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Introduction 
Glatiramer acetate (GA), a heterogeneous mixture of synthetic polypeptides composed of 4 amino acids, is approved for reducing relapse frequency in patients with RRMS, including patients who have experienced a first clinical episode and have magnetic resonance imaging (MRI) features consistent with Multiple Sclerosis (MS). The approved dose of GA is 20 mg given subcutaneously daily. One of the main reasons for discontinuation of GA is injection site reactions. This adverse event impacts adherence to therapy. Adherence is a critical component to successful treatment of chronic diseases such as MS. In an effort to improve adherence different doses and dose frequencies have been investigated for GA. On January 29, 2014 the FDA approved GA 40mg/ml for three times weekly (TIW) injection.
Summary of Clinical Trial Data
Early studies were conducted to evaluate a different dose and/or frequency of administration for GA. A pilot study of 106 patients with chronic progressive MS evaluated a dose of 15 mg GA twice daily. These patients were followed for 2 years and demonstrated adverse event profiles and efficacy to the standard dose GA.2  Subsequently, the safety, tolerability and efficacy of GA 40 mg daily versus the 20 mg daily dose was investigated in a population of  90 patients with RRMS. The primary efficacy endpoint, total number of GdE lesions at months 7, 8, and 9, showed a trend favoring the 40-mg group (38% relative reduction, p=0.0898). A difference between the two dose groups emerged as early as month 3 (52% reduction; p= 0.0051). There was a trend favoring the 40-mg group for relapse rate with benefit on proportion of relapse-free subjects (p=0.0183) and time to first relapse (p=0.0367).3 The safety profile for both GA dose regimens was similar. 
There have been additional trials presented in abstract form. The first was done in 2008 and  was a randomized, prospective, rate-blinded, four year pilot study of GA 20 mg given daily or three times weekly (TIW). This trial randomized 30 treatment naïve RRMS patients. Groups were balanced for age, disease duration, EDSS and relapse rates. After a 2 year follow-up period there was no difference between the groups in terms of Gd or T2 lesions, relapse rate or disease progression. At this point QD patients were allowed to switch to QOD dosing. At 4 years the efficacy remained the same.4 Another pilot trial involved using GA 20 mg dosed daily or bi-weekly. There were 48 RRMS patients randomized into this trial. After two years, the annualized relapse rate, mean EDSS, proportion of relapse-free patients, and the proportion of patients without disease progression were similar in the two groups. Brain MRI did not demonstrate any significant differences in T2W or T1W lesion or in the percentage brain volume change between the two groups. The adverse event profile did differ between the two treatment groups. The incidence of lipoatrophy, local injection site reactions, and immediate-post injection systemic reactions were significantly lower in the GA twice-weekly group.5 
Comi , et al. investigated the use of GA 20 mg or 40 mg injected daily.6 A total of 1,155 eligible patients were randomized either to GA 20mg (n=586) or 40mg (n=569), with 1,024 patients (88.7%) completing the double-blind phase. No difference between the groups was observed in the mean number of confirmed relapses during the double-blind phase (0.28 6 0.58 for patients on GA 20mg and 0.27 6 0.54 for patients on GA 40mg). Similar proportions of patients were free of relapses: 77.0% in the GA 40mg arm and 77.6% in the GA 20mg arm. Additionally, the two groups were similar in various MRI markers of disease activity or rates of brain volume change. Both doses of GA were well-tolerated with only 25 cases (4.3%) of severe adverse events in the GA 20mg arm and 24 (4.3%) in the GA 40mg arm. A similar incidence rate was also seen for injection site reactions: 336 patients (55.6%) in GA 20mg and 330 patients (58%) in GA 40mg, the majority of which were mild.
The pivotal trial for the approval of the GA 40 mg TIW product was the Glatiramer Acetate Low-frequency Administration (GALA) study.7 This trial enrolled patients with RRMS with at least 1 documented relapse in the 12 months before screening, or at least 2 documented relapses in the 24 months before screening. Patients were randomized 2:1 to receive either GA 40mg TIW or placebo for 12 months. The trial randomized 1,404 patients. Those receiving GA 40mg TIW demonstrated a 34% reduction in the risk of confirmed relapse compared with placebo (mean ARR 5 0.331 vs 0.505; risk ratio [RR] 5 0.656, 95% confidence interval [CI] 5 0.539–0.799, p < 0.0001). Additionally, GA 40 mg TIW reduced the cumulative number of new and enlarging T2 lesions by 34.7% (p<0.0001) when measured at six and 12 months, and the cumulative number of gadolinium enhancing lesions by 44.8% (p<0.0001) when measured at six and 12 months, as compared to placebo in patients with RRMS. The most common AEs were injection site reactions with 35.2% of GA 40mg TIW patients and 5.0% of placebo patients reporting these events. The reactions involved erythema (20.9%), injection site pain (10.4%), and pruritis (5.9%). 
 Table 1: Clinical Trial Summary 
	Trial
	Design
	Drug Treatment
	Outcomes
	Results

	P value

	Cohen, 2007
	R, DB, MC parallel group,
	GA 20 mg QD versus GA 40 mg QD
	GdE lesions
Relapse free subjects

Time to first relapse

	GA20(n=44)
3.62
23 (NNT 1.9)
80 days
	GA 40 (n=46)
2.26

35 (NNT 1.3)

213 days
	P=0.09

P=0.02

P=0.04

	Comi, 2011
	R, DB, MC parallel group,
	GA 20 mg QD versus GA 40 mg QD
	ARR

Relapse free patients

GdE lesions(month 12)
New T2 lesions at month 12

	GA 20 (N=586)
0.33
77.6%

0.68

2.87
	GA 40 (N=569)
0.35

77%

0.54

2.72
	P=0.486

P=1

*
*

	Khan, 2013
	R, PC, DB, MC parallel group, 
	GA 40 mg TIW versus placebo
	ARR

Time to first relapse (days)
Relapse free patients

GdE lesions(cumulative)

T2 lesions (new)

Change in brain volume
	GA (N=943)
0.331

393

77%

0.905

3.650

-0.706
	Placebo (N=461)
0.505

377

65.5%

1.639

5.592

-0.645
	<0.0001

<0.0001

<0.0001

<0.0001

<0.001

0.21


R= randomized, PC= placebo controlled, DB= double blind, MC= multicenter, GA= glatiramer acetate, TIW=three times weekly, QD=daily, 
* Regression model did not converge
Safety
Refer to the manufacturer’s prescribing information for complete safety information.1
Contraindications: GA 40 mg TIW is contraindicated in patients with known hypersensitivity to glatiramer acetate or mannitol.
Warnings and Precautions: 
Immediate Post-Injection Reaction
Approximately 2% of patients exposed to GA 40 mg in a placebo-controlled trial compared to none on placebo experienced a constellation of symptoms immediately after injection that included at least two of the following: flushing, chest pain, palpitations, anxiety, dyspnea, constriction of the throat, and urticaria.

Chest pain

Approximately 2% of patients exposed to GA 40 mg in a placebo-controlled trial compared to 1% of placebo patients experienced at least one episode of transient chest pain. While some of these episodes occurred in the context of the Immediate Post-Injection Reaction described above, many did not

Lipoatrophy and Skin Necrosis
Approximately 0.5% of patients exposed to GA 40 mg in a single placebo-controlled trial and none on placebo developed lipoatrophy. Skin necrosis has only been observed in the post-marketing setting. Lipoatrophy may occur at various times after treatment onset (sometimes after several months) and is thought to be permanent.

Deaths and Other Serious Adverse Events (Sentinel Events): 
No deaths or serious adverse events have been reported by the manufacturer. 
Adverse Reactions:  
Table 2: Adverse reactions in a controlled clinical trial with an incidence ≥2% of patients and more frequent with GA 40 mg TIW than with placebo   
	
	Placebo

(n=461)
	GA 40 mg/mL

(n=943)

	Injection Site Erythema 
	2%
	22%

	Injection Site Pain 
	2%
	10%

	Injection Site Mass 
	0%
	6%

	Injection Site Pruritus 
	0%
	6%

	Injection Site Edema 
	0%
	6%

	Pyrexia 
	2%
	3%

	Influenza-like Illness 
	2%
	3%

	Injection Site Inflammation 
	0%
	2%

	Chills 
	0%
	2%

	Chest Pain 
	1%
	2%

	Nasopharyngitis 
	9%
	11%

	Respiratory Tract Infection Viral 
	2%
	3%

	Dyspnea 
	0%
	3%

	Vasodilatation 
	0%
	3%

	Nausea 
	1%
	2%

	Erythema 
	0%
	2%

	Rash 
	1%
	2%


Table 3: Percentage of patients experiencing AE with a frequency differing by 5% or greater in the GA 40 mg group when compared to the GA 20 mg group Cohen 3
	
	GA 20 mg (N=44)
	GA 40 mg (N=46)

	Injection site burning
	13.6%
	28.3%

	Injection site mass
	20.5%
	34.8%

	Injection site pain
	20.5%
	30.4%

	Urticaria
	2.3%
	10.9%

	Any IPIR
	22.7%
	32.6%


Table 4: Adverse Reactions in Comi6 trial

	
	Mild ISR
	Mod ISR
	Severe ISR

	GA 20 mg
	615 (79%)
	145 (19%)
	16 (2%)

	GA 40 mg
	628 (76%)
	175 (21%)
	21 (3%)


Pregnancy and Nursing Mothers: GA 40 mg TIW is Pregnancy Category B. Administration of glatiramer acetate by subcutaneous injection to pregnant rats and rabbits resulted in no adverse effects on offspring development. There are no adequate and well-controlled studies in pregnant women. It is not known 
Conclusions
Literature evidence demonstrates

· Studies by Cohen and Comi show glatiramer 20 mg QD and 40 mg QD provide equal benefit

· Preliminary abstract evidence shows glatiramer 20 mg dosed QD or QOD has equal efficacy

· Preliminary abstract evidence shows glatiramer 20 mg dosed QD or twice weekly has equal

· efficacy

· Approval trial (GALA) showed glatiramer 40mg TIW is superior to placebo

Evidence lacking

· That glatiramer 40 mg TIW is equal or superior to glatiramer 20 mg QD. If we convert a patient  from 20 mg QD to 40 mg TIW we do not have evidence to demonstrate we are providing them the same level of DMT coverage as glatiramer 20 mg QD since the approval trial was against placebo

· That glatiramer 20 mg TIW may equal 40mg TIW (extrapolating the data from the QD trials where they were equal)
While there is a reduced number of injections with the GA 40 mg TIW formulation this benefit needs to be evaluated in relation to the cost of the product and the benefits that alternate MS disease modifying therapies can offer.
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