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 Multiple sclerosis (MS) is a chronic inflammatory 

demyelinating and neurodegenerative disease of 

the central nervous system (CNS) with a highly 

variable clinical course.  

 

 The current classification distinguishes between 

relapsing and progressive forms of the disease. 



 Relapsing forms (RFMS) are characterized by 

clearly defined attacks of new or increasing 

neurological symptoms. 

 

 

  However, at subclinical threshold, these patients 

show in magnetic resonance imaging (MRI) new 

T2 and/or Gadolinium enhancing lesions 



  In contrast, progressive forms are characterized 

by worsening neurological function (accumulation 

of disability) since the onset of symptoms 

(primary progressive MS) or after a relapsing 

remitting phase (secondary progressive MS) 



 Neurodegeneration probably begins from the first 

inflammatory events, but due to brain reserve 

and compensatory mechanisms, it may not 

always be clinically evident. 

 

  However, in light of such evidence (showing an 

early and intensive axonal and neuronal 

damage), the idea of RFMS as a benign disease 

cannot be more accepted  



 In recent years, compelling data has shown the 

possibility to suppress the inflammatory activity 

of RFMS by new and potent anti-inflammatory 

drugs.  

 

 But, all of these therapies focus on the immune 

system, mostly in the periphery, and they are not 

able to prevent neurodegeneration directly. 



 Due to their only indirect antineurodegenerative 

effects, these drugs should be used in their best 

therapeutic window of opportunity, when 

inflammation plays a significant role. 



 The actual MS treatment paradigm pursues the 

early control of the inflammatory aspects of the 

disease, which are defined by clinical relapses 

and MRI activity. 

 

 RFMS drugs are categorized in different 

categories of efficacy and burden of therapy, with 

the possibility to do therapeutic switches in the 

case of therapeutic failure or safety alarms 



 Cancer is a monophasic, mostly fatal, disease 

while MS shows extreme variability along its 

long-term course. 

 

  Moreover, the biological system(s) in cancer, 

which should be target by therapy (ies), are 

usually well defined, in MS still not 



 The ability of monitoring the disease activity in 

cancer let the clinicians to identify early 

responders and non responders to therapy.  

 

 That is not the actual reality for MS, where the 

identification of active patients and the 

monitoring of disease activity remain a challenge 



 A personalized treatment approach in MS 

(tailoring therapies on MS characteristics of the 

individual patient) is our future aim 
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THE FIVE RIGHTS 

A DESTINATION WITHOUT A MAP 

MATTHEW GRISSINGER, RPH, FASCP 

  

 the right patient,  

 the right drug,  

 the right time, 

  the right dose,  

 and the right route 
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SURVIVAL AND CAUSE OF DEATH IN MULTIPLE SCLEROSIS: A 60-

YEAR LONGITUDINAL POPULATION STUDY. 

LUNDE HMB1, ASSMUS J2, MYHR KM1,3, BØ L1,4, GRYTTEN N4. 

 
 Median life expectancy was 74.7 years for MS 

and 81.8 years for the 

general population (p<0.001); 77.2 years for 

women with MS and 72.2 years for men with MS 

(p<0.001).  

 

 A rise in survival in MS was observed during the 

entire observation period. 
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RITUXIMAB-

INDUCED HYPOGAMMAGLOBULINEMIA IN PATIENTS WITH NEUROMYELITIS OPTICA SPECTRUMD

ISORDERS. 

MARCINNÒ A1, MARNETTO F1, VALENTINO P1, MARTIRE S1, BALBO A1, DRAGO A1, LETO 

M1, CAPOBIANCO M1, PANZICA G1, BERTOLOTTO A1. 

  

 RTX reduced total IgG by 0.42 g/L per year, IgA 

by 0.08 g/L per year, and IgM by 0.07 g/L per 

year. Hypogammaglobulinemia(hypo-IgG) (IgG < 

7 g/L) developed in 11/15 patients. 

 

  Severe hypo-IgG (IgG < 4 g/L) was found in 

3/15 patients, of whom 2 patientsdeveloped 

serious infectious complications. 
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 Results obtained in this study suggest the 

importance of monitoring total and specific Ig 

levels before and during treatment with anti-

CD20 drugs to prevent hypo-Ig-related 

complications and to optimize clinical 

management. 
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Dimethylfumarate Impairs Neutrophil 

Functions. 

Müller S1, Behnen M2, Bieber K1, Möller 
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 The patient is a 30-year old female a known case 

of MS from 2011. 

 

 Interferon beta 1b started for and she was more 

or less stable till 2013, when she developed a 

sever exacerbation 

 

 



 Fingolimod started for her after first dose 

observation and she was stable for 12 months.  

 

 The patient stopped  Fingolimod usage due to 

pregnancy planning.  

 

 The patient experienced a sever relapse 25 days 

following Fingolimod discontinuation and 

admitted for further evaluation 









BRAIN BEHAV. 2017 MAY 8;7(6):E00696.  

THE INNOVATIVE DEVELOPMENT IN INTERFERON BETA TREATMENTS OF RELAPSING-REMITTING MULTIPLE 

SCLEROSIS. 

MADSEN C. 

 

 Acknowledging that until 20 some years ago the 

treatment of MS patients focused mainly on 

treating relapses with systemic corticosteroids 

and providing various symptomatic treatment, 

the introduction of interferon beta therapies in 

1993 (interferon beta-1b) and in 1996 (interferon 

beta-1a) fundamentally changed the MS 

treatment paradigm 
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 For patients, treatment transferred from 

symptomatic management into disease modifying 

long-term therapy, and for neurologists their 

roles changed from passively observing and 

awaiting patient worsening into proactively 

treating the underlying disease in the MS 

patients. 



 Since then several other DMTs have been 

approved for the treatment of MS. 

 

  However, with a growing body of evidence on the 

long-term benefits by reduction of disability 

progression, reduced mortality, and data to 

suggest maternal and fetal relative safety in 

pregnancy outcomes — interferons maintain an 

important role in the treatment of RRMS 



 interferon beta therapies have been shown to 

reduce the number of relapses by an average of 

30% compared to placebo and in particular the 

number of severe relapses is reduced. 

 

 Furthermore, interferon beta delays the 

development of permanent neurological disability 

and disease activity evaluated by magnetic 

resonance imaging (MRI). 



 Treatment with interferon beta prolongs the time 

to CDMS and reduces relapse rate and disease 

progression. 

 

 Retrospectively, it proved itself to be a clinical 

paradox that the window of opportunity for 

obtaining maximum benefit from the DMT was 

narrowed considerably over time. 



 On one hand a patient with little or no current 

disease activity (i. e., relapse) was ineligible to 

receive interferon beta, however, after 

subsequently experiencing disability progression 

following a relapse, the patient was at risk of 

having missed the opportunity for receiving 

disease modifying treatment.  

 

 Fortunately, treatment with interferon beta is 

initiated earlier 



 PHARMACODYNAMIC PROPERTIES OF            

INTERFERONS IN MS     

 Interferons are a family of naturally occurring 

proteins that are produced by eukaryotic cells in 

response to viral infection and other biological 

inducers. 

 

  Interferons are cytokines that mediate antiviral, 

anti-proliferative, and immunomodulatory 

activities. 



 Three major forms of interferons have been 

distinguished: alpha, beta, and gamma. 

 

 

  Interferons alpha and beta are classified as Type 

I interferons and interferon gamma is a Type II 

interferon.  



 The mechanism of action of interferon beta is 

complex, involving effects at multiple levels of 

cellular function. 

 

  Interferon beta appears to directly increase 

expression and concentration of anti-

inflammatory agents while down regulating the 

expression of proinflammatory cytokines. 



 Interferon beta exerts its biological effects by 

binding to specific receptors on the surface of 

human cells.  

 

 

 This binding initiates a complex cascade of 

intracellular events that leads to the expression 

of numerous interferon-induced gene products 

and markers. 





INT J MOL SCI. 2015 JUL 6;16(7):15271-86. 

INTERFERON BETA-1A (AVONEX®) AS A TREATMENT OPTION FOR UNTREATED PATIENTS 

WITH MULTIPLE SCLEROSIS (AXIOM): A PROSPECTIVE, OBSERVATIONAL STUDY. 

KLEINSCHNITZ C, NIEMCZYK G, REHBERG-WEBER K, WERNSDÖRFER C. 

 
 RRMS patients with a treatment-free interval of 

at least three months were included and treated 

with IFNb-1a for up to 12 months.  

 

 Relapse rate, disability progression, injection-

related parameters and quality of life observed 

during the prospective part were compared with 

retrospectively-collected data.  
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 Two hundred and thirty five RRMS patients 

participated in AXIOM.  

 

 The mean relapse rate decreased from 1.1 in the 

three months before baseline to 0.2 per quarter 

during the twelve-month observational period 

 

 MSFC improved during twelve months of IM 

IFNb-1a treatment, while the EDSS did not 

change over the course of this study.  



J NEUROL SCI. 2014 JUL 15;342(1-2):16-20.  

COGNITIVE DYSFUNCTION IN PATIENTS WITH MULTIPLE SCLEROSIS TREATED WITH 

DIFFERENT TYPES OF INTERFERONBETA: A RANDOMIZED CLINICAL TRIAL. 

MOKHBER N1, AZARPAZHOOH A2, OROUJI E3, RAO SM4, KHORRAM B5, SAHRAIAN 

MA6, FOROGHIPOOR M3, GHARAVI MM7, KAKHI S8, NIKKHAH K9, AZARPAZHOOH MR3. 

 
 Ninety newly diagnosed, definite MS subjects 

referred to Ghaem Medical Center, Mashhad, 

Iran, were enrolled into this study between 2006 

and 2009.  

 

 They were randomly categorized into three DMT 

groups; Avonex, Rebif and Betaferon.  

 

 Cognition status was assessed in MS patients at 

baseline and 12 months after treatment with 

DMTs using the 5 tests of the Brief Repeatable 

Battery of Neuropsychological Tests (BRB-N). 
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 The Symbol Digit Modalities Test scores 

improved in all groups at 12 month vs. baseline 

(Avonex: 34.50 vs. 38.95, p=0.011; Rebif: 35.30 vs. 

40.13, p=0.001; Betaferon: 26.18 vs. 29.32, 

p=0.029).  

 

 The Selective Reminding Test (SRT)-Total, the 

10/36-Delay, and the Paced Auditory Serial 

Addition Test-Easy were improved in Avonex and 

Rebif but not in Betaferon group. 



 The SRT-Delay and Word List Generation were 

improved only in the Avonex group.  

 

 

 There was no significant difference in other 

components of the BRB-N among these three 

treatment groups. 



 Different types of DMTs may improve some 

aspects of cognitive function in patients with MS. 

 

 

  Treatment with Avonex and Rebif (Interferon 

beta-1a preparations) were more helpful in 

resolving the cognitive impairments in MS 

patients compared to Betaferon (Interferon beta-

1b) as investigated in this study. 



CLIN NEUROL NEUROSURG. 2012 SEP;114(7):986-9.  

COMPARING EFFICACY AND SIDE EFFECTS OF A WEEKLY INTRAMUSCULAR BIOGENERIC/BIOSIMILAR 

INTERFERON BETA-1A WITH AVONEX IN RELAPSING REMITTING MULTIPLE SCLEROSIS: A DOUBLE BLIND 

RANDOMIZED CLINICAL TRIAL. 

NAFISSI S, AZIMI A, AMINI-HARANDI A, SALAMI S, SHAHKARAMI MA, HESHMAT R. 

 

   

 31 patients (mean±SD of age=33.7±7.0; 7 males 

and 24 females) in the Avonex and 29 patients 

(mean±SD of age=32.2±9.2; 8 males and 21 

females) in the CinnoVex group completed full 24 

months of study period. 
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 Decrease in EDSS was 1.05±0.24, p=0.62 in the 

Avonex and 0.16±0.88, p=1.0 in 

the CinnoVex group after 12 months and 

0.27±1.05, p=0.46 in the Avonex and 0.16±1.06, 

p=1.0 in the CinnoVex group after 24 months. 



 There was no statistically significant difference 

in attack number between two groups . 

 Volume of T2-weighted lesions on MRI showed a 

progressive significant increase in the 12th 

month  in Avonex treated patients compared with 

first image (p=0.01).  

 But number of gadolinium-enhancing lesions 

in CinnoVex showed statistically significant 

decrease after 12 months.  

 However, there were no significant differences 

between groups after 24 months. 



J RES PHARM PRACT. 2016 JUL-SEP;5(3):181-5. 

QUALITY OF LIFE IN RELAPSING-REMITTING MULTIPLE SCLEROSIS PATIENTS 

RECEIVING CINNOVEX COMPARED WITH AVONEX. 

HATAM N1, BASTANI P2, SHAHTAHERI RS3. 

 
 MS groups did not differ in physical and mental 

health composite scores as well as relative scales. 

 

 

  The results of regression models for each 

subscale showed that age, marriage, and 

Expanded Disability Status Scale were 

associated with several subscales of the MSQoL-

54 (P < 0.05). 
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LANCET. 1998 NOV 7;352(9139):1498-504. 

RANDOMISED DOUBLE-BLIND PLACEBO-CONTROLLED STUDY OF INTERFERON BETA-1A IN 

RELAPSING/REMITTING MULTIPLE SCLEROSIS. PRISMS (PREVENTION OF RELAPSES AND DISABILITY BY 

INTERFERON BETA-1A SUBCUTANEOUSLY IN MULTIPLE SCLEROSIS) STUDY GROUP. 

 

 560 patients with EDSS scores of 0-5.0, from 22 

centres in nine countries, were randomly 

assigned subcutaneous recombinant interferon 

beta-1a 22 microg (n=189), or 44 microg (n=184), 

or placebo (n=187) three times a week for 2 years. 

 

 All patients had MRI twice yearly and 205 had 

monthly scans in the first 9 months of treatment. 
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 The relapse rate was significantly lower at 1 and 

2 years with both doses of interferon beta-1a 

than with placebo.  



 Time to first relapse was prolonged by 3 and 5 

months in the 22 microg and 44 microg groups 

respectively, and the proportion of relapse-free 

patients was significantly increased (p<0.05).  

 

 Interferon beta-1a delayed progression in 

disability, and decreased accumulated disability 

during the study.  



 The accumulation of burden of disease and 

number of active lesions on MRI was lower in 

both treatment groups than in the placebo group. 

 

 

 Subcutaneous interferon beta-1a is an effective 

treatment for relapsing/remitting MS in terms of 

relapse rate, defined disability, and all MRI 

outcome measures in a dose-related manner, and 

it is well tolerated. 



PLOS ONE. 2014 MAR 13;9(3):E91098. DOI: 10.1371/JOURNAL.PONE.0091098. ECOLLECTION 2014. 

EFFECT OF TREATMENT WITH INTERFERON BETA-1A ON CHANGES IN VOXEL-WISE 

MAGNETIZATION TRANSFER RATIO IN NORMAL APPEARING BRAIN TISSUE AND LESIONS OF 

PATIENTS WITH RELAPSING-REMITTING MULTIPLE SCLEROSIS: A 24-WEEK, CONTROLLED PILOT 

STUDY. 

ZIVADINOV R, DWYER MG, MARKOVIC-PLESE S, KENNEDY C, BERGSLAND N, RAMASAMY 

DP, DURFEE J, HOJNACKI D, HAYWARD B, DANGOND F, WEINSTOCK-GUTTMAN B. 

  

 The significant change in NABT volume with 

increasing VW-MTR at 12 weeks suggests that 

active remyelination in patients with RRMS may 

occur during treatment with IFN β-1a SC. 

 

 Findings from two patients with the highest 

number of Gd-enhancing lesions at baseline 

suggest that extensive remyelination in NABT 

may occur in patients with high disease activity. 
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J NEUROL. 2004 SEP;251 SUPPL 5:V42-V49. 

IMPORTANCE OF BENEFIT-TO-RISK ASSESSMENT FOR DISEASE-MODIFYING DRUGS 

USED TO TREAT MS. 

FRANCIS GS 

 

 Evidence-based medicine approaches treatment 

effect by determining the number of patients who 

must be treated in order to achieve a desired 

outcome (NNT) 

 

 In MS, this can be avoiding a relapse or 

maintaining an additional patient relapse-free, or 

maintaining an additional patient progression-

free. 
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 Generally, NNT and NNH (number needed to 

harm, i. e., the number of patients needed to 

treat for an adverse outcome) values are rounded 

up to the next integer. 



 For NNT, lower values indicate better outcomes 

than higher values. 

 

 For NNH, higher values are better than lower 

values. 

 







 As can be seen from the tables, the IFN products 

have consistently lower NNT values than GA, 

suggesting that IFN is more effective as an MS 

therapy. 

 

  In addition, the IFN products have substantially 

lower NNT than NNH values, regardless of 

definitions used, indicating a favourable benefit-

to-risk ratio compared with placebo. 



J NEUROL NEUROSURG PSYCHIATRY. 2017 APR;88(4):285-294.  

SUBCUTANEOUS INTERFERON Β-1A IN THE TREATMENT OF CLINICALLY ISOLATED SYNDROMES: 3-YEAR AND 5-YEAR 

RESULTS OF THE PHASE III DOSING FREQUENCY-BLIND MULTICENTRE REFLEXION STUDY. 

COMI G1, DE STEFANO N2, FREEDMAN MS3, BARKHOF F4,5, UITDEHAAG BM6, DE VOS M7, MARHARDT K8, CHEN 

L9, ISSARD D10, KAPPOS L11. 

 
 Early treatment following a first clinical 

demyelinating event (FCDE) delays further 

disease activity in patients with multiple 

sclerosis (MS).  

 

 This study determined the effects of early versus 

delayed treatment (DT) with 

subcutaneous interferon (sc IFN) β-1a 44 μg in 

patients with an FCDE up to 60 months 

postrandomisation. 
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 Patients who completed the 24-month double-

blind REFLEX (REbif FLEXible dosing in early 

MS) study entered an extension (REFLEXION, 

REbif FLEXible dosing in early MS extensION):  

 patients initially randomised to sc IFN β-1a and 

not reaching clinically definite MS (clinically 

definite MS, CDMS (second attack or EDSS 

increase) continued original treatment (three 

times weekly (tiw) or once weekly (qw)); placebo 

patients switched to tiw (DT); patients with 

CDMS switched to tiw. 



  At month 60, cumulative probability of CDMS 

was: DT 44.6%; qw 40.7% (nominal p=0.084 vs 

DT); tiw 39.2% (nominal p=0.032 vs DT).  

 

 Cumulative probability of McDonald MS 

conversion (CDMS or new MRI activity) at month 

60 was also reduced for tiw versus DT (nominal 

p<0.001). 



 At month 60, mean cumulative numbers of new 

T2, gadolinium-enhancing and T1 hypointense 

lesions were lower with sc IFN β-1a qw (nominal 

p<0.05) and tiw versus DT (nominal p<0.001); T2 

and T1 hypointense lesion volume change was 

lower for sc IFN β-1a tiw versus DT (nominal 

p<0.01). 



 

 

 Over 5 years in patients presenting with an 

FCDE, early sc IFN β-1a tiw administration 

versus DT prolonged time to CDMS and 

McDonald MS, and reduced overall MRI activity. 



THER ADV NEUROL DISORD. 2017 JAN;10(1):18-32.  

COGNITION AND FATIGUE IN PATIENTS WITH RELAPSING MULTIPLE SCLEROSIS TREATED BY 

SUBCUTANEOUS INTERFERON Β-1A: AN OBSERVATIONAL STUDY SKORE. 

BENEŠOVÁ Y1, TVAROH A2. 

 
 Fatigue is probably the most common symptom, 

with up to 90% of MS individuals reporting 

fatigue at some point.  

 

 

 Cognitive impairment affects about 50% of 

patients and may be present at all MS stages.  
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 Cognition status was assessed using the Paced 

Auditory Serial Addition Task (PASAT), fatigue 

using the Fatigue Descriptive Scale (FDS), and 

disability using the Expanded Disability Status 

Scale (EDSS), at baseline, and after 6, 12 and 

24 months. 



 The proportion of patients with cognitive 

improvement was higher compared with those 

with a stable or decreased PASAT scores at all 

time points, and the average cognitive 

performance improved during the follow-up 

period. 



 Also the proportion of patients with stable or 

improved fatigue and EDSS scores was higher 

compared with those in which FDS or EDSS 

scores declined, this was found at all time points 

of the analysed sample. 

 

  However, the direct effect of IFN β-1a on 

cognition and fatigue cannot be concluded from 

this study. 



 An exploratory study of the relationship between 

cumulative exposure to subcutaneous (sc) 

interferon (IFN) β-1a treatment and other 

possible prognostic factors with long-term clinical 

outcomes in relapsing-remitting multiple 

sclerosis  

J NEUROL NEUROSURG PSYCHIATRY. 2015 NOV;86(11):1202-7.  

FACTORS INFLUENCING LONG-TERM OUTCOMES IN RELAPSING-REMITTING MULTIPLE SCLEROSIS: PRISMS-15. 

KAPPOS L, KUHLE J, MULTANEN J, KREMENCHUTZKY M, VERDUN DI CANTOGNO E, CORNELISSE P, LEHR L, 

CASSET-SEMANAZ F, ISSARD D, UITDEHAAG BM. 
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 Patients in the original PRISMS study were 

invited to a single follow-up visit 15 years after 

initial randomisation (PRISMS-15). 

 

  Outcomes over 15 years were compared in the 

lowest and highest quartile of the cumulative sc 

IFN β-1a dose groups, and according to total time 

receiving sc IFN β-1a as a continuous variable 

per 5 years of treatment. 



 Most patients with RRMS (>80%) will develop 

secondary–progressive MS (SPMS) over 

25 years,with a median time to progression 

ranging from approximately 15–21 years after 

disease onset. 

 Owing to the lifelong course of MS, it is 

important to determine potential baseline or 

early prognostic factors for long-term outcomes. 



 Higher cumulative dose exposure and longer 

treatment time appeared to be associated with 

better outcomes on: annualised relapse rate, 

number of relapses, time to Expanded Disability 

Status Scale (EDSS) progression, change in 

EDSS, proportions of patients with EDSS ≥ 4 or ≥ 

6, ≤ 5 relapses and EDSS <4 or <6, and time to 

conversion to secondary-progressive MS (SPMS).  



 Higher dose exposure was associated with lower 

proportions of patients with EDSS progression 

and conversion to SPMS, and longer time on 

treatment with lower risk of first relapse 

 

 Change in EDSS from baseline to 24 months was 

a strong predictor of evaluated clinical outcomes 

over 15 years. 



 These findings suggest that higher cumulative 

exposure to sc IFN β-1a may be associated with 

better clinical outcomes, and early change in 

EDSS score may have prognostic value, over 

many years, in RRMS. 



 In the MAX cumulative dose group, only 20.8% of 

patients had converted to SPMS over 15 years, 

compared with 52.1% in the MIN dose group 

 

 The positive association of higher treatment 

exposure with more favourable outcomes 

suggests that starting treatment early and 

maintaining adherence over the long term may 

be important for optimal clinical outcomes 



EXPERT OPIN DRUG DELIV. 2017 DEC 5:1-9.  

EASE OF USE OF TWO AUTOINJECTORS IN PATIENTS WITH MULTIPLE SCLEROSIS TREATED WITH INTERFERON 

BETA-1A SUBCUTANEOUSLY THREE TIMES WEEKLY: RESULTS OF THE RANDOMIZED, CROSSOVER REDEFINE 

STUDY. 

WRAY S1, HAYWARD B2, DANGOND F2, SINGER B3. 

 
 Of 97 randomized patients, 29 had most recent 

experience with manual injection; 23 with single-

use autoinjector; and 45 with 

reusable autoinjector.  

 68.4% found using the single-

use autoinjector very easy or easy, versus 77.9% 

for the reusable device (difference -9.5%; 

p = 0.200).  

 40.0% versus 29.5% found the respective devices 

very easy (difference 10.5%; p = 0.203). 
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NEUROLOGY. 1995 JUL;45(7):1268-76. 

COPOLYMER 1 REDUCES RELAPSE RATE AND IMPROVES DISABILITY IN RELAPSING-REMITTING MULTIPLE 

SCLEROSIS: RESULTS OF A PHASE III MULTICENTER, DOUBLE-BLIND PLACEBO-CONTROLLED TRIAL. THE 

COPOLYMER 1 MULTIPLE SCLEROSIS STUDY GROUP. 

JOHNSON KP1, BROOKS BR, COHEN JA, FORD CC, GOLDSTEIN J, LISAK RP, MYERS LW, PANITCH HS, ROSE 

JW, SCHIFFER RB. 

 

 Two hundred fifty-one patients were randomized 

to receive copolymer 1 (n = 125) or placebo (n = 

126) at a dosage of 20 mg by daily subcutaneous 

injection for 2 years. 

 

 The final 2-year relapse rate was 1.19 +/- 0.13 for 

patients receiving copolymer 1 and 1.68 +/- 0.13 

for those receiving placebo, a 29% reduction in 

favor of copolymer 1 (p = 0.007) (annualized rates 

= 0.59 for copolymer 1 and 0.84 for placebo).  
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 Trends in the proportion of relapse-free patients 

and median time to first relapse favored 

copolymer 1. 

 

 When the proportion of patients who improved, 

were unchanged, or worsened by > or = 1 EDSS 

step from baseline to conclusion (2 years) was 

evaluated, significantly more patients receiving 

copolymer 1 were found to have improved and 

more receiving placebo worsened (p = 0.037).  



 Patient withdrawals were 19 (15.2%) from the 

copolymer 1 group and 17 (13.5%) from the 

placebo group at approximately the same 

intervals. 

 The treatment was well tolerated.  

 The most common adverse experience was an 

injection-site reaction.  

 Rarely, a transient self-limited systemic reaction 

followed the injection in 15.2% of those receiving 

copolymer 1 and 3.2% of those receiving placebo. 



ANN NEUROL. 2011 JAN;69(1):75-82.  

PHASE III DOSE-COMPARISON STUDY OF GLATIRAMER ACETATE FOR MULTIPLE SCLEROSIS. 

COMI G, COHEN JA, ARNOLD DL, WYNN D, FILIPPI M; FORTE STUDY GROUP. 

 

 To evaluate the safety, tolerability, and efficacy 

of glatiramer acetate (GA) 40 mg compared to a 

20mg dose 

 

 Patients with MS with ≥ 1 documented relapse in 

12 months prior to screening, or ≥ 2 documented 

relapses in 24 months prior to screening, and 

EDSS score 0 to 5.5 were enrolled. 
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 A total of 1,155 patients randomized to GA 20 mg 

(n = 586) or 40 mg (n = 569).  

 The groups were well-matched at baseline on 

demographic, clinical, and MRI characteristics.  

 The primary endpoint was similar in both groups 

with mean ARR of 0.33 for the 20 mg group, 0.35 

for the 40 mg group, and 0.27 for patients from 

both groups who completed the entire 1-year 

treatment. 



 A total of 77% of patients remained relapse-free in 

both groups. 

 

  Both groups showed a reduction in mean number of 

gadolinium-enhancing and new T2 lesions over time 

with trend for faster reduction in the first trimester 

with the 40 mg dose compared with 20 mg dose.  

 

 Both doses were well-tolerated with a safety profile 

similar to that observed in previous studies of 20 mg 

GA. 

 

 



 

 In relapsing-remitting MS patients, both the 

currently-approved GA 20 mg and 40 mg doses 

were safe and well-tolerated, with no gain in 

efficacy for the higher dose. 



ANN NEUROL. 2013 JUN;73(6):705-13.  

THREE TIMES WEEKLY GLATIRAMER ACETATE IN RELAPSING-REMITTING MULTIPLE 

SCLEROSIS. 

KHAN O1, RIECKMANN P, BOYKO A, SELMAJ K, ZIVADINOV R; GALA STUDY GROUP. 

 

 This randomized, double-blind study was 

conducted in 142 sites in 17 countries.  

 

 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, and an EDSS≤ 5.5, were 

randomized 2:1 to receive either sc GA 40mg tiw 

(1ml) or placebo for 12 months. 
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 Of 1,524 patients screened, 1,404 were 

randomized to receive GA 40mg sc tiw (n = 943) 

or placebo (n = 461). 

 

  Ninety-three percent and 91% of patients in the 

placebo and GA groups, respectively, completed 

the 12-month study.  

 

 GA 40mg tiw was associated with a 34.0% 

reduction in risk of confirmed relapses compared 

with placebo (mean ARR= 0.331 vs 0.505; p < 

0.0001). 



 Patients who received GA 40mg tiw experienced 

highly significant reduction (p < 0.0001) in the 

cumulative number of gadolinium-enhancing T1 

(44.8%) and new or newly enlarging T2 lesions 

(34.7%) at months 6 and 12.  

 

 GA 40mg tiw was safe and well tolerated. The 

most common adverse events in the GA group 

were injection site reactions (35.5% with GA vs 

5.0% with placebo). 



MULT SCLER. 2016 AUG 8. 

EFFICACY AND SAFETY OF A THREE-TIMES-WEEKLY DOSING REGIMEN 

OF GLATIRAMER ACETATE IN RELAPSING-REMITTING MULTIPLE SCLEROSIS 

PATIENTS: 3-YEAR RESULTS OF THE GLATIRAMER ACETATE LOW-FREQUENCY 

ADMINISTRATION OPEN-LABEL EXTENSION STUDY. 

KHAN O1, RIECKMANN P2, BOYKO A3, SELMAJ K4, ASHTAMKER N5, DAVIS 

MD6, KOLODNY S7, ZIVADINOV R8. 

  

 GA is a first-line therapy approved for the 

treatment of RRMS that has a well-characterized 

long-term safety profile and established efficacy, 

with more than 2 million patient-years of overall 

exposure to glatiramer acetate 20mg/mL 

administered daily by subcutaneous injection 

(GA20) 
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 Like other first-line treatment regimens in 

RRMS, GA20 requires long term injection of the 

drug and can be associated with injection-related 

adverse events , which may diminish adherence 

in some patients 

 

 This is of particular importance because 

treatment adherence ensures optimal clinical 

outcomes 



 

 

 Modified treatment regimens with proven, long-

term clinical efficacy have the potential to 

minimize adverse side effects while maintaining 

efficacy, thereby supporting appropriate 

adherence to treatment and eliciting greater 

overall clinical benefit  



 Participants who completed the 1-year PC phase 

of the GALA study were eligible to receive GA40 

treatment in an ongoing open-label (OL) 

extension study and were invited to switch to or 

continue the GA40 regimen.  

 

 This clinical assessment of GA40 will provide 

further insight into the value of the three-times 

weekly dosing regimen in the treatment of 

RRMS. 



 

 During the PC phase, eligible patients were 

randomized 2:1 to receive GA40 or placebo and 

seven scheduled site visits occurred: at screening, 

baseline (Month 0), and Months 1, 3, 6, 9, and 12. 

 

 



 A complete neurological and physical 

examination was performed every 6 months, and 

ECGs, safety laboratory tests, and serum 

pregnancy tests were performed annually. 

 

  MRI scans were performed at baseline, Month 6, 

Month 12, and Month 36 of the study. 

 

  Adverse events and the use of concomitant 

medications were monitored throughout the 

study. 



 The primary endpoint of the PC phase was the 

ARR, defined as the total number of confirmed 

relapses divided by the annual exposure to study 

drug. 

 

 Additional clinical endpoints included time to 

first relapse, time to 6-month confirmed 

disability progression (CDP), and time to 6-

month confirmed EDSS 4 



 

 

 MRI endpoints included number of GdE T1 

lesions, number of new or enlarging T2 lesions, 

percent brain volume change from baseline to 

Month 36 and from Months 12 to 36, and percent 

change in GM and WM volumes from baseline to 

Month 36 and from Months 12 to 36. 



 A total of 716 (75.9%) ES patients and 325 
(70.5%) DS patients completed 3 years of follow-
up, and 562 (59.6%) ES patients and 260 (56.4%) 
DS patients completed the Year 3 MRI scan.  

 

 Most discontinuations in the OL phase were due 
to withdrawal of consent (143 (11%) in all OL 
patients: 84 (10%) in ES and 59 (14%) in DS 
group).  

 Of these patients, 141 offered additional insight 
into the reason for withdrawal of consent with 
“patient decision” (53 of 141 responses) and “lack 
of efficacy” 



 Time to first relapse was significantly longer in 

ES patients compared with DS patients. 

 

 Overall, there were low disability event rates, 

with 11% of ES patients and 13% of DS patients 

experiencing 6-month CDP during the entire 

study, including the PC and OL phases. 

 

 There were similarly low progression rates for 6-

month confirmed EDSS 4 with 3% of ES patients 

and 5% of DS patients 



 

 The number of GdE T1 lesions and new or 

enlarging T2 lesions was significantly lower for 

ES patients than for DS patients over the first 

year of treatment, when evaluated at Months 6 

and 12. 

 

  During the OL extension phase, following the 

conversion from placebo to GA40 in the DS 

group, lesion counts were similar between ES 

patients and DS patients at Year 3. 



 During the core phase, there were no statistical 

differences between ES and DS patients in 

adjusted mean PBVC, adjusted mean WM 

volume change or adjusted mean GM volume 

change. 

 

 In the OL phase, there was a trend toward a 

decreased loss of whole-brain volume in ES 

patients compared with DS patients. 

 

 At Month 36, ES patients showed less GM 

volume loss compared with DS patients. 



 The results of the 3-year OL extension phase of 

the GALA study support the benefit of GA40 

sustained beyond that reported in the PC phase 

of the trial. 

 

  Relapse-related efficacy seen in GALA for GA40 

was generally similar to that seen in previous 

studies with GA20, in which reductions in ARR 

were 29%– 33% 



 Overall, there were low rates of disability 

progression events; however, patients with early 

initiation of GA40 showed a trend toward a 

delayed progression to 6-month confirmed EDSS 

4 

 

 The small number of GdE T1 lesions and new or 

enlarging T2 lesions at Months 6 and 12 observed 

in patients treated with GA40 during the PC 

phase was sustained throughout the OL phase to 

Month 36. 



 In line with this finding, patients who initiated 

GA40 treatment earlier showed a trend toward 

less whole-brain volume loss than patients in the 

DS group, albeit not significantly, except for a 

trend between Months 12 and 36  

 

 These findings are in agreement with the results 

from a previous study that showed that GA 

reduced the rate of brain atrophy compared with 

placebo from Months 9 to 18 and from Months 0 

to 18 but not in the period between Months 0 and 

9 using the SIENA method 



 

 In summary, treatment with GA40 conferred 

clinical benefit over 3 years of the GALA study, 

resulting in sustained low ARR and MRI lesion 

activity. 

 

  Results from this OL extension of the GALA 

study further support the safe and effective use 

of GA40 in the RRMS patient population. 



J NEUROSCI RES. 2014 DEC;92(12):1621-36.  

RESTORATION OF AXON CONDUCTION AND MOTOR DEFICITS BY THERAPEUTIC TREATMENT WITH 

GLATIRAMER ACETATE. 

MOORE S1, KHALAJ AJ, PATEL R, YOON J, ICHWAN D, HAYARDENY L, TIWARI-WOODRUFF SK. 

 

  The underlying multifactorial anti-

inflammatory, neuroprotective effect of GA is in 

the induction of reactive T cells that release 

immunomodulatory cytokines and neurotrophic 

factors at the injury site. 

 

 

  These GA-induced cytokines and growth factors 

may have a direct effect on axon function.  
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 Therapeutic treatment with GA significantly 

decreased clinical scores and improved rotorod 

motor performance in EAE mice.  

 

 These functional improvements were supported 

by an increase in myelinated axons and fewer 

amyloid precursor protein-positive axons in the 

spinal cords of GA-treated EAE mice.  



 Furthermore, therapeutic GA decreased 

microglia/macrophage and T cell infiltrates and 

increased oligodendrocyte numbers in both the 

spinal cord and corpus callosum of EAE mice. 

 

 

  Finally, GA improved callosal axon conduction 

and nodal protein organization in EAE.  



VALUE HEALTH. 2015 NOV;18(7):A766.  

ADHERENCE TO GLATIRAMER ACETATE 40 MG VERSUS ORAL DISEASE-MODIFYING 

THERAPIES FOR MULTIPLE SCLEROSIS. 

HALPERN R1, WOLBECK R1, BLAUER-PETERSON C1, WU Y2, GANDHI SK2. 

 

 To compare adherence to glatiramer acetate 40 

mg (GA40) and oral disease modifying therapies 

(DMTs; fingolimod, teriflunomide, dimethyl 

fumarate) using a US administrative claims 

database. 

 

 Patients were ≥ 18 years old, enrolled 6 months 

pre-index and ≥ 3 months post-index, and 

diagnosed with MS. 
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 The final sample was 1,779 patients (232 GA40, 

1547 oral DMT), with mean age 45.5 years and 

77.9% female.  

 

 The GA40 and oral DMT cohorts had 0.39 versus 

1.07 discontinuations/person-year, respectively, 

for an incidence rate ratio of 2.75 (p< 0.001). 



 Kaplan-Meier analysis showed that GA40 cohort 

was more persistent per post-index 90-day 

interval (p< 0.001).  

 

 Mean (standard deviation) MPR and PDC in the 

GA40 cohort were 0.88 (0.18) and 0.87 (0.20), 

respectively, versus 0.84 (0.18) and 0.70 (0.30) in 

the oral DMT cohort (both p< 0.001). 



 

 Mean MPR was 0.90 (0.16) in the GA40 cohort 

with ≤ 210 post-index days versus 0.86 (0.16) for 

oral DMT (p< 0.05); mean MPR was not 

significantly different between the cohorts with 

maximum 270 or 330 post-index days. 

 

  Mean PDC was higher in the GA40 cohort in all 

comparisons (all p< 0.001). 



 

 MS patients starting GA40 were more persistent 

and at least as adherent (similar on MPR and 

better on PDC) compared with those starting oral 

DMTs, possibly due to GA40’s safety profile and 

less-frequent dosing schedule. 



J NEUROIMAGING. 2015 NOV-DEC;25(6):989-95.  

THE EFFECT OF THREE TIMES A WEEK GLATIRAMER ACETATE ON CEREBRAL T1 

HYPOINTENSE LESIONS IN RELAPSING-REMITTING MULTIPLE SCLEROSIS. 

ZIVADINOV R1, DWYER MG1, RAMASAMY DP1, DAVIS MD2, STEINERMAN JR2, KHAN O3. 

 

 Two definitions of T1 hypointense (T1H) lesions 

can be derived from pre-contrast images: those 

that may or may not have a corresponding 

gadolinium-enhancing correlate on post-contrast 

images (T1H total), and those that are 

simultaneously non-gadolinium-enhancing on 

post-contrast scans (T1H non-enhancing).  
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 To determine the differences in lesion evolution 

between these two T1H definitions, we examined 

the effect of glatiramer acetate 40 mg/mL three 

times weekly subcutaneous injection (GA40) on 

the number of new or enlarging T1H total and 

T1H non-enhancing lesions in patients with 

RRMS. 



 Among the 1,357 patients with MRI scans 

performed at either the month 6 or month 12 

visit, 883 treated with GA40 developed an 

adjusted cumulative mean of 1.72 T1H total 

lesions versus 2.62 in 440 placebo controls ( P < 

.0001).  

 

 On T1H non-enhanced scans, GA40-treated 

patients developed an adjusted cumulative mean 

of 1.35 T1H non-enhancing lesions versus 1.91 in 

placebo controls ( P = .0009). 



 GA40 significantly reduced the number of new or 

enlarging T1H total lesions and T1H non-

enhancing lesions compared with placebo.  

 

 Although the treatment effect magnitude was 

comparable with both definitions, the use of T1H 

non-enhancing lesions may be more relevant for 

more uniform standardization in future clinical 

trials. 



PATIENT PREFER ADHERENCE. 2014 AUG 21;8:1123-34.  

TWO DECADES OF SUBCUTANEOUS GLATIRAMER ACETATE INJECTION: CURRENT ROLE 

OF THE STANDARD DOSE, AND NEW HIGH-DOSE LOW-FREQUENCY GLATIRAMER 

ACETATE IN RELAPSING-REMITTING MULTIPLE SCLEROSIS TREATMENT. 

CAPORRO M1, DISANTO G1, GOBBI C1, ZECCA C1. 

 

 Glatiramer acetate, a synthetic amino acid 

polymer analog of myelin basic protein, is one of 

the first approved drugs for the treatment of 

RRMS. 

  Several clinical trials have shown consistent and 

sustained efficacy of GA 20 mg sc daily in 

reducing relapses and new demyelinating lesions 

on MRI in patients with RRMS, as well as 

comparable efficacy to high-dose interferon beta.  

 Some preclinical and clinical data suggest a 

neuroprotective role for GA in multiple sclerosis.  
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 GA is associated with a relatively favorable side-

effect profile, and importantly this was confirmed 

also during long-term use. 

 

 GA is the only MS treatment compound that has 

gained the US Food and Drug Administration 

pregnancy category B. 

 

  All these data support its current use as a first-

line treatment option for patients with CIS or 

RRMS. 



 More recent data have shown that high-
dose GA (ie, 40 mg) given three times weekly is 
effective, safe, and well tolerated in the 
treatment of RRMS, prompting the approval of 
this dosage in the US in early 2014. 

 

  This high-dose, lower-frequency GA might 
represent a new, more convenient regimen of 
administration, and this might enhance patients' 
adherence to the treatment, crucial for optimal 
disease control. 

 
 



GA INDICATIONS 

 

 

 RRMS 

 Pregnancy 

 Concomitant psychiatric disorder 

 Concomitant hepatic or hematologic disease 

 Concomitant autoimmune disease 


