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Abstract
Objective: Describe the long-term outcomes of early-start (ES) and delayed-start (DS) glatiramer acetate
40 mg/mL treatment three times weekly (GA40) for up to seven years in the Glatiramer Acetate Low-fre-
quency Administration (GALA) study in patients with relapsing multiple sclerosis (RMS).
Methods: Patients were evaluated every three to six months. The primary efficacy endpoint was annual-
ized relapse rate (ARR); additional endpoints were exploratory or post hoc. For efficacy, data from the
entire exposure period were used for the ES and DS cohorts. For safety, exposure only under GA40
was considered.
Results: Of the patients who continued into the open-label extension (OLE), 580/834 (70%) ES and
261/419 (62%) DS completed the OLE. For the entire placebo-controlled and OLE study period, ARR
was 0.26 for ES and 0.31 for DS patients (risk ratio= 0.83; 95% confidence interval [CI]: 0.70–0.99).
ES prolonged median time to first relapse versus DS (4.9 versus 4.3 years; hazard ratio= 0.82; 95%
CI: 0.6–0.96). OLE-only results showed DS patients experienced similar efficacy for relapse and disability
outcomes as ES patients. Adverse events were consistent with the well-established GA safety profile.
Conclusions: GA40 treatment conferred clinical benefit up to seven years, resulting in sustained efficacy
and was generally well tolerated in RMS patients.
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Introduction
Glatiramer acetate (GA) is a first-line therapy
approved for relapsing multiple sclerosis (RMS) treat-
ment, including clinically isolated syndrome,
relapsing-remitting and active secondary progressive
disease.1,2 Copaxone® (branded GA), administered
subcutaneously daily or three times weekly (TIW),

has a well-characterized long-term safety profile and
established efficacy, with more than 2.8 million
patient-years of overall exposure.2 The Glatiramer
Acetate Low-frequency Administration (GALA)
study was an international phase 3 clinical trial con-
ducted to investigate the efficacy and safety of GA
40 mg/mL subcutaneous injection administered TIW
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(GA40) versus placebo over 12 months to patients
with RMS.3 The less-frequent GA40 dosing
regimen was shown to have an efficacy and safety
profile similar to that of the established 20 mg/mL
daily dosing regimen (GA20).3 Specifically, GALA
showed that GA40 dosing significantly reduced the
annualized relapse rate (ARR) by 34% and the
number of cumulative gadolinium-enhancing (GdE)
T1 and new or enlarging T2 lesions versus placebo.3

Patients completing the 12-month placebo-controlled
(PC) phase of the GALA study were eligible to
receive GA40 treatment in an ongoing open-label
extension (OLE) study. Three-year interim results of
the OLE study showed comparable relapse and mag-
netic resonance imaging (MRI) outcomes between
early-start patients (ES; received GA40 treatment
throughout both phases of the study) and delayed-start
patients (DS; switched from placebo to GA40 in the
OLE phase) in Years 2 and 3, suggesting that DS
patients also experienced the benefits of GA40 treat-
ment.4 Adverse events (AEs) in the OLE study were
consistent with those of the PC phase.4

GA40 may offer tolerability and patient satisfaction
benefits versus GA20. For example, an open-label,
randomized, parallel-group trial observed that the
annualized rate of all injection-related AEs (IRAEs)
and moderate/severe IRAEs was reduced by 50%
(GA40) and 60% (GA20).5 A recent open-label
study demonstrated significantly greater patient satis-
faction, better treatment adherence, reduced impact of
fatigue on patient activities, and improved patient-
reported mental health for patients treated with
GA40 versus GA20.6 These significant differences
were maintained over a 12-month period.7 However,
long-term data on the efficacy and safety of GA40
are lacking.

The objective of the current report is to describe the long-
term effects of ES and DS GA40 treatment for up to
seven years in the GALA PC and OLE study phases.

Materials and methods

Study design
GALA was a randomized, PC, double-blind,
parallel-group study carried out at 142 sites in 17
countries.3 All participating patients provided
written informed consent before initiating any aspect
of the study; the study protocol was approved by rele-
vant ethical committees and institutional review
boards. The patient eligibility criteria have previously
been described.3 Patients were excluded if they

previously had treatment with experimental/investiga-
tional drugs, immunosuppressive agents or cytotoxic
agents within six months prior to screening, treatment
with natalizumab or any other monoclonal antibodies,
or cladribine within two years prior to screening,
treatment with immunomodulators (including inter-
feron β 1a and 1b, and intravenous immunoglobulin)
within two months prior to screening, or previous
treatment with GA or any other glatiramer.

The study was divided into two phases: 1) a one-year
PC phase, in which eligible patients were randomized
2:1 to receive GA40 or placebo, and 2) an OLE phase,
in which patients from either PC treatment arm could
enroll and receive GA40 until it became commercially
available for the treatment of RMS or the study was
discontinued by the sponsor. A total of 1404 patients
were originally randomized to GA40 (n= 943) or
placebo (n= 461), and of these, 1289 (92%) patients
completed the PC phase. Of the 1253 patients who
completed the PC phase and continued into the
OLE, those in the ES cohort (n= 834) received
GA40 for the entire duration of the study – defined
as the PC and OLE phases. Patients in the DS
cohort (n= 419) converted from placebo to GA40 at
Month 12, which was the end of the PC phase and
the beginning of the OLE phase.

Procedures
Procedures and evaluations performed during the PC
phase have been described previously. The OLE
phase included scheduled visits every three months
for the first 12 months and then scheduled visits
every six months thereafter (see Supplemental
Figure 1 and Supplemental Text).

Endpoints
The primary efficacy endpoint was ARR, defined as
the total number of confirmed relapses adjusted to
years of follow-up. Patients with symptoms sugges-
tive of relapse were instructed to contact the study
site within 48 h of symptom onset and underwent a
complete neurological assessment, performed by the
examining neurologist or physician. A relapse was
defined as the appearance of one or more new neuro-
logical abnormalities, or the reappearance of one or
more previously observed neurological abnormalities,
lasting at least 48 h and immediately preceded by an
improvement in neurological state lasting at least
30 days from the onset of the previous relapse. An
event was counted as a relapse only when the patient’s
symptoms were accompanied by observed objective
neurological changes, including an increase of at
least 0.5 points in the Expanded Disability Status
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Scale (EDSS) score compared with the previous
evaluation, an increase of one grade in the score of
at least 2 of the 7 functional systems (FSs) compared
with the previous evaluation or an increase of two
grades in the actual score of one functional system
compared with the previous evaluation. The patient
must not have had any acute metabolic changes,
such as fever or other medical abnormality, and a
change in bowel or bladder function or cognitive
function must not have been entirely responsible for
confirmation of a relapse. On confirmation of
relapse, follow-up of patients’ neurological condition
was performed with scheduled and unscheduled
visits. Exploratory endpoints and post hoc analyses
are described further in the Supplemental Text.

Safety was assessed by evaluation of the incidence of
reported AEs, serious AEs, changes in vital signs
(temperature, pulse, and blood pressure), clinical
laboratory parameters, and electrocardiogram (ECG)
findings over time. Since subcutaneous injections of
GA have been associated with injection-site reactions,
these were documented, as well as immediate post-
injection reactions (IPIRs) involving one or more of
the following symptoms: vasodilation, chest pain,
dyspnea, palpitation, or tachycardia.

Statistical analyses
For efficacy endpoints, all analyses were based on
data from the intent-to-treat (ITT) population, includ-
ing all randomized patients (N= 1404), regardless of
continuation status to the OLE phase. For safety end-
points, exposure only under GA40 was considered.

ARR estimates were derived from a baseline-adjusted
exposure-weighted negative binomial regression that
modeled the number of confirmed relapses observed
during the entire PC and OLE study period.
Covariates included baseline EDSS score, log of the
number of relapses in the previous two years, baseline
volume of T2 lesions, baseline status of GdE T1 activ-
ity, and country or geographic region (CGR). All
time-to-event analyses were measured from the PC
baseline throughout the OLE phase and are presented
using Kaplan–Meier methodology. These endpoints
were analyzed using the baseline-adjusted Cox propor-
tional hazards model. The analysis model was adjusted
for the same covariates as those in the ARR analysis.
Proportions estimates of the binary outcome measures
were derived from baseline-adjusted logistic regression
models (relapse-free and free from six months con-
firmed disability worsening [6mCDW]; this parameter
assessed true clinical disease progression as the compu-
tation algorithm used did not permit 6mCDW to be

confirmed during a relapse). Covariates were the
same as those in the ARR analysis, except for CGR,
which was excluded from part of the non-cumulative
by-year analyses due to model convergence issues.
Analyses done for the OLE period only were adjusted
for CGR. Changes from baseline in EDSS were ana-
lyzed using the Mixed Model for Repeated Measures
(MMRM) using baseline EDSS and CGR as covari-
ates. Safety and tolerability results were reported
descriptively.

Results

Patient disposition
Of the 834 ES patients and 419 DS patients who con-
tinued into the OLE phase, 580 (70%) patients in the
ES cohort and 261 (62%) patients in the DS cohort
completed the entire GALA PC and OLE study (see
Figure 1). The most common reasons for discontinu-
ation at any time were withdrawal of consent (21% for
ES and 23% for DS, n= 299; main reasons included:
personal patient decision; perceived lack of efficacy;
no longer wanting injections; relocation; planning a
family; relapse/disease progression) and AEs (6%
for ES and 7% for DS, n= 93). The median follow-up
for the ITT population was 5.5 years. The mean (stan-
dard deviation [SD]) age of the patients entering the
study was 37.6 (9.3) years, with a mean (SD) time
from diagnosis of 3.8 (4.9) years. Baseline demo-
graphic information has also been published
previously.3

Duration of GA exposure
The overall ITT median GA exposure was 4.9 years.
A total of 631 (45%) patients were exposed to GA for
more than five years (see Supplemental Table 1).

ARR
The mean ARR was significantly lower for ES
patients (0.34) than for DS (0.53) patients during
the first year of PC treatment (risk ratio [RR]= 0.65;
95% confidence interval [CI]: 0.54–0.80; p <
0.0001), as well as during the entire PC and OLE
study period (mean ARR of 0.26 for ES versus 0.31
for DS; RR= 0.83; 95% CI: 0.70–0.99; p= 0.04).

As shown in Figure 2, the mean ARRs were low and
non-significant between ES and DS for each individual
year from Years 2 through 7, with rates of 0.10 (DS) to
0.14 (ES) in Year 6. Since relatively few DS patients
were treated for over six years (n= 69), Year 7 mean
ARR was more variable in this group. ARR during
the OLE period only did not differ by treatment
group (RR= 1.06; 95% CI: 0.86–1.31; p= 0.59).
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Time to first confirmed relapse and percent of
relapse-free patients
ES treatment prolonged the median time from randomiza-
tion to first confirmed relapse by approximately sixmonths
compared with DS treatment (4.9 years versus 4.3 years).

Time-to-event analysis significantly favored ES treatment
(hazard ratio [HR]=0.82; 95% CI: 0.69–0.96; p=0.01)
(see Figure 3). When considering the OLE period only,
time to first relapse did not differ by treatment group
(HR=1.10; 95% CI: 0.91–1.34; p=0.33).

Figure 1. Patient disposition
*as percentage of intent-to-treat patients; **as percentage of patients in PC phase at start of Year 1; ***as percentage of
patients in OLE phase after Year 1.
DS: delayed start; ES: early start; GA40: glatiramer acetate 40 mg/mL subcutaneous injection administered three times
weekly; OLE: open-label extension; PC: placebo-controlled.

Figure 2. Annualized relapse rate
ARR: annualized relapse rate; CI: confidence interval; DS: delayed start; ES: early start; RR: risk ratio.
Error bars represent standard error.
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The percent of relapse-free patients was significantly
greater for ES patients compared to DS patients
during the first year of PC treatment (odds ratio
[OR]= 1.91; 95% CI: 1.48–2.47; p < 0.0001),
although the ORs were similar for each subsequent
year. The percent of patients who remained relapse-
free during the entire PC and OLE study period was
similar between the ES (48%) and DS (44%)
cohorts (OR= 1.18; 95% CI: 0.93–1.49; p= 0.17)
(see Figure 4). There was a 21% reduction in the
odds of remaining relapse-free for patients in the ES
cohort compared to the DS cohort during the OLE
period only (OR= 0.79; 95% CI: 0.62–1.02; p= 0.07).

Time to 6mCDW and percent of patients 6mCDW-free
Over the entire PC and OLE study period, patients in
the ES cohort had a similar time to 6mCDW com-
pared to the DS cohort (HR= 0.89; 95% CI: 0.69–
1.16; p= 0.39) (see Figure 5(a)). Time to 6mCDW
during the OLE period only did not differ by treat-
ment group (HR= 1.11; 95% CI: 0.82–1.50; p=
0.49). Median times to 6mCDW could not be calcu-
lated due to the high censoring rate.

The baseline-adjusted percent of patients who
remained 6mCDW-free was similar between the
cohorts during the entire PC and OLE study period
(88% for ES treatment and 87% for DS treatment;
OR= 1.09; 95% CI: 0.81–1.47; p= 0.58) (see
Figure 5(b)). The percent of patients who experienced
6mCDW during the OLE period only did not differ by
treatment group (17% for ES versus 15% for DS; OR
= 1.22; 95% CI: 0.88–1.70; p= 0.22).

EDSS change from baseline during the entire PC and
OLE study period
Mean EDSS values at baseline were 2.81 for ES and
2.75 for DS. During the entire PC and OLE study
period, the mean change from baseline was similar
for both ES and DS (see Figure 6). At the end of
Year 1, the mean (standard error [SE]) change was
similar in both the ES group −0.09 (0.03) and the
DS group −0.06 (0.04) with mean difference of
−0.03 (95% CI: −0.12 to 0.06; p= 0.52). At the end
of Year 7, the mean (SE) change was also similar in
both the ES group 0.25 (0.05) and the DS group
0.24 (0.07) with difference 0.01 (95% CI: −0.14 to
0.17; p= 0.85).

The baseline-adjusted percent of patients with stable
or improved EDSS scores was similar between
cohorts throughout the entire and OLE-only study
period (Supplemental data), as was the percent of
patients reaching EDSS= 4 and EDSS= 6
(Supplemental data). Likewise, time to reach an
EDSS score of 4 or 6 was not significantly different
between the groups (Supplemental data).

Safety profile
GA40 was generally well tolerated, with no new
safety signals observed. There were no relevant
safety signals with regard to laboratory values, ECG
readings, or vital signs. Over 80% of patients
exposed to GA40 during the OLE period experienced
at least one AE and 11% experienced a serious AE
(see Table 1). The most common AEs reported for
the entire GA40-treated analysis set – injection-site

Figure 3. Time to first confirmed relapse
CI: confidence interval; DS: delayed start; ES: early start; HR: hazard ratio.
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reactions (40%) and IPIRs (12%) – were generally
mild and consistent with the well-established GA20
safety profile.8 Among those patients with injection-
site reactions, injection-site erythema was most com-
monly reported (27%), with injection-site atrophy
occurring least frequently (2%). Dyspnea (4%) and
vasodilation (4%) were the most commonly reported
IPIRs (Table 2). A total of four deaths occurred in
GA-treated patients; each of these deaths was consid-
ered not to be related to the study drug by both the
investigator and the study sponsor.

Discussion
This study is the first to report treatment outcomes
with GA40 over seven years. The study showed sus-
tained clinical benefit of GA40 at levels comparable
to those in the PC phase of the GALA study, as
well as the three-year open-label analysis.3,4

Overall, 48% and 44% of patients in the ES and DS
cohorts, respectively, were free of relapse, whereas
a total of 88% (ES) and 87% (DS) did not experience
6mCDW up to seven years. EDSS remained stable in
both groups, with mean EDSS score increasing from

Figure 4. Percent of relapse-free patients
CI: confidence interval; DS: delayed start; ES: early start; OR: odds ratio.

Figure 5a and b. Time to 6mCDW (A) and percent of patients free from 6mCDW (B)
CI: confidence interval; CDW: confirmed disease worsening; DS: delayed start; ES: early start; HR: hazard ratio; OR:
odds ratio.
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baseline by a quarter of a point after up to seven years
of treatment. Given that mean EDSS values at base-
line were 2.81 for ES and 2.75 for DS, EDSS scores
of approximately 3 reflect maintenance of walking
ability after up to seven years of continuous GA40
treatment.

Early versus delayed start treatment analyses in RMS
OLE studies commonly reflect the delayed treatment
of two years; in contrast, the PC phase of GALA
was only 12 months. After converting from placebo
to GA40 at the end of the first study year, when con-
sidering the entire duration of the study (PC and OLE
phases), ARR and time to first relapse remained lower
for ES compared with DS patient cohorts.
Observations from Years 2 to 7 (OLE phase only)
indicated that DS patients experienced similar effi-
cacy for most outcomes (e.g. ARR, time to first
relapse, percent of patients relapse-free, time to
6mCDW, percent of patients 6mCDW-free, percent
of patients with stable or improved EDSS scores,
time to EDSS= 4/EDSS= 6, and percent of patients
reaching EDSS= 4/EDSS= 6) as ES patients. This
indicates a treatment benefit for DS patients upon
initiation of GA40 comparable to ES patients, which
is apparent in year-to-year relapse outcomes. It is
interesting that despite differences in ARR during
the first year (the PC period) that favored the ES
patients, there was no significant difference in disabil-
ity measures at the end of the OLE period between the
two cohorts. This could be due to the patients being
reasonably early on in their disease course. Another

study investigating intramuscular interferon β 1a
30 µg weekly and GA20 either alone or in combin-
ation found no difference across the treatment
groups in clinical outcomes at the end of a seven-year
OLE, despite differences in MRI changes at three
years (unfortunately the ARRs for each group were
too low to allow any cross-group comparison
throughout the study).9 Furthermore, long-term
disease-modifying treatment (greater than 15 years)
in RMS has been shown to prevent neurologic disabil-
ity,10 so it is possible that the duration of follow up in
the current study was sufficient for the DS patients to
benefit commensurably from GA treatment.

GA40 was well tolerated, with a safety profile similar to
that of GA20, including a low incidence of serious AEs,
and no new or unexpected safety signals being observed
in patients receiving GA40 for up to seven years. As
expected from prior clinical evaluations of GA40, the
incidence of injection-site reactions, including injection-
site atrophy, was low for patients exposed to GA40
during the OLE phase. Idiosyncratic and possibly
immune-related dose-independent hepatocellular injury
with an unpredictable latency ranging from days to
years have recently been described following treatment
with GA1,11; however, no new safety signals were iden-
tified during the OLE phase of the GALA study.

There are potential limitations associated with all
long-term, open-labelled extension designs. In add-
ition to not having a control group, long-term exten-
sions can find it difficult to retain patients and may

Figure 6. Change from baseline in EDSS
DS: delayed start; EDSS: Expanded Disability Status Scale; ES: early start; SE: standard error.
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be more likely to retain those patients who respond
well to therapy, thus biasing the outcomes observed.12

This may explain the ARR value seen in Year 7 for
the DS patients. At the end of the OLE period, 45%
of patients had been exposed to GA40 treatment
beyond five years, although this is driven largely by
the greater percentage of ES patients exposed
beyond five years (59%) compared with DS patients

(17%), which is somewhat explained by the nature
of the study design. The overall retention rate (60%)
is supported by recent research demonstrating high
patient satisfaction and adherence with GA40.6,7

Another limitation is the lack of MRI data from
three to seven years. The three-year results showed
that ES and DS patients exhibited similar numbers
of GdE T1 and new or enlarging T2 lesions4;

Table 1. Frequency of common AEs in all patients exposed to GA40 during the OLEa.

ES
(n= 943,
PY= 4169.7)

DS
(n= 419,
PY= 1549.2)

All
(N= 1362,
PY= 5718.8)

Total patients with serious AEs, n (%) 117 (12) 36 (9) 153 (11)
Total patients with any AEs, n (%) 777 (82) 322 (77) 1099 (81)
Influenza, n (%) 68 (7) 25 (6) 93 (7)
Bronchitis, n (%) 51 (5) 20 (5) 71 (5)
Nasopharyngitis, n (%) 167 (18) 56 (13) 223 (16)
Upper respiratory tract infections, n (%) 98 (10) 32 (8) 130 (10)
Urinary tract infection, n (%) 105 (11) 36 (9) 141 (10)
Back pain, n (%) 99 (10) 33 (8) 132 (10)
Headache, n (%) 132 (14) 39 (9) 171 (13)

Total patients with injection-site reactions, n (%) 378 (40) 162 (39) 540 (40)
Injection-site erythema, n (%) 252 (27) 116 (28) 368 (27)
Injection-site pain, n (%) 115 (12) 55 (13) 170 (12)
Injection-site pruritus, n (%) 68 (7) 23 (5) 91 (7)
Injection-site swelling, n (%) 50 (5) 24 (6) 74 (5)
Injection-site atrophy, n (%) 20 (2) 10 (2) 30 (2)

AE: adverse event; DS: delayed start; ES: early start; GA40: glatiramer acetate 40 mg/mL subcutaneous injection
administered three times weekly; OLE: open-label extension; PY: patient-years.
aIndividual AEs reported here (Medical Dictionary for Regulatory Activities preferred term) are those occurring in >5%
of patients exposed to GA40 at any time during the OLE, with the exception of injection-site atrophy. Injection-site
atrophy (categorical term) includes injection-site atrophy, injection-site lipoatrophy, and injection-site lipodystrophy
acquired.

Table 2. Immediate post-injection reactions in all patients exposed to GA40 during the OLEa.

Total GA40 (N= 1362; PY= 5718.8)
Number of patients (%) Number of events Incidence rate/100 PY

Total 160 (12) 326 5.7
Dyspnea 60 (4) 88 1.5
Vasodilation (flushing) 53 (4) 85 1.5
Tachycardia 53 (4) 76 1.3
Chest pain 39 (3) 52 0.9
Palpitations 19 (1) 24 0.4

GA40: glatiramer acetate 40 mg/mL subcutaneous injection administered three times weekly; OLE: open-label
extension; PY: patient-years.
aIPIRs reported here (Medical Dictionary for Regulatory Activities preferred term) are those occurring in patients
exposed to GA40 at any time during the OLE.
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however, ES patients exhibited significantly smaller
changes in gray matter volume than DS patients
from Year 1 to Year 3 (mean difference, 0.371%; p
= 0.02), with a similar trend in whole-brain volume
(p= 0.08).4

In summary, treatment with GA40 conferred clinical
benefit up to seven years of the GALA study, resulting
in sustained low ARR and rates of disability worsen-
ing. Results from this OLE of the GALA study
further support the known safety profile and effective
long-term use of GA40 in the RMS patient population.
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