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Abstract

Objective Multiple sclerosis (MS) prevalence, clinical patterns, and treat-

ment responses vary between races and geographical latitudes. Glatiramer

acetate (GA; Copaxone) has provided a safe, effective treatment option for

relapsing–remitting MS patients in the USA, European nations, and other

countries for decades. The objective of the present study was to assess the

safety and efficacy of GA in reducing magnetic resonance imaging disease

activity in Japanese patients with active relapsing–remitting MS.

Methods This phase 2, multicenter, open-label, single-arm, 52-week study

measured the effect of GA 20 mg once-daily on magnetic resonance imag-

ing disease activity. GA efficacy was evaluated through week 36, and safety

through week 52. The primary end-point was change in the mean number

of T1-weighted gadolinium-enhancing (GdE) lesions from pretreatment

(weeks –8, –4 and baseline) to weeks 28, 32 and 36. Secondary end-points

included a change in mean number of new T2-weighted lesions, GdE lesion

and T2 lesion volumes, annualized relapse rate, and Expanded Disability Sta-

tus Scale scores.

Results GA therapy reduced the number of new GdE lesions by 65.66% (95%

CI 33.19–82.35%). The number of new T2 lesions and GdE lesion volume were

also reduced from pretreatment. The annualized relapse rate was reduced by

42% compared with the 1 year before treatment. Changes in T2 lesion vol-

ume and Expanded Disability Status Scale scores were favorable, but less pro-

nounced. Most common adverse events were injection-site reactions.

Conclusions The present study confirmed the well-established safety, toler-

ability and efficacy profile of GA in Japanese MS patients.

Introduction

Multiple sclerosis (MS) is an inflammatory, chronic

disease of the central nervous system mainly affect-

ing young adults.1 The median estimated global inci-

dence and prevalence are 2.5 and 30 per 100 000

persons, respectively.1 Estimates vary widely, and

are influenced by genetic susceptibility, race, geo-

graphic and environmental factors, and the availabil-

ity of diagnostic tools, including magnetic resonance

imaging (MRI) scanners.1 Although the prevalence

of MS in Japan is relatively low (approximately 14

persons per 100 000) compared with Western coun-

tries, several studies show that it is increasing.2
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Axonal injury can occur early in MS, and is asso-

ciated with progressive and permanent disability.3

Most persons with MS are initially diagnosed with

relapsing–remitting disease (RRMS), which is charac-

terized by periods of symptomatic relapse followed

by periods of remission. There is no cure for MS,

and treatment is focused on reducing the relapse

rate, controlling symptoms and delaying disease pro-

gression. Early intervention with disease-modifying

therapies can reduce or prevent accumulating neu-

rodegeneration.4

Glatiramer acetate (GA; Copaxone, Teva Pharma-

ceutical Industries, Petach Tikva, Israel) is a syn-

thetic mixture of polypeptide chains produced from

four amino acids in a fixed ratio.5,6 In clinical trials,

GA significantly reduced disease activity, as evi-

denced by fewer GdE lesions7 and lower annualized

relapse rates (ARR) in patients with RRMS.8,9 GA is

safe and well-tolerated, and its effects on disability

and relapse are sustained with continuous use.10,11

In patients presenting with clinically isolated syn-

drome and brain MRI lesions, early treatment with

GA delayed both a second attack and conversion to

clinically definite MS, and reduced MRI activity.12

GA is indicated as a first-line disease-modifying

therapy for patients with RRMS, and is approved in

57 countries.5 In September 2015, GA was approved

in Japan for treatment of RRMS based on the results

of three pivotal clinical trials that led to approvals in

other countries, and based on the safety and efficacy

results of a phase 2 trial carried out in Japanese

patients.7,8,12 The purpose of the present study was

to assess the safety, tolerability, and efficacy of GA

on MRI measures of disease activity and immune

responses in Japanese patients with RRMS.

Methods

The present multicenter, open-label, single-arm

study of GA in Japanese patients with RRMS was

carried out in accordance with the Declaration of

Helsinki and Good Clinical Practice guidelines, and

was approved by the institutional review board of

each study site. All patients provided written

informed consent before participating.

Patients

Japanese patients aged 18–60 years with confirmed

RRMS (2005 Revised McDonald Criteria13) were eli-

gible. Patients were required to have experienced ≥1
documented relapse within the year before the

screening visit (week –8), but be relapse-free for

≥30 days before screening, and to have one to 15

GdE lesions on any of three screening MRI scans.

Eligibility was limited to patients with an Expanded

Disability Status Scale (EDSS) score of 0–5.14

Exclusion criteria included use of any of the

following before screening: corticosteroids or

adrenocorticotropic hormones (within 30 days),

immunosuppressive treatments (within 6 months),

azathioprine (within 90 days), interferon-b (within

60 days) or intravenous (i.v.) immunoglobulins

(within 60 days). Any previous use of cladribine,

natalizumab, total body or lymphoid irradiation, or

stem cell treatment was also disallowed, as were the

use of plasma exchange or lymphocytapheresis ther-

apy within 6 months of screening or chronic (>30
consecutive days) corticosteroid treatment (within

60 days). Short-term therapy with methylpred-

nisolone for investigator-confirmed relapses was

permissible.

Patients with a diagnosis of opticospinal MS and

those who had previously used GA were excluded.

Women were required to practice an acceptable

form of birth control.

Study schedule

After an 8-week pretreatment screening phase, GA

20 mg/mL was administered subcutaneously (SC) by

self-injection once-daily for 52 weeks. Phase 1, the

efficacy phase of the study, included the 44-week

period between the start of the screening phase and

the end of the first 36 weeks of treatment. Phase 2

began at week 36 and ended at week 52 (study

end). Efficacy and safety measures were evaluated

up to week 36 and week 52, respectively.

End-points

The primary end-point was reduction in the total

number of GdE lesions during weeks –8, –4, and 0

compared with post-treatment (weeks 28, 32 and

36). MRI scans carried out within 30 days after i.v.

corticosteroid administration were excluded from

analyses. Secondary end-points included the number

of GdE lesions at each specified time-point, number

of new T2 lesions (measured by the change in the

total number of new T2 lesions from pretreatment to

weeks 32 and 36), and volumes of GdE and T2
lesions (measured by the change in both from base-

line to each specified time-point). Pretreatment and

post-treatment ARR, and changes in EDSS, func-

tional systems and ambulation index scores were

also assessed.
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Safety was assessed by adverse events (AE), labo-

ratory tests, vital signs, electrocardiogram and physi-

cal examinations. Proliferative responses of

peripheral blood mononuclear cells, presence of

anti-GA antibodies and anti-aquaporin (AQP) 4 anti-

body (measured at week –8 for reference) were ana-

lyzed as immunological safety end-points. AE were

coded using MedDRA/J Version 17 (MedDRA MSSO,

McLean, VA, USA).

Statistical analysis

Assuming that the change in the total number of

GdE lesions from pretreatment to weeks 28, 32 and

36 would be ≥25%, at least 50 participants would be

required to obtain a one-sided a error rate of 2.5%

with a statistical power of 80% using a repeated

measures negative binomial regression model.

Three datasets were defined: (i) the full analysis

population included all patients who received at

least one dose of GA and had at least one MRI in

weeks 28, 32 or 36/early termination discontinua-

tion; (ii) the per-protocol population included

patients who completed phase 1 without significant

protocol deviations; and (iii) the safety analysis set

included all patients who received at least one dose

of GA.

The primary analysis evaluated the change in the

total number of GdE lesions between pretreatment

and the post-treatment periods for patients in the

full analysis set, using a negative binomial regression

model (PROC GENMOD of SAS select

DIST = NEGBIN as MODEL option; SAS Institute,

Cary, NC, USA) with time, age at screening and dis-

ease duration as covariates. The primary efficacy

end-point was met if the lower limit of the 95%

confidence interval (CI) of the change in the total

number of GdE lesions from pretreatment to the last

3 months of the first treatment period was ≥25%.

Missing MRI data were corrected using an “offset”

method based on the logarithm of the percentage of

available scans relative to the maximum number of

scans for that time-period.

Two preplanned sensitivity analyses of the primary

efficacy end-point were carried out by repeating the

primary analysis: (i) without the covariates; and (ii)

by Wilcoxon’s signed-rank test. Three additional

post-hoc sensitivity analyses were also carried out.

They included non-parametric and parametric analy-

ses of all MRI data available regardless of whether a

patient discontinued before week 36 or whether the

scans were taken within 30 days of receipt of i.v.

corticosteroids; and a parametric analysis of MRI

data only for patients who completed 36 weeks of

GA treatment and excluded MRI scans taken within

30 days of i.v. corticosteroid use.

Analyses similar to the primary analysis evaluated

the change in total number of new T2 lesions from

pretreatment (weeks –4 and baseline) to weeks 32

and 36. Over-dispersed Poisson regression using

quasi-likelihood estimation (SAS PROC GENMOD;

SAS Institute) was used to estimate the change in

relapse rate from pre- to post-treatment, and the

ARR during the treatment period with corresponding

90% CI. Summary descriptive statistics were calcu-

lated for EDSS, functional systems and ambulation

index scores, and for changes in these scores from

baseline to each specified time-point.

Results

Study population

The present study was carried out at eight sites in

Japan. Recruitment was unexpectedly slow; more

than 1 year after study start, just 17 patients had

enrolled and received the study drug. The protocol

was amended before analyses of results to limit the

study to these 17 patients. Four patients withdrew

before week 36 (three of whom withdrew before

week 28 and had no post-treatment MRI scan for

efficacy assessment); three because of an AE (ag-

gravation of MS, injection site pain and injection

site erythema) and one due to investigator discre-

tion because of MS relapse. Mean (SD) duration of

GA exposure was 301.8 days (125.7 days). The

median rate of compliance with GA treatment from

baseline to week 52/termination was 99.7% (range

53.6–100.0%). Patient disposition is shown in Fig-

ure 1.

Most patients in the study were women (94.1%),

ages ranged from 29 to 55 years and the mean dis-

ease duration was approximately 7 years (Table 1).

On average, patients experienced two relapses

within the 1-year period before study enrollment

(range 1–10), and the total number of GdE lesions at

baseline recorded during the screening visits ranged

from 1 to 27.

Efficacy

The full analysis population included 17 patients

who received ≥1 dose of GA and had at least one

MRI examination at week 28, 32 or 36/early discon-

tinuation. The per-protocol population comprised 13

patients who had completed study phase 1 (i.e.

week 36).
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Primary end-point

Although the study was underpowered, the pri-

mary end-point was met; there was a significant

reduction in the total number (SE) of GdE lesions

from an adjusted mean of 5.66 (1.31) lesions

pretreatment to an adjusted mean of 1.94 (1.38)

during GA treatment (Fig. 2), reflecting a reduction

of 65.66% (95% CI 33.19–82.35). The lower limit

of the 95% CI (33.19%) exceeded the prede-

fined 25% threshold, showing a significant reduc-

tion in MRI disease activity. Similar results were

observed for patients in the per-protocol data

set (72.07% reduction in GdE lesions; 95% CI

49.50–84.55).

In the preplanned sensitivity analysis using the

negative binominal regression method without

adjustment for covariates, a significant decrease in

the total number of GdE lesions with GA treatment

was observed (65.18%, 95% CI 30.82–82.47). The

second preplanned sensitivity analysis using Wil-

coxon’s signed rank test also showed a significant

reduction in the total number of GdE lesions post-

GA treatment (n = 14; P = 0.0176), consistent with

the primary analysis.

Results of the post-hoc parametric sensitivity anal-

ysis, which included only patients (n = 14) who had

not terminated before week 28 and MRI scans taken

within 30 days of i.v. corticosteroid use, supported

the primary analysis; the total number of GdE

Figure 1 Patient deposition. Of the 36 eligible patients, 19 withdrew before treatment: four due to the judgment of a principal investigator or subin-

vestigator, and 15 due to violating exclusion criteria or deviating from inclusion criteria.
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lesions decreased from 4.64 pretreatment to 1.74

post-treatment (P = 0.0176), showing a change rate

of 62.5% (95% CI 24.03–81.49). In the post-hoc

non-parametric sensitivity analysis that included

MRI scans from all 17 patients and scans taken

within 30 days of i.v. corticosteroid use, the differ-

ence between pre- and post-GA treatment in GdE

lesions yielded a borderline significant result

(P = 0.0682). The post-hoc parametric sensitivity

analysis using the same parameters showed minimal

effect on the change from pre- to post-treatment

number of GdE lesions (�2.31%), and the lower

limit of the 95% CI was below the 25% threshold.

Secondary end-points

MRI secondary end-points for the full analysis popu-

lation showed decreases from pretreatment to post-

treatment time-points. Mean (SD) total number of

pretreatment GdE lesions ranged from 1.6 (1.4) in

week –8 to 2.8 (3.6) in week 0, then decreased dur-

ing treatment to 1.1 (1.4) in week 12, 1.0 (2.1) in

week 28, 0.8 (1.3) in week 32 and 1.4 (3.7) in week

36. The mean change in GdE lesion volume from

baseline was negative, reflecting an effect in favor of

GA at all post-treatment measurements (�0.200 mL

at week 28, �0.187 mL at week 32 and �0.127 mL

at week 36). The point estimate of the total number

of new T2 lesions decreased from an adjusted pre-

treatment mean of 3.28 (weeks –4 and 0) to 1.49

post-treatment (weeks 32 and 36), reflecting a reduc-

tion in favor of GA by 54.36% (90% CI 12.81–76.12;
Fig. 3), supporting the effect obtained in reducing

GdE lesions. T2 lesion volume also decreased.

Similar to the favorable effect on MRI measures,

there were signs of improvements in clinical end-

points. ARR was reduced for all 17 patients by 42%

(90% CI 6.50–63.94), from an adjusted mean of

1.84 relapses/year before treatment to 1.07 relapses/

year during treatment. EDSS scores remained

Figure 2 Effect of glatiramer acetate on the total number of gadoli-

nium (Gd)-enhancing lesions (standard error). The sum of Gd-enhancing

lesions at pretreatment (n = 17) was compared with the sum of Gd-

enhancing lesions post-treatment (n = 14).

Figure 3 Effect of glatiramer acetate on adjusted mean (standard error)

total number of new T2 lesions. The full analysis set consisted of 17

patients. The sum of the new T2-weighted lesions at weeks –4 and 0

(n = 17) was compared with the sum at weeks 32 and 36 post-treat-

ment (n = 14).

Table 1 Demographic and baseline multiple sclerosis clinical character-

istics (week 0)

Parameter n (%)

Sex, n (%)

Men 1 (5.9)

Women 16 (94.1)

Mean age, years [SD] 38.8 [7.5]

Mean disease duration, months [SD] 84.79 [83.74]

Mean EDSS score [SD] 2.47 [1.22]

Mean no. relapses in prior year [SD] 2.0 [2.2]

No. GdE lesions [SD] 6.6 [7.8]

No. new T2 lesions
† [SD] 4.2 [5.7]

EDSS, Expanded Disability Status Scale; GdE, gadolinium-enhancing; SD,

standard deviation.
†Three magnetic resonance imaging scans were carried out in the pre-

treatment period; at week –8 (screening magnetic resonance imaging

where the total number of T2 lesions was assessed), week –4 (new T2

lesions were assessed) and week 0 (baseline, new T2 lesions were

assessed).

Full analysis set included 17 treated patients with multiple sclerosis.
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unchanged for most patients or showed small

decreases (mean [SD] change �0.25 [0.75] at

week 36).

Safety and tolerability

Safety was evaluated for all 17 patients. In all, 93%

of AE were classified as potentially related to the

study drug. All 17 patients experienced at least one

AE during the study. AE reported in ≥3 patients are

shown in Table 2. Most AE considered to be drug-

related involved local injection site reactions (e.g.

erythema, pain, induration).

Four serious AE were reported in three patients

(18%): MS was reported as a serious AE in two

patients, and both events were considered by the

investigator to be related to the study drug; MS

relapse was reported for one patient, which was

also considered to be drug-related; and sinus

bradycardia was reported for one patient, which

was not considered to be related to GA treatment.

There were no deaths. All AE were rated as mild

or moderate severity. The only moderate AE

reported in ≥3 patients was injection site erythema

(n = 4; 24%). Four drug-related AE in four patients

led to study discontinuation (MS relapse, MS,

injection-site swelling and abnormal brain MRI).

All AE but the abnormal brain MRI resolved by

the end of follow up.

Chemistry, immunological and laboratory evaluations

Mild biochemical and hematological changes were

noted in a few patients; none were serious or led to

discontinuation of GA. Changes in urinalysis, vital

signs, electrocardiogram and bodyweight were non-

significant. Peripheral blood mononuclear cells from

seven patients with available data showed no

changes in proliferative response during GA treat-

ment. Sera for all patients were positive for anti-GA

reactive immunoglobulin G antibodies on at least

one time-point during treatment. Tests for anti-

AQP4 antibodies carried out at screening (week –8)
were negative in all 17 patients.

Discussion

The intention of the present study was to enroll 50

patients from 17 Japanese sites. Perhaps because of

the low prevalence of MS in Japan,1 recruitment

was slow, with just 17 patients enrolled at eight sites

more than 1 year after study initiation. The preva-

lence of MS in Japan contrasts sharply with that of

Western regions, such as Europe, where the preva-

lence has been reported to be as high as 80/

100 000.1 Among Asian populations, MS is consid-

ered to have more frequent involvement of the optic

nerve and spinal cord, fewer brain lesions, longer

spinal cord lesions, a higher female-to-male ratio,

older age of onset, more rapid progression of disabil-

ity, and a less frequent incidence of a progressive

course.2,15–17 Prevalence and disease differences

between Caucasians and Asians could reflect distinct

genetic, metabolic, and lifestyle differences between

these ethnic groups.18 For example, the most com-

mon form of MS in Japanese patients is a subtype

associated with the HLA-DRB1*0405 allele, which is

found in more than 40% of all Japanese MS

patients; whereas, the DR15 haplotype and its indi-

vidual alleles are more strongly associated with MS

risk in Caucasians.2 Carriers of the HLA-DRB1*0405

allele who do not have neuromyelitis optica (NMO)

spectrum disorders show fewer brain lesions on MRI

and have a relatively benign disease course, which

might also have hindered patient accrual if many

Japanese patients could not meet study eligibility cri-

teria related to relapse or MRI activity.2 Reported

differences between Asian and Western MS popula-

tions might also be due to the fact that a significant

proportion of patients with NMO/NMO spectrum

disorders, which are more prevalent in Asian

patients, might have been included in previous

Asian MS trials.17 NMO can be distinguished with

76% sensitivity by AQP4 antibody seropositivity.19

In the current study, all participants were negative

for anti-AQP4 antibodies at screening (week –8),
suggesting that patients with NMO were not

enrolled into the study.

Table 2 Most common adverse events occurring in ≥3 patients

Preferred term

All patients

(n = 17)

No. patients Incidence (%) No. events

Injection site erythema 15 88.2 221

Injection site pain 15 88.2 87

Injection site induration 13 76.5 118

Injection site pruritus 12 70.6 107

Injection site swelling 11 64.7 125

Nasopharyngitis 8 47.1 10

Injection site irritation 7 41.2 97

Injection site bruising 7 41.2 15

Injection site warmth 6 35.3 29

Pyrexia 4 23.5 8

Malaise 3 17.6 5

Palpitations 3 17.6 15
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Despite the small number of patients in the study,

GA resulted in a statistically significant and clinically

meaningful reduction of MS disease activity on MRI

as measured by a greater reduction in the total num-

ber of GdE lesions, an indicator of active disease,

than the predefined threshold in these RRMS

patients in Japan. These findings were confirmed

using multiple sensitivity analyses of the primary

end-point. Safety and tolerability outcomes were

also comparable with those of previous studies in

Caucasian patients, with no new safety concerns

emerging.7,8

These findings in Japanese patients are consistent

with those reported by Comi et al.12 for a larger

RRMS patient cohort treated with GA (n = 119),

which showed a significant reduction in total GdE

lesions over 36 weeks with GA versus a placebo in

mainly Caucasian patients. In the current study,

favorable reductions during GA treatment were also

observed for secondary end-points, including the

number of new T2 lesions and GdE lesion volume,

in patients who completed the initial 36-week treat-

ment phase. For all patients, ARR was substantially

reduced by ~42% compared with ARR in the 1 year

before GA treatment.

One limitation of these data was the small number

of participating patients. The patient sample size in

the present study could increase the risk of both

type 1 and 2 errors; however, results of predefined

and post-hoc sensitivity analyses that included early

discontinuation scans showed the robustness of the

GA treatment effect on GdE lesions. The single-arm,

open-label design has well understood limitations on

distinguishing treatment effects from regression to

the mean effects. Regression to the mean effect

occurs in activity-enriched patient populations with

MS, whereby MRI and clinical activity attenuates

over the first 0–6 months after randomization.20

However, reductions in GdE lesions in the current

study were not very different from those reported in

the GALA study of GA 40 mg administered thrice-

weekly, which had a placebo control (44.8% reduc-

tion in GdE lesions vs placebo).21 Furthermore, a

meta-analysis of 21 phase 2 and phase 3 MS trials

showed that the number of GdE lesions at baseline

was a good predictor of short-term MRI disease

activity, specifically, the number of GdE lesions after

6 months of treatment, and might be used to control

for regression to the mean effects in non-placebo-

controlled studies.20

Another potential weakness was the gender imbal-

ance in study participants (16/17 participants were

female). The female-to-male ratio of MS patients in

Japan is approximately three to one.2 Participation

of a single male patient limits the generalizability of

results to Japanese men with RRMS; however, it is

reassuring that there has been no evidence in clini-

cal data reported to date to suggest a gender bias in

response to GA by RRMS patients.22,23

Safety results in this Japanese population were

consistent with those reported for GA 20 mg/day in

predominantly Caucasian patients.7,8,24 Injection site

reactions were the predominant AE. With the excep-

tion of one case of sinus bradycardia, serious AE

were related to underlying disease. Proliferation of

peripheral blood mononuclear cells was unchanged

during GA treatment; evidence shows that GA

induces an anti-inflammatory type II cytokine milieu

in antigen presenting cells, T cells, and B cells

in vitro and in vivo.25–29 Because the development of

neutralizing antibodies can interfere with biological

response to some disease-modifying therapies (no-

tably interferon-b30) serum samples were tested for

the presence of anti-GA antibodies. GA works as an

antigen-based therapeutic vaccine, and as expected,

sera of all patients were positive for anti-GA reactive

immunoglobulin G antibodies in at least one tested

time-point.31 These antibodies have no effect on the

efficacy or safety of GA.32

In summary, GA was associated with significant

improvement in GdE MRI lesions, and the safety

and efficacy of GA in these Japanese patients

were consistent with those in Western Caucasian

populations.
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