiramer acetate and
brand glatiramer acetate treatment groups.
aThe estimated mean number of new and persisting gadolinium-enhancing
lesions during months 7 through 9 for the combined generic glatiramer acetate
and brand glatiramer acetate treatment groups was 0.40.

Table 3. Adverse Events (Safety Population)

Event

No. (%)
Generic Glatiramer
Acetate
(n = 353)

Brand Glatiramer
Acetate
(n = 357)

Placebo
(n = 84)

Any event 180 (51.0) 194 (54.3) 47 (56.0)

Any severe event 14 (4.0) 10 (2.8) 0

Any event leading to discontinuation of study drug
or trial participation

12 (3.4) 4 (1.1) 2 (2.4)

Any serious adverse event 12 (3.4) 17 (4.8) 2 (2.4)

Death 0 0 0

Most frequently reported adverse eventsa

Injection site reaction 58 (16.4) 62 (17.4) 6 (7.1)

Immediate postinjection reaction 24 (6.8) 18 (5.0) 0

Headache 16 (4.5) 12 (3.4) 7 (8.3)

Injection site swelling 14 (4.0) 12 (3.4) 3 (3.6)

Nasopharyngitis 13 (3.7) 23 (6.4) 6 (7.1)

Injection site pain 11 (3.1) 13 (3.6) 1 (1.2)

a The listed adverse events are those
that were reported in at least 3% of
patients in the generic glatiramer
acetate or brand glatiramer acetate
groups or at least 5 patients in the
placebo group. The order is based
on the incidence in the generic
glatiramer acetate group.

Equivalence of Generic Glatiramer Acetate in Multiple Sclerosis Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology December 2015 Volume 72, Number 12 1439

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2015.2154


Copyright 2015 American Medical Association. All rights reserved.

neric version of a drug with well-documented effects on MRI
lesion activity and clinical relapse rates.30

The GATE study was not designed or anticipated to quan-
titatively reproduce results of the European/Canadian Glati-
ramer Acetate trial.4 Instead, it aimed to establish equiva-
lence of generic glatiramer acetate and brand glatiramer
acetate, taking advantage of information provided by the ear-
lier study, which demonstrated that brand glatiramer acetate
reduced gadolinium-enhanced lesions on monthly MRI for 9
months compared with placebo. The treatment effect on MRI
lesion activity increased over time, becoming significant at
month 6. Therefore, the GATE study used MRI during months
7 through 9. Eligibility criteria for both trials required at least
1 gadolinium-enhancing lesion on screening MRI. In the GATE
study, participants with at least 15 gadolinium-enhancing le-
sions on screening MRI were excluded to avoid enrolling par-
ticipants with highly active disease in a placebo-controlled trial.

This trial had several potential limitations. First, adverse
events related to injection site reactions occurred less often
with placebo compared with the active treatments, which po-
tentially could have led to partial unmasking. However, the 3
study treatments had identical appearances and contained the
same excipients, and some local injection site reactions oc-
curred in placebo-treated participants, albeit at a lower fre-
quency. Most important, the generic glatiramer acetate and
brand glatiramer acetate groups had similar adverse event pro-
files. Second, the trial was not designed or formally powered
to show relapse rate reduction in a population accessible for
clinical trials today. With only 84 placebo participants, ex-

pected power to demonstrate benefit on relapses was less than
30%; therefore, benefit on relapses relative to placebo was not
confirmed. Nevertheless, brand glatiramer acetate consis-
tently reduced relapses in previous trials.2-11 Third, the dura-
tion of the trial was short. All participants completing the
double-blind portion of the trial were eligible to receive ge-
neric glatiramer acetate treatment in a 15-month open-label ex-
tension. To help assess interchangeability of generic drug and
brand drug, this extension will provide additional data on long-
term efficacy and safety, immunogenicity, and the effect of
switching from brand glatiramer acetate to generic glati-
ramer acetate treatment.

Conclusions
The GATE study, to our knowledge, is the first phase 3 clinical
trial to date of a generic disease-modifying medication for MS.
The patents for the first approved treatments for RRMS are ex-
piring, creating the opportunity to develop generic alterna-
tives, with the goal of cost savings for payers and patients. The
development of generic glatiramer acetate illustrates the chal-
lenges in developing generic biological and complex nonbio-
logical agents. The GATE study demonstrated equivalent ef-
ficacy, safety, and tolerability for generic glatiramer acetate and
brand glatiramer acetate as treatment for RRMS. These re-
sults may allow for a generic alternative to the originator brand
glatiramer acetate, an RRMS treatment with established long-
term efficacy and safety.
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