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Abstract: Multiple sclerosis is a complex and chronic inflammatory disease of the central 

nervous system which affects an estimated 2.3 million individuals worldwide. Genetic research 

has uncovered over 100 immune-related genes associated with the disease and has provided 

a multitude of potential therapeutic targets. To date, 13 US Food and Drug Administration-

approved disease-modifying therapies designed to influence the aberrant immune system are 

available for the indication of relapsing forms of the disease. BG-12 is a novel oral multiple 

sclerosis therapeutic with a unique putative mechanism of action that activates the Nrf2 anti-

oxidant pathway. Despite the enthusiasm for multiple therapeutic options, including oral options, 

the practitioner is faced with the difficult task of providing guidance for patients regarding 

optimal sequencing of therapeutics without sensitive clinical biomarkers to match a particular 

therapy’s putative mechanism of action to the patient’s specific pathophysiology. Moreover, 

while BG-12 has a preferred route of administration, there is limited safety data with which to 

guide counseling in the clinic. Dimethyl fumarate (DMF or BG-12) is one of three available oral 

therapies which will be discussed in this review in terms of its pharmacokinetic profile, putative 

mechanism of action, clinical effectiveness, safety, tolerance, and patient-reported experience. 

BG-12’s potential as a first-line therapy and as a sequencing therapeutic to aid in transition off 

natalizumab will be discussed.
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Introduction: natural history, epidemiology, and 
therapeutic landscape of multiple sclerosis
Multiple sclerosis (MS) is classically described as a chronic inflammatory condition 

of the central nervous system (CNS) resulting in demyelination and axonal injury.1 

The timing of these inflammatory insults are unpredictable and may result in transient 

bouts of neurologic dysfunction that is followed by full or partial recovery.2 While 

approximately 85% of individuals with MS initially experience a “relapsing–remitting” 

course, 15% experience a progressive course of unrelenting accumulation of disability 

– with or without superimposed relapses – from the outset. The advent of magnetic 

resonance imaging (MRI) has provided in vivo inflammatory markers of the disease 

that have been parlayed into successful proof-of-concept experiments, Phase II and 

pivotal clinical trial data, ultimately hastening the regulatory approval of our current 

disease-modifying therapies (DMTs).3,4 At the time of this publication, there exist 

13 US Food and Drug Administration (FDA)-approved therapies for the indication 

of relapsing–remitting MS, with several more in early- and late-phase development 

(Table 1).5
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MS usually presents between the ages of 20 and 50, 

affects nearly all ethnic groups with a predilection for 

northern European ancestry, and disproportionately affects 

women more than men.2 The National MS Society estimates 

that 2.3 million individuals worldwide are living with MS. 

Epidemiologic studies have typically demonstrated a latitudi-

nal gradient of MS incidence and prevalence where the farther 

away from the equator a population is sampled, the greater 

the point estimates (prevalence estimates in Europe are 

reported as high as 1 in 500).6,7 This observation, in addition 

to immigration studies demonstrating that an individual’s risk 

of MS is tied to their place of residence established prior 

to adolescence, has supported the hypothesis that environ-

mental factors play a key role in early MS pathogenesis – 

perhaps decades before the first clinical  manifestations.8 

A recent meta-analysis identified 44 environmental risk 

factors associated with MS, and three were identified as 

the most methodologically and statistically credible: anti-

EBNA IgG seropositivity, infectious mononucleosis, and 

smoking.9 Recently, the hypothesis that vitamin D confers 

Table 1 Landscape of current and emerging DMTs for multiple sclerosis

DMT Approved Dose scheduling Route Putative mechanism of action

iFNβ-1b
 Betaseron 7/1993 250 μg qod SC iFNβ: interaction with cell-surface receptors initiates
 extavia 8/2009 250 μg qod SC A cascade of intracellular reactions resulting in iFNβ-1a 

induction of immunomodulatory genes.
Promotes Th2 (anti-inflammatory) shift.

 Avonex 5/1996 30 μg weekly iM
 Rebif 3/2002 22 or 44 μg Tiw SC
 PLeGRiDY 8/2014 125 μg q14 days SC
Glatiramer 12/1996 20 mg daily SC immunomodulation. Peripheral activation of glatiramer 

acetate-specific suppressor T-cells.
1/2014 40 mg Tiw SC
4/2015 Generic 20 mg daily SC

Mitoxantrone 10/2000 12 mg/m2 q3 months iv† intercalates into DNA causing cross-links and strand 
breaks. Cytotoxic effect on lymphocytes.

Natalizumab 11/2004 300 mg q28 days iv Binds to cell surface receptors (vLA-4) effectively limiting 
lymphocyte migration from the periphery to the CNS.

Fingolimod 9/2010 0.5 mg daily PO Sphingosine 1-phosphate modulator (receptors 1, 3–5) 
and sequestration of lymphocytes in lymph nodes.

Teriflunomide 9/2012 7 or 14 mg daily PO inhibition of dihydroorotate dehydrogenase 
(mitochondrial enzyme involved in de novo pyrimidine 
synthesis). Cytostatic effect on lymphocytes.

DMF (BG-12) 3/2013 240 mg BiD PO Nrf2 pathway activation among possible mechanisms.
Alemtuzumab 11/2014 60 mg‡ over 5 days iv Depletion of CD52 (T- and B-cells) lymphocytes.

Study drug Proposed scheduling Route Proposed mechanism of action

Ocrelizumab 600 mg every 6 months iv Depletion of CD20 (B cell) lymphocytes.
Daclizumab 150 mg every 4 weeks SC Binds to CD25 (T-cell) and modulates iL-2 signaling resulting 

in general immune cell depletion. increase in CD56bright 
natural killer cells.

BAF312 Phase ii testing PO Next generation sphingosine-1-phosphate modulator.
Autologous stem  
cell transplant

CD34+ autologous stem  
cells: carmustine, etoposide,  
cytarabine, melphalan

iv Reset immune system with autologous stem cells acquired 
peripherally to induce sustained remission. 

Laquinimod 0.6 mg or 1.2 mg daily PO immunomodulation: downregulate vLA-4, inhibition of Th17, 
promoting iL-4 and -10, and TGF-β.

vatelizumab Currently in Phase ii testing iv Targets vLA-2 (collagen binding integrin) that interferes with 
collagen binding leading to reduced inflammation.

rHigM22 Currently in Phase i testing iv Binding to oligodendrocytes with accumulation at sites of 
demyelination and promotion of remyelination.

Anti-LiNGO-1 Currently in Phase ii testing iv Binding to LiNGO-1, a CNS protein, that may promote 
axonal remyelination and regeneration.

Notes: †Mitoxantrone life-time cumulative dose not to exceed 140 mg/m2; ‡initial dosing of alemtuzumab is 12 mg/day ×5 days with second round dosing 1 year later using 
12 mg/day ×3 days.
Abbreviations: BiD, twice daily; CNS, central nervous system; DMF, dimethyl fumarate; DMT, disease-modifying therapy; iL, interleukin; iM, intramuscular; iv, intravenous; 
PO, oral; q28 days, every 28 days; q3 months, every 3 months; qod, every other day; SC, subcutaneous; Tiw, three times per week; TGF-B,  transforming growth factor 
beta; vLA, very Late Antigen.
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a favorable effect on MS development and clinical course 

through modulation of the immune system has entered more 

definitive clinical trial testing.10 Moreover, MS genome-wide 

association studies have uncovered over 100 susceptibility 

genes largely implicating an aberrant immune system.11 

While population research has shed considerable light on 

the pathophysiology of MS and has suggested a complex 

genetic/epidemiologic model, the etiologic touchstone of the 

disease remains elusive.

Regardless, much is known about the natural history of the 

disease considering the relatively recent introduction of the 

first DMTs in the early 1990s. Irreversible disability in terms 

of ambulatory capacity from time of disease onset to early 

walking impairment, the need to use a unilateral ambulatory 

device, or the need to use a wheelchair is expected within a 

median time of 8, 20, and 30 years, respectively.12 Favorable 

early clinical predictors implicating a longer interval to experi-

encing disability include female sex; relapsing MS phenotype; 

complete recovery after the first clinical attack; a longer 

inter-attack interval between first and second relapses; and 

the location of the first clinical attack affecting sensory rather 

than motor tracts.13–16 Younger age at disease onset has been 

associated with a longer time interval between first clinical 

manifestations and ambulatory difficulties. However, age is 

a double-edged sword as later onset MS cases typically reach 

the same physical disability milestones at a later age, albeit, 

at a faster rate once the diagnosis is realized.12

A contemporary epidemiologic analysis of the French 

Rennes MS database has further confirmed the earlier natural 

history findings among the relapsing-onset subgroup in a 

cohort of 2,054 patients dated from 1976 to 2004, many 

of whom received some form of therapy (approximately 

17.2% of reported patient-years were exposed to interferons, 

mitoxantrone, glatiramer acetate, or off-label use of various 

cytotoxic agents).17 The authors conducted their study under 

the working hypothesis that MS represents a two-stage pro-

gression paradigm: Phase 1, defined as the time from disease 

onset to first signs of irreversible disability; and Phase 2, 

defined as the epoch between the end of Phase 1 and the 

need to use a cane to ambulate 100 meters. Results indicate 

that the rate of Phase 1 progression was highly variable and 

appeared to be influenced by age, sex, history of relapses 

(particularly during the first 2 years of disease onset), and 

MS phenotype (defined as relapsing or progressive onset). 

However, the rate of Phase 2 progression was largely inde-

pendent of these factors and was invariable. The authors 

concluded that focal inflammation occurring early in the dis-

ease course likely influences the rate of Phase 1 progression, 

and therefore, a narrow window of opportunity may exist to 

intervene therapeutically for the benefit of the patient. This 

study did not evaluate the timing of therapeutic exposure and 

its effect of disability progression.17 Although ambulatory 

dysfunction is a well-known manifestation of the disease, 

MS disability and quality of life can be greatly affected by 

interrelated symptoms of cognitive impairment, neuropathic 

pain, visual obscuration, bowel and bladder dysfunction, 

sleep disorders, and disabling fatigue, to name a few.18

MS poses significant challenges to the patient, physician, 

and society as a whole. While MS typically manifests dur-

ing early adulthood at a time of educational, familial, and 

professional aspirations, the mean survival after disease onset 

may extend 45 years, resulting in decades of uncertainty, 

psychological stress, and physical limitations for patients and 

caregivers.2,19,20 Currently approved DMTs have demonstrated 

the ability to reduce: 1) the frequency of relapses; 2) CNS 

inflammatory disease activity manifest on MRI; and 3) accu-

mulation of disability over the short-term. Published 21-year 

follow-up data from the pivotal interferon-β-1b clinical trial 

suggests a long-term mortality benefit for early exposure.21 

Over the course of the past two decades, the MS clinician now 

find themselves in the enviable position of having access to 

numerous proven therapies that significantly change the MS 

disease course for the better. However, the choice, timing, and 

sequencing of DMTs can be complicated in their pragmatic 

application when considering variable tolerance and safety 

profiles and differences in putative mechanism of action. The 

recent advent of oral therapies for MS has generally been 

well received by patients who seem to prefer oral over tradi-

tional injectable DMTs.22 Faced with this patient preference, 

clinicians must weigh the reported benefit of these newer 

therapies in the context of an absence of long-term risk and 

safety data. This review focuses on the oral DMT dimethyl 

fumarate (BG-12) in context of the other approved DMTs, 

its potential role as a first-line agent, and consideration of 

BG-12 as a sequencing agent from natalizumab.

Pharmacology, mode of action, 
and pharmacokinetics of dimethyl 
fumarate (BG-12)
Over 60 years ago, the German chemist Schweckendiek, 

who suffered from psoriasis, hypothesized that fumaric 

acid esters (FAEs) may help correct a metabolic disorder 

of the citric acid cycle which he presumed resulted in his 

immunologic skin condition. After initial success with 

topically administered FAEs, he developed an oral ver-

sion that eventually was tested and approved in 1994 in 
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Germany for this indication, and marketed as Fumaderm® 

(Fumapharm AG, Lucerne, Switzerland): a mixture of 

dimethyl and ethylhydrogenfumarate.23,24 In 2003, Biogen 

purchased licensing rights to develop a second genera-

tion fumarate, dimethyl fumarate (DMF or BG-12), for 

psoriasis and MS.25

DMF is a lipophilic ester of fumaric acid (a component of 

the citric acid cycle) and is immediately cleaved by intestinal 

esterases into its active metabolite monomethyl fumarate 

(MMF).26 Among psoriasis patients, a single 120 mg dose of 

DMF yields a median maximal plasma MMF concentration 

of 0.84 mg/L while demonstrating a half-life of 44 minutes.27 

MMF is absorbed into the pre-systemic circulation where it 

likely translocates into blood cells due to its lipophilic prop-

erties and interacts with intracellular electrophilic molecules 

such as glutathione, and has the capacity to pass through the 

blood–brain barrier.26,28,29 Elimination of MMF is primarily 

through the lungs via exhalation, although lesser contribu-

tions are excreted through the feces and urine (as mercapturic 

acids).26,27,30

While the exact mechanism of action by which BG-12 con-

fers its benefit for MS is unknown, several observations from 

preclinical studies suggest pleiotropic putative mechanisms. 

BG-12 appears to induce an anti-inflammatory Th2 cytokine 

shift through reduced interferon-gamma and increased IL-4 

and -5 production.31 Moreover, an anti-inflammatory and 

antioxidative effect is likely facilitated through BG-12’s 

interaction with nuclear factor-kappa B (NF-κB) and nuclear 

(erythroid-derived2)-related factor (Nrf2) protein complexes, 

respectively. BG-12 initially depletes intracellular glutathione 

which is followed by a rebound increase in concentration that 

subsequently inhibits the movement of NF-κB to the nucleus, 

thereby suppressing transcription of inflammatory cytokines 

and adhesion molecules.27,32–34

Moreover, BG-12 appears to inhibit transcription of 

neuroinflammatory mediators – iNOS, TNF-α, IL-1β, and 

IL-6 – inside activated microglia and astrocytes.35 MMF also 

has been observed to impair monocyte-derived dendritic 

cell differentiation.36 At high doses, DMF (but not MMF) 

has demonstrated T-cell apoptosis in vitro.37 However, it 

is unclear if T-cell apoptosis occurs by this mechanism in 

vivo as DMF is rapidly hydrolyzed into MMF rendering 

DMF plasma levels  undetectable.28 An alternative explana-

tion for undetectable DMF is a rapid intracellular coupling 

of DMF with  glutathione.26 Regardless, DMF and MMF 

have demonstrated reduced CNS inflammatory infiltrates 

and improved disease course in myelin oligodendrocyte 

glycoprotein-induced experimental autoimmune encephalo-

myelitic (MOG-EAE) mice.38

Alternatively, BG-12 encourages activation of a putative 

antioxidative stress pathway.34 At homeostasis, kelch-like 

ECH-associated protein (Keap-1) is bound to Nrf2 which 

remains in the cytosol.39 In the presence of BG-12, DMF or 

MMF can irreversibly bind to Keap-1 which leads to a con-

formational change and uncoupling of Keap-1 from Nrf2.40 

Nrf2 is then free to translocate inside the nucleus where it 

binds to the antioxidant responsive element.41 This interaction 

results in the induction of antioxidative genes – which may 

explain the observation of prolonged survival of neurons 

and glial cells in vitro – and appears to mitigate the disease 

course of MOG-EAE mice.40–42

Comparative efficacy, safety,  
and tolerability of oral  
dimethyl fumarate (BG-12)
Efficacy
Over a decade after Fumaderm was approved in Germany, 

ten MS subjects were administered compounded fumar-

ate in a pilot study that demonstrated a favorable effect on 

 gadolinium-enhancing (Gd+) MRI brain lesions.43 A Phase II 

study of 257 randomized relapsing–remitting MS subjects, 

dosed with BG-12 at 240 mg three times a day (TID), 

demonstrated a reduction in new Gd+ brain lesions by 69% 

compared with placebo over a 12-week interval.44 A post hoc 

subgroup analysis of this data revealed a 34% reduction in 

the evolution of these enhancing lesions into T1-hypointense 

lesions – a putative marker of permanent axonal damage 

associated with irreversible disability – among subjects 

exposed to BG-12 compared to placebo.45

Two pivotal clinical trials of BG-12 followed: 1) 

 Determination of the Efficacy and Safety of Oral  Fumarate in 

RRMS (DEFINE); and 2) Comparator and an Oral  Fumarate 

in RRMS (CONFIRM). Both trials were similar in their tar-

geted population. Both required subjects between the ages 

of 18 and 55, diagnosed with relapsing–remitting MS by the 

McDonald criteria with at least one relapse in the previous 

year or 1 Gd+ lesion within 6 weeks prior to randomization, 

and a physical disability level defined by the Expanded 

Disability Status Scale (EDSS) at #5.0.46–49 The EDSS is 

an ordinal disability rating scale based on the neurologic 

examination that ranges from 0 (no disability) to 10 (death).48 

Moreover, both studies were randomized, double-blinded, and 

placebo-controlled to determine the efficacy and safety of 

BG-12 over a 2-year period in a multinational setting. While 

DEFINE and CONFIRM shared equal randomization to pla-

cebo and BG-12 240 mg dosed at twice a day (BID) and TID, 

CONFIRM also provided a rater-blinded active comparator 
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with glatiramer acetate 20 mg subcutaneous daily injection 

(superiority analysis between glatiramer and BG-12 was not 

performed as the study size was not designed to sufficient 

statistical power).46,47

Standard metrics for MS clinical trials were captured; 

however, the primary endpoint differed between the pivotal 

studies. The primary endpoint in DEFINE was the propor-

tion of patients with a relapse while CONFIRM reported the 

annualized relapse rate (ARR) at 2 years. It is the author’s 

opinion that these two differing primary endpoints provide 

unique and complementary information about the study 

drug’s effectiveness. While ARR is commonly reported in 

MS pivotal trials, this metric can be skewed by a few highly 

inflammatory MS subjects with aggressive disease which 

is not representative of the entire treatment group, thereby 

making it difficult to extrapolate the data into routine clinical 

care. Alternatively, the proportion of patients with a relapse 

is a better estimate of the effect of BG-12 on the treatment 

population. Both primary endpoints for the pivotal trials were 

statistically significant, providing complementary proof of 

BG-12’s clinical effectiveness in relapsing–remitting MS.

Secondary endpoints in both studies included con-

firmed disability at 12 weeks and MRI metrics (new or 

enlarging T2-weighted lesions, Gd+ enhancing lesions) 

while  CONFIRM had the additional MRI endpoint of new 

T1-hypointense lesions. Confirmed disability was defined as 

a 1.0 increase (or 1.5 increase if baseline EDSS was 0) in the 

EDSS that was documented at two separate evaluations at least 

12 weeks apart. Statistically significant results based on the 

eventual FDA-approved dosing of 240 mg BID compared to 

placebo were similar between studies with a reduction in the 

following metrics for DEFINE and CONFIRM, respectively: 

ARR (47%, 44%); proportion of patients relapsing (49%, 

46%); confirmed disability progression (38%, DEFINE only); 

new or enlarging T2 lesions (85%, 71%); and Gd+ lesions 

(90%, 74% reduced odds). T1-hypointense MRI lesions were 

reduced by 57% in the BG-12 BID group compared to placebo. 

The DEFINE cohort also demonstrated a 21% attenuated rate 

of whole brain atrophy compared to baseline (P=0.02), which 

may be explained by increased myelin density suggested by 

the observation of increased brain magnetization transfer ratio 

measurements.50,51 All study endpoints comparing BG-12 at 

both doses to placebo were statistically significant in favor of 

BG-12, with the exception of confirmed disability progres-

sion in the CONFIRM study (Table 2).46,47 The placebo group 

of CONFIRM demonstrated a low incidence of confirmed 

 disability progression during the trial, rendering an insignifi-

cant reduction among the BG-12-treated groups.

Tolerability and safety
BG-12 was well tolerated during the pivotal trials, with a 

reported 12%–16% cohort discontinuation of study drug 

Table 2 Pivotal clinical trials’ demographic and efficacy summary

DEFINE CONFIRM

Sample size 1,234 1,417
Randomization Placebo:240 mg BiD:240 mg TiD Placebo:240 mg BiD:240 mg TiD:GA 20 mg
Scheme 1:1:1 1:1:1:1
Age, years ∼38.5 ∼37.3
women 73.6% 70.1%
Disease duration, years ∼5.5 ∼4.7
eDSS ∼2.4 ∼2.6

Placebo 240 mg BID 240 mg TID Placebo 240 mg BID 240 mg TID GA 20 mg

% relapse at 2 years† 46 27 26 41 29 24 32
HR versus placebo †N/A 0.51* 0.50* N/A 0.66+ 0.55* 0.71+

Annualized RR versus placebo N/A 0.47* 0.52* †N/A 0.44* 0.51* 0.29***
Confirmed disability N/A 0.62** 0.66** N/A 0.79 0.76 0.93
HR versus placebo
MRi T2 new/enlarging 17 2.6 4.4 17.4 5.1 4.7 8.0
BG-12 or GA/placebo ratio N/A 0.15* 0.26* N/A 0.29* 0.27* 0.46*
MRi T1 lesions at 2 years 7.0 3.0 2.4 4.1
BG-12 or GA/Placebo ratio N/A 0.43* 0.35* 0.59*
Contrast-enhancing lesions  
at 2 years (mean)

1.8 0.1 0.5 2.0 0.5 0.4 0.7

OR versus placebo N/A 0.1* 0.27* N/A 0.26* 0.35* 0.39*

Notes: †Primary endpoint. *P,0.001; **P=0.005; ***P,0.05; +P,0.01.
Abbreviations: BID, twice daily; CONFIRM, comparator and an oral fumarate in RRMS; DEFINE,  determination of the efficacy and safety of oral fumarate in RRMS; EDSS, 
expanded disability status scale; GA, glatiramer acetate; HR, hazard ratio; MRi, magnetic resonance imaging; N/A, not applicable; OR, odds ratio; RR, relapse rate ratio; RRMS, 
relapsing-remitting multiple sclerosis; TiD, three times daily.
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(BID or TID dosing) due to an adverse event.46,47 In the 

CONFIRM trial, the discontinuation rate of BG-12 (12%) 

was comparable to the rate among subjects randomized to 

glatiramer acetate (10%). The principle side effects expe-

rienced include gastrointestinal (10%–17% incidence) and 

flushing reaction (28%–34% incidence) which were graded 

as mild or moderate severity and were typically limited 

to the 1st month of therapy (Table 3). Flushing may be 

prostaglandin-mediated and this reaction may be mitigated 

by pretreatment with aspirin administered 30 minutes before 

BG-12 dosing.52 Appropriate dose and frequency of adminis-

tration of aspirin for this purpose is currently unknown, and 

is under clinical investigation.53 Gastrointestinal distress may 

be related to the observation of transient eosinophilia of the 

gastric mucosa in patients exposed to BG-12. Early research 

suggests that an initial daily dose of montelukast 10 mg may 

help relieve gastrointestinal side effects during the 1st month 

of therapy.54 Moreover, consuming a high-fat and -protein 

meal at time of BG-12 administration may reduce gastro-

intestinal and flushing side effects by effectively delaying 

absorption.55 Also reported was a slightly increased risk of 

infection including gastroenteritis as well as upper respiratory 

and urinary tract infection.

Labeled a pregnancy category C therapeutic, BG-12 

has demonstrated embryolethality, impaired growth, and 

birth defects in rats and rabbits.56 Indeed, BG-12 is a small 

molecule and has the ability to cross the placenta into the 

fetal circulation. Limited human pregnancy registry data 

have not identified deleterious effects to children brought to 

term or an increased frequency of spontaneous abortions.56 

Regardless, the potential for harmful effects of BG-12 to 

a developing fetus remains, prompting the recommenda-

tion for patients and partners to use effective birth control 

while exposed to BG-12. Metabolism of BG-12 does not 

utilize the CYP450 hepatic system, and therefore there is 

low concern for drug–drug interactions between BG-12 and 

oral contraceptives.57

Mixed results of preclinical animal research of DMF 

suggested the possibility of deleterious renal tissue changes 

while other publications reported a possible mitigating effect 

of nephrotoxicity by DMF.58–60 Clinical renal indices were 

followed during the pivotal trials which reported a compa-

rable incidence of proteinuria among study groups including 

placebo (8% placebo patients and 9% combined incidence 

between pivotal trials of BG-12 BID-dosed patients). There 

were no reported cases of renal failure during the pivotal 

trials and proteinuria was largely found to be mild and 

reversible.46 Postmarketing Phase IV clinical monitoring of 

BG-12, which is prospectively following renal indices, is 

currently ongoing.61

Of major clinical concern is the role BG-12 may play in 

the pathogenesis of progressive multifocal leukoencephal-

opathy (PML): a rare infection of oligodendrocytes by the 

John Cunningham virus. PML tends to begin with an insidi-

ous onset and is experienced as a relentless progression of 

neurologic disability and possible death. Indeed, a case of 

PML occurred in a patient being treated with efalizumab 

for psoriasis who had a history of fumaric acid exposure 

7 years prior to PML confirmation.62 Since FDA approval 

Table 3 Combined pivotal clinical trials’ Ae

Event Plc, n=771 
(%)

BID, n=769 
(%)

TID, n=760 
(%)

Ae leading to study  
drug discontinuation

93 (12) 109 (14) 103 (14)

Death 1 (,1) 1 (,1) 2 (,1)

(AE)

Any Ae 720 (93) 773 (95) 712 (94)
MS Relapse 344 (45) 221 (29) 199 (26)
Flushing 33 (4) 264 (34) 215 (28)
Pruritus† 19 (5) 42 (5) 34 (4)
Headache‡ 49 (13) 52 (14) 46 (13)
Fatigue‡ 33 (9) 37 (10) 33 (10)
Depression‡ 35 (10) 24 (7) 15 (4)
Nausea 67 (9) 93 (12) 105 (14)
vomiting† 24 (6) 53 (13) 54 (13)
Diarrhea 83 (11) 107 (14) 128 (17)
Upper abdominal pain 39 (5) 76 (10) 83 (11)
Abdominal pain† 22 (5) 46 (11) 37 (9)
Back pain‡ 33 (9) 35 (10) 36 (10)
Proteinuria 59 (8) 67 (9) 85 (11)
Urinary tract infx‡ 42 (12) 52 (14) 41 (12)
Nasopharyngitis‡ 58 (16) 62 (17) 63 (18)
Upper respiratory infx‡ 34 (9) 36 (10) 47 (14)

(SAE)

Any SAe 165 (21) 135 (18) 119 (16)
Relapse 111 (14) 78 (10) 62 (8)
Gastroenteritis 0 6 (,1) 3 (,1)
Gastritis† 0 0 3 (,1)
Cellulitis‡ 0 2 (,1) 1 (,1)
Abdominal pain‡ 0 2 (,1) 0
Back pain‡ 0 2 (,1) 0
Ovarian cyst† 1 (,1) 1 (,1) 2 (,1)
Headache† 0 0 2 (,1)
Pneumonia 2 (,1) 2 (,1) 0
Serious infx† 7 (2) 10 (2) 8 (2)
Malignant neoplasm† 2 (,1) 2 (,1) 2 (,1)
Muscle strain‡ 0 0 2 (,1)
Depression‡ 0 0 1 (,1)

Notes: †DeFiNe only; ‡CONFiRM only.
Abbreviations: Ae, adverse events; BiD, twice daily; CONFiRM, comparator and 
an oral fumarate in RRMS; DEFINE,  determination of the efficacy and safety of 
oral fumarate in RRMS; infx, infection; MS, multiple sclerosis; Plc, placebo; RRMS, 
relapsing-remitting multiple sclerosis; SAe, serious adverse events; TiD, three times 
daily.
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of BG-12, five additional cases of PML were reported 

with the contemporary use of Fumaderm or compounded 

FAE for the indication of psoriasis at the time of PML 

diagnosis.63–67 In all but the Nieuwkamp et al case,67 the 

patients experienced severe lymphopenia, and in most 

cases, persistent lymphopenia (200 lymphocytes/mm3) for 

2–5 years prior to PML onset. The manufacturer’s response 

at the time of these case reports emphasized the differences 

in ingredients, metabolites, and formulations between BG-12 

and Fumaderm/FAEs, and the fact that PML had not been 

associated with BG-12.68 The theoretical risk for PML on 

BG-12 stems from immunosuppression, and data from the 

pivotal trials inform that there is a reduction of mean lym-

phocyte count by 30% of baseline among those exposed to 

BG-12.46,47 Subsequent experience with BG-12 indicates 

that approximately 6% of patients on BG-12 experience a 

grade 3 (,500 lymphocytes/mm3) lymphopenia which has 

clinical implications for cell-mediated (antiviral) immunity.69 

In November 2014, the FDA published a safety warning 

after a patient who was initially enrolled in the DEFINE 

study and assigned to the placebo arm (and continued in 

the open-label extension study ENDORSE) subsequently 

died of PML.70,71 To date, this is the only case of PML in a 

patient exposed to BG-12. In this particular case, the patient 

had persistently low (grade 3) lymphopenia for over 3 years 

prior to PML onset. The manufacturer now recommends 

that lymphocyte counts be monitored every 6–12 months 

and BG-12 be held if lymphocytes remain at ,500 cells/μL 

for .6 months.72 There is a divergence of opinion among MS 

specialists regarding the frequency of lab monitoring, and it 

is the author’s practice to monitor every 3 months for the 1st 

year while monitoring every 6 months thereafter, assuming 

lymphocytes stabilized within normal limits. This practice 

is borne out of the observation that lymphocyte counts tend 

to plateau between the 9- and 12-month mark on BG-12. 

In addition, it is advisable to monitor CD8+ lymphocyte 

counts (involved in antiviral immunity) which appear to be 

disproportionately suppressed compared to CD4+ counts 

among patients exposed to BG-12.72

Patient-reported outcome  
measures, satisfaction/acceptability, 
adherence, and uptake
Patient-derived health-related quality of life (HR-QoL) 

metrics were prospectively collected during the pivotal 

trials and analyzed.73,74 A preplanned tertiary analysis of 

HR-QoL outcomes was performed on the combined data from 

DECIDE and CONFIRM.75 At baseline and approximately 

every 3–6 months, patients were administered surveys includ-

ing the SF-36 questionnaire consisting of eight multi-item 

domains which were used to measure two composite scores: 

the Physical and Mental Component  Summaries (PCS and 

MCS, respectively). Both composite scores were derived 

from four subscales. PCS comprised physical functioning, 

role-physical, bodily pain, and general health subscales, while 

MCS included vitality, social functioning, role-emotional, 

and mental health. Over 2,300 patients’ data were analyzed 

which demonstrated a mean increase in PCS and MCS scores 

(higher scores translate to better HR-QoL) at 2 years for 

patients exposed to DMF, while those randomized to placebo 

demonstrated reduced mean scores over the same time period. 

These observations were seen as early as 6 months from first 

dose of the study drug. PCS scores at 2 years increased by 

0.47 and 0.43 from baseline (DMF BID and TID, respec-

tively) while placebo mean PCS scores dropped by 1.05 

(P,0.0001 DMF versus placebo). MCS score change from 

baseline observed by +0.31, +0.63, and –0.60 (DMF BID, 

DMF TID, and placebo, respectively; P,0.025).

The authors found that subjects who experienced clini-

cal relapses had a mean PCS score that was lower at 2 years 

compared to those without a relapse (P,0.0001). While 

not statistically significant, the relapsing cohort trended for 

a lower mean MCS score compared with those who did not 

relapse (P=0.0622). Moreover, confirmed disability progres-

sion was associated with reduced mean PCS and MCS scores 

at 2 years (P,0.0001 and P=0.0076, respectively). Logistic 

regression modeling identified baseline clinical predictors of 

improved PCS and MCS at 2 years: exposure to DMF treat-

ment, less physical disability at baseline (lower EDSS), and 

lower PCS and MCS scores at baseline. Predictive modeling 

also identified an age #40 years as a predictor of improved 

PCS at 2 years (but not MCS). The estimated increased odds 

for PCS score improvement over 2 years with DMF exposure 

compared to placebo was 42%. The authors concluded that 

their exploratory analyses suggest a parallel improvement in 

patient-reported HR-QoL in association with DMF exposure 

that appears to be related to improved clinical trial metrics 

of reduced clinical relapses and mitigation of sustained 

disability.75

Social media research supports the perception that 

patients prefer oral therapies in the treatment of MS, and the 

comparable study drug discontinuation rate from the pivotal 

trials of BG-12 compared with traditional platform therapies 

further support acceptable adherence and general acceptance 

among patients for DMF.22 Furthermore, patient-reported 

outcomes collected during the pivotal trials clarifies the 
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benefits of BG-12 treatment from a patient’s perspective 

and further validates the efficacy of BG-12 in MS clinical 

care.76

Conclusion and place in therapy
A topic of great interest in the MS community is the appro-

priate DMT sequencing options for patients on natalizumab 

with multiple risk factors for PML. Established risk fac-

tors for PML in the setting of natalizumab administration 

include: 1) John Cunningham virus antibody seropositivity 

(particularly an antibody index titer .1.5); 2) any exposure 

to cytotoxic therapy; and 3) duration of natalizumab expo-

sure .2 years. The concept of a “drug holiday” – of variable 

time off natalizumab – has been postulated as a way to theo-

retically reduce the risk of PML in the high-risk population. 

The RESTORE study, an exploratory investigation of MS 

disease response to a 24-week interruption of natalizumab 

with a double-blinded placebo or partially-blinded active 

comparator DMT versus natalizumab continuation, revealed 

a substantial risk of MS disease recurrence in the form of 

a clinical relapse or MRI inflammatory activity.77 While 

no MRI activity was seen in the natalizumab continuation 

group, 46% of placebo patients demonstrated MRI activity 

that was generally observed between the 3rd and 6th month 

after randomization. Although it is not clear whether a drug 

holiday confers a more favorable PML risk stratification, 

published data have identified cases of PML occurring 

6 months after the last natalizumab infusion.78

In this context, the clinician and patient must weigh the 

PML risk of continued natalizumab exposure to the more 

likely risk of a significant recrudescence of MS disease activ-

ity after discontinuing natalizumab. To date, there is a pau-

city of data to aid the clinician. An MSBase Registry study 

reported on 89 patients who were transitioned from natali-

zumab to fingolimod with varying washout periods.79 ARRs 

were slightly increased during the fingolimod treatment period 

(0.38) compared to the natalizumab treatment epoch (0.26, 

P=0.002); however, ARR prior to natalizumab and fingolimod 

was reported in the range of 1.5, suggesting that there was 

not a significant rebound in disease activity after transitioning 

from natalizumab to fingolimod. Moreover, stratification of 

the cohort based on washout-period duration suggests that 

a period of ,2 months is more favorable than 2–4 months 

(adjusted hazard ratio: 1.54, P=0.10 versus adjusted hazard 

ratio: 2.12, P=0.04, respectively).79 Indeed, a small clinical 

and MRI study of 22 patients transitioning from natalizumab 

to fingolimod found that a 3-month washout period prior to 

fingolimod initiation was insufficient to prevent reactivation 

of MS inflammatory disease activity in half the cohort.80 Early 

data suggests that extended washout periods from natalizumab 

are hazardous and sequencing to fingolimod may be optimal 

with short washouts, or none at all.81

The application of BG-12 as a sequencing agent off of 

natalizumab is variable among clinicians in the absence of 

guidelines. An academic MS center retrospectively reviewed 

the course of transition from natalizumab to BG-12 in 

40 patients with or without the use of pulsed-monthly meth-

ylprednisolone infusions.82 Prescriber habits demonstrated 

the use of steroids in approximately half of the cohort (n=21), 

particularly in patients experiencing relapses in the washout 

period which ranged from 2 to 82 weeks (average 18.2-week 

washout period). Relapses occurred in 12.5% of the cohort 

in the washout period, while 15% experienced a relapse after 

BG-12 initiation. No stratification by duration of washout 

period was analyzed. The authors concluded that lengthy 

washout periods with pulsed-monthly steroids may not improve 

the transition process, and therefore, larger population stud-

ies are needed. A separate academic MS center reported a 

cohort of 51 patients who switched to BG-12 after a 4-week 

washout from natalizumab. Among this group, 25% relapsed 

(85% women) over a 6-month observational period.83 In an 

additional exploratory study, patients at high risk for PML 

underwent a natalizumab to BG-12 transition (n=29) after 

a 3-week washout period. Approximately 38% of the cohort 

experienced an MS relapse while only 21% of patients dem-

onstrated new, enlarging, or Gd+ lesions on MRI. There was 

no observed increase in disability (measured by the EDSS) 

during the 6-month follow-up period. Among this cohort, 76% 

of patients successfully transitioned to BG-12.84

Actionable data to inform DMT sequencing guidelines is 

clearly lacking. At present, a Phase IV observational study 

(STRATEGY) is underway to evaluate clinical relapse activ-

ity during the natalizumab to BG-12 transition in a real-world 

setting.85 Despite the lack of available data, some MS experts 

suggest that a washout period of 2 months or less is advis-

able when sequencing to BG-12.86 It is the author’s opinion 

that in cases of historically aggressive MS disease activity, 

consideration for no washout period when transitioning to 

BG-12 should be taken with screening MRI of the brain with 

gadolinium at 3 months after the last natalizumab infusion. 

Demargination of leukocytes in the systemic circulation due 

to natalizumab typically results in higher than normal levels 

of functional circulating lymphocytes. Therefore,  introduction 

of BG-12 immediately after stopping natalizumab may not 

result in severe lymphopenia (and subsequent increased risk 

for opportunistic infection) immediately during the critical 
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period of transition where there remains the heightened risk of 

recurrent MS disease activity. Recommendations for shorter 

washout periods are further supported by the observation 

that lymphocyte reduction due to BG-12 is first noticeable at 

4–6 weeks after initiation and begins to plateau between 24 

and 48 weeks.47,69 This is the critical timeframe for expected 

recurrent disease activity after discontinuing natalizumab, 

and relatively low risk for PML. Currently, there is data 

demonstrating the successful use of BG-12 in sequencing 

patients off of natalizumab. Further data is needed to clarify 

the optimal washout period and sequencing agents for future 

guidelines regarding natalizumab discontinuation.

BG-12 offers a unique putative mechanism of action 

with potential neuroprotective and anti-inflammatory 

benefit; it has a demonstrated record of effectiveness in 

ameliorating the deleterious course of relapsing MS; and 

is generally well tolerated. The safety profile is also con-

sidered favorable, particularly when practitioners vigilantly 

monitor leukocyte and lymphocyte counts, and T-cell sub-

sets in order to identify the expected 6% of patients that 

may reach significant levels of immunosuppression and 

risk for opportunistic infection such as PML. While there 

is a divergence of opinion among MS experts in regards 

to lab monitoring, the author’s practice is to monitor a 

complete blood count (with differential to include absolute 

lymphocyte count) and CD4/CD8 T-cell subsets every 3 

months during the 1st year of BG-12 therapy, and if counts 

are acceptable, every 6 months thereafter. Absolute lym-

phocyte counts typically reach a nadir around the 6-month 

mark, although this can be delayed out to 1 year.58 If grade 

3 lymphopenia (,500 cells/mm3) is observed for 6 or more 

months, it is recommended to discontinue BG-12. Clini-

cal data indicate that lymphocyte counts are observed to 

begin approaching baseline levels within 1 month of BG-12 

discontinuation.58

Combined analysis of CONFIRM and DEFINE allowed 

subgroup analysis of early MS patients (diagnosed within 

1 year of study entry).87 A total of 688 early MS patients that 

were approximately evenly distributed between placebo and 

BID or TID dosing of BG-12. ARR was reduced by 56% (BID) 

and 60% (TID) compared to placebo (P,0.0001). Risk of 

confirmed 12-week disability progression was reduced by 71% 

(BID) and 47% (TID) when compared to placebo (P,0.009). 

These post hoc analyses demonstrate that early treatment of 

MS is efficacious and the beneficial effects may be more robust 

when compared to the combined CONFIRM and DEFINE 

cohort as a whole. In the setting of interferon-β-1b treatment, 

early exposure to DMT also demonstrated favorable long-term 

outcomes when compared to delayed exposure.21 These data 

support the narrative that a narrow window of opportunity 

exists to intervene for optimal short- and long-term benefit – 

ostensibly before considerable CNS inflammatory damage and 

the degenerative changes of MS ensue. In this setting, BG-12 

240 mg dosed BID may be considered a valid first-line treat-

ment of relapsing forms of MS.88–90

Disclosure
The author has participated in the speaker’s bureau for  Biogen 

Idec and Teva.
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