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The standard of care treatment for multiple sclerosis involves immunomodulatory therapy  
to relieve and/or modify symptoms; the vast majority of these are large biologic molecules 
and are administered via injection. Current approved immune modulating therapies are 
listed in Table 1. The availability of an oral disease modifying therapy is the latest advance 
in treatment of this devastating illness: Mitsubishi Tanabe’s Gilenya (for which Novartis has 
worldwide rights outside of Japan) and Biogen Idec’s Tecfidera. 

Nearly all approved and marketed MS therapeutics are treatments for relapsing remitting 
multiple sclerosis (RR-MS), which affects nearly 85% of MS patients. Of these, close to half 
may progress to secondary progressive MS. Novartis’ interferon-β1 agonist is also approved 
for treatment of secondary progressive MS. Less frequently diagnosed are primary 
progressive MS and progressive relapsing MS and far fewer launched therapies are 
available for approved use in these patient populations.

2



Citeline
Pharma intelligence | 

3

3

* oral formulation
**biosimilar Source: Pipeline®, 2013 Citeline, Data accessed Sept 10, 2013

table 1. launched immunomodulator Products for multiple sclerosis

Product Originator mechanism of action approved use
first 

approved

natalizumab 
(Tysabri)

Elan
α4 β1 integrin 
antagonist α4 β7 
integrin antagonist

Treatment of RR-MS

2004 
(withdrawn, 

then re- 
launched 

2006)

fingolimod HCL 
(Gilenya)*

Mitsubishi 
Tanabe

sphingosine  
1-phosphate 1, 5 
receptor antagonist

Prevention of relapse and delay 
of progression of physical 
disability in RR-MS

2010

interferon-β1a 
(Rebif)

Merck KGaA interferon-β agonist
Slow physical disability and 
decrease frequency of exacerba-
tions in RR-MS

1998

interferon-alpha 
(Alferone)

Alfa  
Wassermann

interferon-α agonist MS unspecified 1990

interferon-β1a 
(Avonex)

Biogen Idec interferon-β1 agonist
Slow physical disability and 
decrease frequency of exacerba-
tions in RR-MS

1996

interferon-β1b 
(Betaferon)

Novartis interferon-β1 agonist

Reduce frequency of exacerba-
tions in RR-MS

Treatment of MS- 
progressive, secondary

1994

1999

dimethyl fumarate 
(Tecfidera)*

Biogen Idec
transcription factor 
Nrf2 stimulant

Treatment of RR-MS 2013

corticotropin 
(Acthar)

Sanofi/
Questcor

adenylate cyclase 
stimulant

Treatment of acute attacks, MS 
unspecified

2003

interleukin-2  
(Roncoleukin)**

Biotech Ltd interleukin-2 agonist Treatment of RR-MS 1995

interferon-β1a  
(Blastoferon)**

Sidus interferon-β1 agonist Treatment of RR-MS 2010

interferon-β1a 
(CinnoVex)**

CinnaGen interferon-β1 agonist
Slow physical disability and 
decrease frequency of exacerba-
tions in RR-MS

2007

interferon-β 
(ReliBeta)**

Reliance Life 
Sciences

interferon-β1 agonist Treatment of RR-MS 2012

interferon-β1a 
(Jumtab)**

Probiomed interferon-β1 agonist Treatment of RR-MS 2007

interferon-β1a 
ReciGen) 

CinnaGen interferon-β1 agonist
Treatment of RR-MS

Treatment of MS -  
progressive, relapsing

2009

teriflunomide 
(Aubagio)

Sanofi
Dihydroorotate dehy- 
drogenase inhibitor

Treatment of MS-RR 2012

glatiramer acetate 
(Copaxone)

Yeda
interleukin 4, 6, 10 
agonist

Treatment of RR-MS

Treatment of patiens who have a 
first clinical episode with MRI 
features consistent with MS

1997

2009

Mitoxantrone (Meda’s Novantrone), a DNA topoisomerase II inhibitor, was approved in 1984 for secondary-

progressive, progressive-relapsing or worsening RR-MS. The remaining approved therapies, which do not 

modulate the immune response, all address movement/spasticity symptoms.
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table 2. late and mid-stage Pipeline immunomodulatory Candidates

Candidate
Global 
status

Originator/
licensee

Disease 
status

ms segment mOa

alemtuzumab**
Pre- 
registration

BTG/Takeda / 
Sanofi /Bayer 

PR# relapsing-remitting
CD52  
antagonist

BIIB-017
Pre- 
registration

Biogen-Idec PR# relapsing-remitting
interferon β-1 
agonist

laquinimod
Pre- 
registration

Active Biotech/ 
Teva

PR# relapsing-remitting
immuno- 
suppresant

natalizumab Launched Elan/MediciNova III secondary progressive
α 4 beta 1, 7 
integrin 
antagonist

daclizumab Launched
AbbVie/ Biogen 
Idec

III
secondary progressive 
primary progressive

interleukin 2 
receptor 
antagonist

fingolimod Launched
Mitsubishi Tanabe/ 
Novartis

III primary progressive
sphingosine  
1-phosphate 1,5 
receptor agonist

γ immunoglobulin Launched Tejin/ Kaketsuken III unspecified
immuno- 
stimulant

ocrelizumab III
Roche/ Biogen 
Idec

III
III
III

primary progressive 
relapsing-remitting
secondary progressive

CD20  
antagonist

siponimod III Novartis
III
II

secondary progressive
relapsing-remitting

sphingosine 
1-phosphate 1,5 
receptor agonist

estriol III Synthetic Biologics III relapsing-remitting
estrogen 
receptor agonist

NU-100 III BaroFold III relapsing-remitting
interferon β-1 
agonist

RPC-1063 III Receptos III relapsing-remitting
sphingosine 
1-phophate 
receptor agonist

interferon β-1a* III
Harvest Moon 
Pharmaceuticals

III unspecified
interferon β-1 
agonist

ofatumumab Launched Genmab II relapsing-remitting
CD20  
antagonist

immunoglobulin Launched Octapharma III relapsing-remitting
immuno- 
stimulant

immunomodulatory ms Pipeline
Immunotherapies moving through MS Phase II and III development and in pre-registration are listed in 

Table 2. Of the 31 candidates, six have already been launched in other diseases or are already on the 

market for relapsing-remitting MS. Expansion into other MS markets is almost always the first life-cycle 

management route for these. There are currently 20 programs investigating efficacy in relapsing-remitting 

MS, eleven in secondary progressive MS, and four in primary progressive MS. 

#Pre-registration 
* biosimilar
**  EU approval attained  

September 17, 2013

Source: Pharmaprojects® Pipeline®, 2013 Citeline, Data Accessed September 9, 2013
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table 2. late and mid-stage Pipeline immunomodulatory Candidates (continued)

Candidate
Global 
status

Originator/
licensee

Disease 
status

ms segment mOa

secukinumab II Novartis II relapsing-remitting
interleukin 17 
antagonist

tabalumab III Eli Lily II relapsing-remitting
B-cell activating 
factor inhibitor

Neurovax III
Immune Response 
Biopharma

II
II

relapsing-remitting
secondary progressive

T cell inhibitor

firategrast II
Mitsubishi Tanabe/ 
GlaxoSmithKline

II
II

unspecified
relapsing-remitting

α 4 beta 1, 7 
integrin 
antagonist

ATL-1102 II
Isis Pharmaceuti-
cals/ Antisense 
Therapeutics

II relapsing-remitting
α 4 beta 1 
integrin 
antagonist

imilecleucel-T II
Opexa  
Therapeutics

II
II

relapsing-remitting
secondary progressive

T cell inhibitor

Aimspro II Daval International II secondary progressive
tumor necrosis 
factor α 
antagonist

MOR-103 II GlaxoSmithKline
II
II
I

relapsing-remitting
secondary progressive
unspecified

granulocyte 
macrophage 
colony stimulat-
ing factor  
antagonist

ponesimod II Actelion II relapsing-remitting
sphingosine 
1-phophate 
receptor agonist

ATX-MS-146 II
Apitope Technol-
ogy/ Merck KGaA

II
II

relapsing-remitting
secondary progressive

immuno- 
stimulant

GENHP-01 II GeNeuro II unspecified
immuno- 
stimulant

ONO-4641 II Ono/Merck KGaA II relapsing-remitting
sphingosine 
1-phophate 
receptor agonist

MIS-416 II
Innate Therapeu-
tics

II
II

primary progressive
secondary progressive

immuno- 
stimulant

BIIB-033 II Biogen Idec/Dyax
II
I
I

unspecified
relapsing-remitting
secondary progressive

leucine rich 
repeat and Ig 
domain 
containing 1 
antagonist

umbilical cord 
mesenchymal 
stem cell

II Beike Biotech
II
II

unspecified
progress, unspecified

immuno- 
suppresant

MT-1303 II Mitsubishi Tanabe
II
II

relapsing-remitting
unspecified

sphingosine 
1-phophate 
receptor agonist

#Pre-registration 
* biosimilar Source: Pharmaprojects® Pipeline®, 2013 Citeline, Data Accessed September 9, 2013
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The full (immunomodulatory plus other) pipeline for MS includes four products in pre-registration, 15 in 

Phase III, 28 in Phase II, 33 in Phase I, and 130 preclinical candidates. Many of the candidates are in develop- 

ment for specific symptoms associated with MS, such as gait and movement disorders, pain, or spasticity. 

Among the 33 Phase I candidates, 19 of their targets or mechanisms of action are the same as for launched 

and later phase candidates (Table 3). There are some novel targets being investigated however. Some 

examples are Toll-like receptor antagonists, melatonin receptor agonists, and interleukin-6, -7 or -10 

antagonists. Among drugs in preclinical development, far less transparency about the candidates’ targets 

are available, as exemplified by 31/130 unknown or undisclosed mechanisms. Again, the more frequent 

mechanisms vary little from later stage or launched drugs. 

table 3. early Candidate mechanisms of action

Phase i Preclinical

mechanism of action Count mechanism of action Count

Interferon beta agonist 4
Unidentified pharmacological 
activity

31

Sphingosine 1-phosphate 1 recep-
tor agonist

4 Immunosuppressant 8

Immunostimulant 3 Interferon beta 1 agonist 6

Unidentified pharmacological 
activity

2
Tumour necrosis factor alpha 
antagonist

4

Tumour necrosis factor alpha 
antagonist

2 Estrogen receptor beta agonist 4

Immunosuppressant 2 Apoptosis inhibitor 3

Interferon beta 1 agonist 2
Sphingosine 1-phosphate 
receptor agonist

3

Carnitine palmitoyltransferase 
inhibitor

2 Interferon receptor agonist 3

Immunostimulant 3

T cell inhibitor 3

Source: Trialtrove®, 2013 Citeline, Data Accessed September 9, 2013

Dissecting the Clinical Development Paths
Perhaps a more powerful view of what is being investigated for MS and trend or paradigm shifts can be 

more readily discerned by looking at clinical trials activity.

As of September 9, 2013 Trialtrove captured a total of 327 ongoing clinical trials (open, closed, or temporarily 

closed); this number represents both industry and non-industry sponsored trials. By far the largest 

numbers of trials were in Phase IV, or post-marketing commitment (121), followed by 82 Phase II trials,  

60 Phase III trials, 24 Phase I, 20 Phase I/II, 12 Phase II/III and 8 trials of indeterminate phase (case study  

or other). Among the 178 ongoing, industry-sponsored trials, again the largest number were in Phase IV 

(67), followed by Phase III (44), Phase II (39), Phase I (15), Phase I/II (7) and Phase II/III (6).
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While relapsing-remitting MS continues to be 
the focus of the majority of trials, some hints 
of a new focus are emerging.
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trial focus: is there movement beyond rr-ms?
Late stage ongoing trials are dominated by investigation into efficacy in RR-MS, as exemplified in Table 4. 

Twenty trials involve the other three subtypes of MS. Of note are the three trials with patients with clinically 

isolated syndrome (CIS). This patient population has experienced a first neurologic episode attributed to 

either demylination or inflammation involving the CNS. One example is optic neuritis, while two trials 

involve patients who have been newly diagnosed. These five trials suggest a trend toward efficacy testing 

in earlier stages of disease, perhaps to more effectively modulate disease progression.

The majority of all ongoing trials with CIS patients are sponsored by entities other than industry. There is  

a single industry-sponsored trial in Phase III. The Merck KGaA/EMD Serono’s PREMIERE1 (Prospective 

Observational Long-term Safety Registry of Multiple Sclerosis Patients Who Have Participated in Cladribine 

Trials) is open to any former participants in sponsored trials and related extensions. The registry is planned 

to end in 2018, or eight years from the individual patient’s initial enrollment into a cladribine trial. A small 

number of CIS patients are eligible.

Novartis is the sponsor of a Phase III trial assessing the efficacy of fingolimid in naïve patients versus RR-MS 

patients having prior treatment with either interferons or glatiramer acetate. The primary outcome measure 

of annual relapse rate will be compared between the two populations. 

A Phase II Novartis-sponsored trial assessing fingolimod’s efficacy in patients with a first acute demyelinat-

ing optic neuritis (CIS, newly diagnosed) is also ongoing. The primary outcome measure is mean retinal 

nerve fiber layer thinning. Biogen Idec’s Phase II RENEW trial also involves subjects with a first episode of 

acute optic neuritis, assessing the efficacy of their leucine rich repeat targeted monoclonal antibody 

BIIB-033 on retinal nerve fiber and ganglion cell layer thicknesses. 

A trial partially supported by a grant from Teva is comparing rituximab induction followed by glatiramer 

acetate to patients treated solely with glatiramer for patients with diagnosis of CIS or RR-MS. The primary 

endpoint after one year is disease-free patients (absence of brain lesions as assessed by MRI) or lack of 

change on the Expanded Disability Status Scale. 
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Industry sponsored confirmatory, or safety 
trials do suggest a move to exploration of 
patients either newly diagnosed or with a 
potential initial MS symptom.
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Other industry sponsors running trials involving newly diagnosed patients include Bayer AG and Coronado 

Biosciences. Bayer is providing some financial support for the EVIDMS trial assessing the potential of 

vitamin D3 in moderating the course of RR-MS2. The primary outcome is cumulative number of new 

hyperintense lesions measured in T2-weighted brain MRI. Coronado’s small, Phase II trial with an immuno-

therapy derived from Trichuris suis (porcine whipworm) ova [CNDO-102], a parasitic helminth, is underway 

in the USA and recruiting newly diagnosed RR-MS patients; the primary outcome is rate of new gadolini-

um-enhancing lesions on serial MRI scans. An investigator-initiated Phase I/II trial with CNDO-102 with the 

same patient population completed in 2009. 

Further back on the MS landscape are two Phase I trials involving CIS or RR-MS patients, and a single 

Phase I/II trial with newly diagnosed RR-MS patients. The latter trial, sponsored by Daiichi Sankyo, is 

testing the safety and efficacy of an oral sphingosine 1-phosphate receptor antagonist, CS-077. The 

efficacy component is exploratory -- MRI brain lesion events.

table 4. Clinical trial Disease segment focus by trial Phase

Patient segment i i/ii ii ii/iii iii iV

Relapsing remitting (RR) 9 12 56 5 42 83

Secondary Progressive (SP) 6 12 17 5 10 12

Progressive Relapsing MS 
(PRMS)

3 4 4 5

Comorbidity in MS 3 4 9 27

Symptom relief 2 1 25 5 21 25

Clinically Isolated Syndrome 
(CIS)

1 7 1 3 11

Primary Progressive 1 9 7 4 6 5

Comorbidity in MA 13 9

Newly Diagnosed 4 2 10

N/A 2

Source: Trialtrove®, 2013 Citeline, Data Accessed September 9, 2013
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adaptive trial Design
The numbers of trials incorporating adaptive trial design have been on the rise since 1988, yet account for 

less than 1% of all trials tracked by Citeline’s Trialtrove (399 or 0.2% of all trials). The leading diseases 

having adaptive clinical trials are respiratory infections (15), thrombotic disorders (14) and breast cancer(12). 

In the realm of degenerative neurological diseases, nine Alzheimer’s trials include an adaptive design, 

three trials for Amyotrophic Lateral Sclerosis, and one Parkinson’s trial.

For multiple sclerosis, five trials have involved an adaptive design (Table 3), of which two have completed, 

two are enrolling, and one is planned. Of note, all of these trials are industry sponsored. Three trials utilize 

an adaptive dosing design, and focus on RR-MS patients. The National Institute of Neurological Disorders 

and Strokes’ Phase I/II trial is recruiting MS patients diagnosed with primary progressive disease. In June of 

this year, Santhera secured exclusive rights from the NIH to a US patent granted for idebenone’s use in this 

disease segment. Santhera is providing study medication for this trial. The design calls for one year of pre- 

treatment and collection of patient samples (for biomarker analysis), and neuroimaging to determine primary 

outcome measures in an immediately successive double-blind, placebo controlled two year study period.

table 5. adaptive Design trials

Phase Patient segment sponsor study Drug Design status

I
Healthy 
Volunteers

Novartis fingolimod
Desensitizing 
dosing

Completed

I/II
Primary 
Progressive

NINDS, 
Santhera

idebenone,  
Santhera

2 stage 
seamless 
adaptive

Open

I/II
Relapsing 
Remitting

AstraZeneca MEDI-551
Adaptive dose 
escalation

Open

II
Relapsing 
Remitting

Novartis siponimod
Adaptive dose 
escalation

Completed

II
Relapsing 
Remitting

Novartis secukinumab
Adaptive dose 
escalation

Planned

 Source: Trialtrove®, 2013 Citeline, Data Accessed September 9, 2013
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Conclusions
Despite the fact that very little is known about the underlying causes of multiple sclerosis, significant 

development has occurred that addresses disease progression and management. But this development 

has come at some cost in terms of critical adverse events, as best exemplified by the large numbers of 

Phase IV trials (Table 4). The Tysabri story is certainly one that preys on regulators’ and developers’ minds 

and for patients the need to critically weigh risks and benefits has become even more important. While 

adoption of adaptive trial protocols may help in more quickly finding appropriate dosing, and minimizing 

patient demand in early stages of development, the need to carefully study long-term effects of treatment 

with disease modifying drugs may well impact Phase III trials in terms of subject numbers and study duration. 

Finally, there are hints that clinical research into MS may be shifting into earlier stages of the disease (CIS 

and newly diagnosed). A very recent report offers some promise of a new potential biomarker for detecting 

CIS3 - namely gray matter derived proteins. The paradigm for Alzheimer’s is also shifting toward earlier or 

pre-Alzheimer’s patients. Only time will tell if a shift in either of these diseases proves fruitful.

1  Registry trial for non-approved product assigned as Phase III for individual country listings at EU Clinical Trials Register https://www.
clinicaltrialsregister.eu/ctr-search/trial/2009-017978-21/EE

2  Dorr et al. Efficacy of Vitamin D Supplementation in Multiple Sclerosis (EFIDMS Trial): study protocol for a randomized controlled trial. Trials (2012) 
13: 15-20.

3  Schutzer SE, Angel TE, Liu T, Schepmoes AA, Xie F, et al. (2013) Gray Matter Is Targeted in First-Attack Mult doi:10.1371/journal.pone.0066117 
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0066117
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