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Abstract: Dimethyl fumarate (DMF) is an oral disease-modifying therapy approved for
management of relapsing-remitting multiple sclerosis patients. Results from phase 3 clinical
trials (DEFINE, CONFIRM) and follow-up study (ENDORSE) have provided good evidence for
its efficacy and safety profile. Patient-reported outcomes (PROs) assessment revealed stabiliza-
tion or boost in health-related quality of life and work productivity of patients treated with DMF
compared to placebo reflecting a higher patient satisfaction to therapy. Being an oral agent with
relatively favorable risk versus benefit profile DMF is commonly prescribed first-line agent.
However, literature suggests that intolerance to side effects, especially gastrointestinal adverse
effects and flushing is one of the major causes to compromised therapeutic compliance. An
increase in the real-world incidence of progressive multifocal leukoencephalopathy and liver
abnormality cases is also concerning. Several prevention and mitigation strategies like patient
counseling, dose up-titration, pretreatment with aspirin, use of symptomatic therapy and frequent
blood monitoring have demonstrated to be effective in tackling these adverse effects and
promoting adherence to DMF. In this article, we review the efficacy, safety, PROs and patient
adhere data, along with various measures to manage adverse events and promote compliance.
Keywords: dimethyl fumarate, multiple sclerosis, drug safety, patient adherence

Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disorder of the
central nervous system characterized by dysregulation of both innate and adaptive
immune responses.’ Though the pathogenesis is unclear, interplay between genetic,
lifestyle and environmental factors play a major role.” The incidence of MS has
escalated over the past few decades and the disorder typically afflicts young adults
with a higher incidence in women.? Relapsing-remitting multiple sclerosis (RRMS)
is the most common initial presenting subtype, characterized by distinct relapses
alternating with a period of either full recovery or incomplete recovery.* Seventeen
disease-modifying therapies (DMTs) are currently available in the market for
treatment of relapsing-remitting multiple sclerosis (RRMS).>’ These include oral,
self-injectable and infusible medications with varied mechanisms of action and
degrees of efficacy.® Due to fear of needles, difficulty with self-injection, injec-
tion-site reactions and a range of infusion-associated reactions like headache, rash,
pyrexia, nausea and flushing, oral forms of therapy may appear to be more appeal-
ing to the patients.® '® Prior studies have also demonstrated greater adherence and

persistence to oral DMTs compared with injectable DMTs.'"'?
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Dimethyl fumarate (DMF) was approved by the US
Food and Drug Administration and European Medicines
Agency during March 2013 for relapsing forms of MS.
Though recently approved for relapsing forms of MS,
DMF use for psoriasis dates back to 1990s and has widely
published favorable efficacy and safety data in the
literature.'> DMF is one of the first-line agents for treat-
ment of new-onset RRMS with intermediate disease
activity.'* Due to ease of administration, favorable efficacy
and adverse effect profile, DMF was one of the most
prescribed oral medication post approval.’ However, with
more than 5 years of real-world use, it is crucial to eval-
uate patient’s experiences and acceptance to the treatment.

Mechanism of action

The exact mechanism of action of DMF has not yet been
fully elucidated. Most studies conducted so far propose
that the therapeutic benefits of DMF are primarily through
immunomodulatory and antioxidative mechanisms.

Antioxidative effect

Due to its ability to covalently modify proteins, a rapid
decline in major intracellular antioxidant Glutathione
(GSH) is seen following exposure to fumaric acid esters.'”
Decreased levels of GSH lead to an upregulation in tran-
scription of nuclear factor erythroid 2-related factor 2
(Nrf2). fumarate (MMF),
which is an active metabolite of DMF, causes modification

Furthermore, monomethyl
of cysteine residue 151 of Kelch-like ECH-associated pro-
tein 1 (KEAP1) which normally induces ubiquitin-
mediated degradation of Nrf2. Such modification prevents
the interaction between the two molecules and stabilizes
Nrf2.'® The resultant increase in Nrf2 proteins translocate
to the nucleus and activate transcription of several antiox-
idant genes like glutathione S-transferases (GST), heme
oxygenase 1 (HO-1) and NAD(P)H: quinone oxidoreduc-
tase (NQO1) and subsequent increase in the production of
GSH.!” DMF has also been shown to prevent oxidative
stress-induced apoptosis and promote survival of neural
stem/progenitor cells and differentiated neurons by indu-
cing Nrf2 ERK 1/2-MAPK pathway.'® This is supported by
the termination of Nrf2 accumulation upon administering
ERK1/2 inhibitor, PD98059."®

Immunomodulatory effects

DMF and its active metabolite MMF exert a variety of
immunomodulatory effects primarily through impairment
of NF-xB signaling. Depletion of intracellular GSH stores

by DMF upregulates heme oxygenase-1 (HO-1) production,
which binds to NF-kB and prevents the transcription of
IL-23p19 gene. DMF also impairs STAT1 phosphorylation
leading to inhibition of IL-12p35 transcription. This causes
type II dendritic cells to produce more interleukin-10 (IL-10)
instead of IL-12 or IL-23. HO-1 also inhibits T cell prolifera-
tion by decreasing MHC class II expression on antigen-pre-
senting cells."’ Furthermore, DMF inhibits a nuclear kinase,
MSK 1 mediated phosphorylation of NF-kB/P65 subunit and
histone-3 at serine 10 of DNA leading to suppression of P65
ability to bind to DNA and thereby impede its transcriptional
activity.”® DMF is also shown to inhibit TNF alpha and IL-10
induced nuclear accumulation of NF-kB/P50 subunit*' and
prevents IkBa degradation, which normally binds to and
sequesters NF-kB proteins in the cytoplasm.*? Ultimately,
suppressing NF-kB signaling was found to reduce nitric
oxide synthetase 2 (NOS2), IL-6 and IL-12 gene expression,
thereby preventing pro-inflammatory T helper cell differen-
tiation and also decreasing nitric oxide-induced oligodendro-
cyte and neuronal damage %>

DMF induces apoptosis of T cells by decreasing
expression of the anti-apoptotic protein Bcl-2 and also
due to upregulation of Apo2.7, which leads to DNA
fragmentation.” In addition, DMF exhibits immunomodu-
lation by biasing toward CCR3+Th2 subsets of T cells.
This leads to an increase in anti-inflammatory cytokines,
IL-4 and a decrease in pro-inflammatory cytokines, IFN-y
and IL-17.%* DMF has also shown to alter regulatory T cell
population by specifically enhancing pTreg subsets, which
are known to promote peripheral tolerance.*

Activation of hydroxycarboxylic acid receptor 2
(HCAR2) by MMF in experimental autoimmune ence-
phalomyelitis (EAE) mice led to a shift in molecular and
functional phenotypes of activated microglia from pro-
inflammatory to neuroprotective type. Also, HCAR2-
mediated activation of downstream AMPK-Sirtl axis
led to inhibition of NF-kB. DMF restored synaptic altera-
tions by modulating glutamate release in the corticostria-
tal tracts of the mice.?® It also reduced demyelination of
spinal cord and immune cell infiltration through interfer-
ing neutrophil adhesion to endothelial cells and chemo-
taxis in wild type mice. However, this effect was not
observed in HCA2—/— mice indicating the potential role
of HCA?2 in DMF-induced neuroprotection.”’

Pharmacokinetics
DMF is administered orally in the form of enteric-coated
delayed-release capsules to prevent fumaric acid-induced
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gastric irritation.”® It is almost completely and rapidly
hydrolyzed by esterases to an active metabolite MMF in
the alkaline milieu in small intestine mucosa. Remaining
DMF is hydrolyzed either in the portal vein/plasma or
forms a GSH adduct which is metabolized to mercapturic
acid and is later excreted in the urine. Only MMF was
detected in the plasma indicating its predominance in
biological effects in vivo. MMF is further metabolized to
form H,O and carbon dioxide through tricarboxylic acid
cycle. DMF does not involve in any potential drug to drug
interactions as no CYP metabolism was identified.”®*’
The mean time taken for MMF to reach peak concentra-
tion (T max) following administration of 240 mg DMF
twice daily (BID) and thrice daily (TID) was 4 and 6 hrs,
respectively. The average half-life of MMF was observed
to be 0.81 hrs (BID) and 0.85 hrs (TID). No accumulation
of MMF was observed with multiple dosing of DMF.**
The relatively short half-life and lack of accumulation
highlight the importance of medication compliance. Co-
administration of DMF with high calorie and fat-rich food
is shown to delay T max for up to a few hours and a
decrease in the peak plasma concentration (C max) by
40%; however, it does not modify the AUC. This delayed
metabolism has shown to decrease side effects and
increase patient tolerability.’ A recent study analyzing
CSF samples following administration of oral DMF
showed that peak plasma concentration (C max) of MMF
in the CSF ranged in between 39 and 79 ng/mL and T max
was 7 hrs. Interestingly, the ratio of CSF to plasma MMF
concentration post 7 hrs was 15%, indicating that MMF
can potentially cross the blood-brain barrier and exert a
direct neuroprotective effect.*?

Efficacy

Clinical efficacy

Two phase 3 studies, namely CONFIRM and DEFINE
have demonstrated efficacy of DMF in the management
of RRMS. In the DEFINE study, there was a significant
reduction in annualized relapse rate (ARR) in DMF group
(53% with BID and 48% with TID) as compared to pla-
cebo at 2 years.*® A significant reduction in proportions of
patients with confirmed progression of disease at 3 months
(38% with BID and 34% with TID) was noted.>® In the
CONFIRM study, DMF-associated reduction in ARR was
44% (in BID dosing) and 51% (in TID dosing) over a
period of 2 years compared to placebo.’® Interestingly,
DMF caused rapid (ie, within 12 weeks of initiation of

DMF) and sustained reduction in ARR and cumulative risk
of relapse compared to placebo.*” In the CONFIRM study,
DMF was associated with a notable decrease in disability
progression compared to placebo, but the difference was
not statistically significant. However, an integrated analy-
sis of both the DEFINE and CONFIRM studies demon-
strated a significant reduction in confirmed disability
progression measured by Expanded Disability Status
Scale (EDSS) both at 12-weeks and 24 weeks compared
to placebo.® Integrated post-hoc analysis also showed a
significant association of DMF with functional improve-
Multiple
Composite (MSFC) score compared to placebo (mean
change in MSFC was 0.054 in DMF vs —0.053 in
placebo).’’

ments measured by Sclerosis  Functional

DMF has demonstrated a remarkable neuroradiological
efficacy. Results from the MRI cohort of DEFINE and
CONFIRM study showed a significant reduction in number
of new or enlarging T2 hyperintense and Gadolinium-
enhancing lesions at 6 months and the effect was sustained
at 1 and 2 years.>**® A small retrospective study conducted
in a real-world setting correspondingly showed a lower rate
of whole-brain atrophy over a period of 1 year
Additionally,
(MTR), a likely measure for assessing myelin density in
brain tissue analyzed from the DEFINE study showed a
significant increase in myelin density of 0.129% with DMF
BID and 0.096% with DMF TID over 2 years whereas
decrease in myelin density was noticed in placebo group
(—0.386%), substantiating neuroprotective role of DMF.*®

No evidence of disease activity (NEDA) status is a

whole-brain magnetization transfer ratio

helpful hybrid measure used in validating therapeutic
response. NEDA status is considered to be achieved if
there are no relapses, no 12-week disability progression
(clinical NEDA) and no MRI activity (neuro radiological
NEDA). Integrated analysis of the MRI cohort of DEFINE
and CONFIRM trials showed that a significantly higher
percentage of patients achieved overall NEDA in the DMF
treatment group compared to placebo over 2 years (26% vs
12%), with a relative risk reduction of 42.7%.*°
Sustained clinical and neuroradiological efficacy have
been demonstrated in long-term extension of these studies
(ENDORSE).*! Five-year interim results (2 years of
CONFIRM/DEFINE and 3 years of ENDORSE) showed
low clinical and MRI disease activity and acceptable
safety profile for patients continuing DMF BID or TID

dosing. Several post-marketing and real-world studies
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published so far have substantiated the long-term efficacy
of DMF.#*™

Patient-reported outcomes

Assessing patient experiences by means of patient-
reported outcomes (PROs) is valuable in substantiating
the effectiveness of treatment.*® MS is known to signifi-
cantly impact the quality of life of patients.*” Health-
related quality of life (HRQoL) assessment was conducted
at baseline and approximately every 12-24 weeks in both
the phase 3 studies using 3 PROs, namely, Short form (SF-
36 questionnaire), EuroQol-5D (EQ-5D) instruments and
patient global assessment of well-being visual analog scale
(VAS). Greater impairment in HRQoL was noticed in
patients with higher disability scores and those who had
a relapse. DMF was found to either significantly increase
or stabilize HRQoL scores of treated patients whereas a
decline was noticed in the placebo group. In patients who
had >1 relapse during the study period, treatment with
DMF was shown to reduce the impact of relapse as evident
by lesser extent of reduction or even improvement in SF-
36 Physical component scores (PCS) and Mental compo-
nent scores (MCS) as compared to steady decline in the
placebo group (Table 1).***° Such improved patient-per-
ceived health status following treatment with DMF can
positively influence patient acceptance and promote treat-
ment satisfaction. Convincingly, two large observational
studies conducted, namely, PROTEC and ESTEEM study
showed a stable or higher PROs scores with the use of
DMEF in the real world similar to the effect seen in phase 3
trials.*>** It is worth noting that patients treated with DMF
had a more positive impact on HQRoL and subsequently
work productivity compared to other first-line therapies
like interferon and glatiramer acetate. The data collected
using patient self-completion forms showed higher
HRQoL and work productivity outcomes in DMF patients
than in patients receiving an interferon or glatiramer acet-
ate therapy.”’

Side effects

DMF has demonstrated a good safety and tolerability
profile in two major phase 3 clinical trials. Flushing and
gastrointestinal (GI) events (which included diarrhea,
upper abdominal pain, nausea, vomiting) were the com-
mon symptoms patients experienced after taking DMF. In
an integrated analysis of CONFIRM/DEFINE, the inci-
dence of GI adverse events (AEs) was 40% in DMF
group as compared to 31% in the placebo group over 2

years. Similarly, the incidence of flushing was 45% in the
DMF group compared to 8% in the placebo group.
Notably, the incidence of flushing and GI AEs was highest
in the first month and thereafter reduced significantly.”'
The incidence of serious adverse effects was similar across
both groups. No incidence of malignancies was reported.
The overall incidence of infections across all the treatment
groups was similar. Most common infections reported in
the DMF group included nasopharyngitis, urinary tract
infections, upper respiratory tract infection, bronchitis
and influenza.®*3*

Long-term follow-up data obtained from the
ENDORSE study also demonstrated a favorable risk-ben-
efit profile of DMF. Patients who continued on DMF more
commonly reported multiple sclerosis relapse and naso-
pharyngitis whereas flushing and GI events were more
common in patients new to DMF. However, the overall
incidence of adverse events including serious adverse
events was similar across all the treatment groups.*'

DMF is known to cause apoptosis of lymphocytes
resulting in lymphocytopenia. In DEFINE/CONFIRM,
the lymphocyte count was reported to decrease by approxi-
mately 30% during the 1st year and later the levels pla-
teaued. Around 6% of the patients developed grade 3
lymphopenia (absolute lymphocyte count (ALC) of less
than 0.5x10%/L) in the treatment group vs less than 1% in
the placebo group.>*** Five-year interim analysis of the
ENDORSE study revealed that the incidence of grade 3
lymphopenia was 7-8% in patients continuing DMF dur-
ing extension phase and 6-9% in patients who were
switched from placebo to DMF.*' In a recent real-world
study of 405 patients on DMF therapy, the incidence of
lymphopenia was higher than that observed in phase 3 stu-
dies (17% of the patients developed grade 2 lymphopenia
[<800/mm®] and 11% had grade 2+3 lymphopenia
[<500/mm>]).>* The risk of lymphopenia was found to
increase with older age especially >55 years, patients
with low baseline ALCs, longer disease duration and
those previously on natalizumab.***> Patients with grade
2 or above lymphopenia had persistently low counts often
necessitating cessation of treatment and were observed to
normalize only after a period of >5 months.*’

Nineteen cases of Progressive multifocal leukoence-
phalopathy (PML) have been reported following use of
fumaric acid esters, of which 5 were reported in RRMS
patients. Among those 5 patients, 3 had persistent grade 3
had grade 2
lymphopenia.”® However, all the 19 cases had low CD4+

lymphopenia for >6 months and 1
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Table | Summary of patient-reported outcomes from phase 3 trials

Study DEFINE*’ CONFIRM*®

Placebo BG 12 (240 mg) Placebo BG 12 (240 mg)

BID TID BID TID

SF- 36
Evaluable patients (n) 389 400 400 344 341 328
PCS scale at baseline (Mean, SD) | 43.3 (10.2) 42.9 (10.02) | 43.7 (10.80) 42.94 (9.90) 43.07 (9.91) | 43.02 (10.0)
Improved (%) 16.2 21.8 24.0 19.2 22 26.2
Stable (%) 56.8 59.8 58.8 57 58.7 527
Worsened (%) 27.0 18.5 17.3 238 19.4 21
OR for improvement 1.47 1.79 1.22 1.6
P-value 0.0498 0.0027 0.3186 0.0188
MCS scale at baseline (mean, SD) | 45.7 (11.15) 45.3 (10.93) | 45.1 (10.68) 44.8 (10.73) 454 (11.7) | 44.9 (10.75)
Improved, (%) 20.6 25.8 30 25.9 27.6 30.2
Stable (%) 50.1 50.5 49.8 453 44.6 433
Worsened (%) 29.3 23.8 20.3 28.8 279 26.5
OR for improvement 1.44 1.93 1.20 1.39
P-value 0.0652 0.0008 0.3660 0.1024

With relapse (n=395)

Without relapse (n=948)

With relapse (n=354)

Without relapse (n=835)

PCS score (mean, SD)

Change from baseline to 2 years | —2.10 (7.45) 0.72 (6.94) —0.97 (8.07) 0.57 (7.38)
P-value <0.0001 <0.0001

MCS score (mean, SD)

Change from baseline to 2 years —0.47 (10.05) 0.31 (9.25) —0.67 (10.58) 0.52 (9.71)
P-value 0.6635 0.0112

EQ-5D index score (mean, SD)

Change from baseline to 2 years | —0.02 (0.20) 0.01 (0.01) —-0.01 (0.22) 0.01 (0.19)
P-value 0.0004 0.0005

EQ-5D VAS (mean, SD)

Change from baseline to 2 years —6.03 (17.86) 0.52 (15.99) —4.04 (19.20) 0.30 (17.52)
P-value <0.0001 <0.0001

Abbreviations: SF-36, Short Form 36; PCS, Physical Component Summary (physical functioning, role-physical, bodily pain and general health); MCS, Mental Component
Summary (vitality, social functioning, role-emotional and mental health); EQ-5D, mobility, self-care, usual activities, pain/discomfort and anxiety/depression; SD, standard
deviation; TID, thrice daily; BID, twice daily; OR, odds ratio.

the CSF (1,988,880 copies/mL) and serum and highly
positive anti-JCV-antibody in CSF and serum despite no

and CD8+ T cells, with a more pronounced reduction in
CDS8+ T cells.’* A recently published case of a 76-year-old
patient on DMF treatment (since April 2014) was inciden-
tally found to have John Cunningham virus (JCV) DNA in

symptoms of PML or global lymphopenia (ALCs were
always >1240). However, there was a reduction in CD8+
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T cell levels and an increase in CD4+/CD8+ ratio despite
normal ALCs suggesting the importance of monitoring
these subsets.”

Hepatic dysfunction or transaminitis is another poten-
tial adverse effect of DMF. A higher percentage of patients
with elevations of liver aminotransferase levels more than
3 times upper the normal limit were observed in DMF
treated group compared to placebo in the DEFINE study
(6% vs 3%) whereas no difference across study groups
was noticed in the CONFIRM study.**** Although no
cases of hepatic failure have been reported in phase 3
trials, a total of 14 clinically significant liver injury cases
were observed following real-world use of DMF either due
to DMF hypersensitivity, infection or autoimmune hepati-

tis, with onset as early as a month of initiation.”®

Patient adherence information

Multiple sclerosis patients are subjected to long-term treat-
ment regimens and thus, adherence to medication plays a
crucial role in disease control. Higher treatment adherence

also decreases the economic burden on patients by
decreasing MS-related hospitalizations, relapses and
related costs.”’

In the DEFINE study, the discontinuation rates across
DMF and placebo groups were similar (31% and 35%,
respectively). Specifically, the proportion of patients who
switched to other MS medications was lower in DMF
group (6% in BID and 5% in TID BG 12 group) as
compared to placebo (13%).** In the CONFIRM study,
the rate of discontinuation and the proportion of switch
to alternative MS medications was higher in the placebo
group as compared to the DMF-treated group (36% vs
30% in BID, 28% in TID group).>* The overall disconti-
nuation rates secondary to adverse effects in both the
studies were comparable between treatment and placebo
group with flushing and GI AEs more significantly con-
tributing to discontinuation (Figure 1).>' ENDORSE data
showed that the patients new to DMF therapy had higher
rates of discontinuation secondary to adverse events (PBO
to DMF - 14-26%) as compared to those who were

40

Percentange

B CONFIRM Placebo

Figure | Dimethyl fumarate (DMF) patient adherence data from phase 3 studies.

CONFIRM DMF BID ® DEFINE Placebo

mDEFINE DMF BID

Abbreviations: D/C, discontinued; BID, twice daily; MS, multiple sclerosis; Gl, gastrointestinal; AE, adverse effects; Others, personal reasons or decisions, moving to
another geographic area, desire to become pregnant, actual pregnancy, lost to follow-up, investigator decision, perceived lack of efficacy and having previously met the

protocol-defined relapse criteria for alternative MS medication.
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continued on DMF treatment (6-7%).*" This significant
difference in discontinuation rates is largely due to GI
disturbance and flushing occurring early in DMF therapy.

Several post-marketing studies have also evaluated tol-
erability and adherence to DMF (Table 2). An open-label,
single-arm study (TOLERATE) was conducted to assess GI
tolerability in the real world using eDiaries to document GI
events (frequency, severity, duration) and also mitigation
strategies for a period of 12 weeks.”® The study showed
that 14.7% of the patients on DMF discontinued treatment,
of which 10% was due to AEs. A total of 6.6% patients
discontinued due to GI AEs despite receiving symptomatic
treatment. Also, DMF induced hypersensitivity reaction and
elevation of AST, ALT and GGTs were reported to cause
treatment discontinuation. In another study (MANAGE),
the discontinuation rates due to AEs were found to be
9.9%, of which 7.3% of the patients dropped out treatment
due to GI intolerance.>® Furthermore, persistent lymphope-
nia due to DMF prompted discontinuation of treatment in
clinical practice unlike in CONFIRM trial where disconti-
nuation due to this reason was not reported.** Notably, in a
population-based cohort study of 400 patients, only 43% of
the patients remained persistent (ie, no treatment gap >60
days or switching to another DMT) at the end of 2-year
treatment reflecting low persistence to DMF in the real
world compared to phase 3 trials.®” Although DMF has
shown to be equally efficacious as fingolimod and superior
to teriflunomide,®' several studies published so far compar-
ing the tolerability profile of these oral-administered DMTs
suggest that DMF has lower adherence and persistence

Table 2 Real-world evidence to dimethyl fumarate adherence

compared to either fingolimod or teriflunomide especially
due to adverse effects, indicating a compelling need to
manage intolerability to dimethyl fumarate treatment.®*?
The frequency of dosing is also an important factor to effect
adherence to the treatment. Even though per oral adminis-
tration is more convenient, studies have shown the multi-
ple—daily dosing can influence patient’s choice and

compliance.®*%°

Measures to promote treatment

adherence

Given the evidence of good clinical and radiological effi-
cacy in pivotal trials and in clinical practice, there is a
necessity to address poor adherence and prevent treatment
discontinuation.

Patient education and setting

expectations

Patient counseling and expectation setting prior to treat-
ment initiation have been recommended by experts as a
very effective means to foster adherence and persistence to
therapy.°® A standard nursing initiation protocol also
called the New York University (NYU) initiation protocol
developed by a nursing team at NYU MS comprehensive
center reflects the importance of effective nursing strate-
gies and education in improving DMF tolerability.®” The
protocol includes educating the patient and family mem-
bers prior to treatment initiation, providing them with
written and verbal instructions to prevent and manage
side effects, encouraging use of weekly diary to assist in

Study name Miclea et al, 201674 Smoot et al, 20174 Sejbaek et al, 20187°
Type of study Retrospective study Prospective study Retrospective study
Number of patients evaluated 644 412 253
Sex ratio M/F 193/451 96/316 771176
Treatment naive patients, % 45.2 30 29.2
Discontinuation of DMF, % 28.7 38 27.7
Discontinuation due to AE, % 222 28.6 21.3
Gastrointestinal AEs, % 12.7 15 10.9
Lymphopenia, % 5.3 6 2.6
Flushing, % 1.7 24 32
Other AEs, % 25 5.1 4.6
Discontinuation due to relapse/inefficacy/MRI worsening, % 6.5 12.8 6.3

Note: Other AEs include rash, elevated ALT, depression, edema, arthralgia.
Abbreviations: DMF, dimethyl fumarate; M/F, male/female; AE, adverse effects; MRI, magnetic resonance imaging.
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tracking side effects and mitigation strategies, reviewing
safety monitoring protocols, regular follow-ups to assess
medication tolerability. A retrospective study comparing
discontinuation rates in patients who followed the NYU
protocol versus the Biogen protocol demonstrated higher
tolerability and lower rates in discontinuation at 6 weeks
with the NYU protocol (2.5% vs 12%).” In a web-based
survey conducted in German MS patients using anon-
ymous questionnaire, it was observed that patients who
had realistic expectations of treatment outcomes, reliable
information sources and good self-management skills
strongly correlated with adherent behavior. Individualized
coaching calls offered through patient counseling pro-
grams (PCP) to the participants based on their adherent
behavior reported to have a low therapy dropout rate
(3.7%) as compared to those who were not coached sig-
nifying the importance of good support system in promot-
ing patient adherence.®®

Gastrointestinal adverse effects

Though gastrointestinal adverse effects are transient, they
are extremely unpleasant for patients. Through a Delphi
process, a consensus was reached among North American
clinicians on strategies to manage GI AEs. Based on the
survey results, co-administration of DMF with a meal is
considered an effective way of minimizing the incidence
and severity of GI AEs. High fat (such as peanut butter,
yogurt, and cheese), high protein and low starch food is
recommended by most of the responders.”” In both
MANAGE and TOLERATE studies, patients were advised
to take the medication along with or within 1 hr of meal. A
modest reduction in the occurrence of GI AEs was observed
in patients who consistently took DMF with meal
Strikingly, in the MANAGE study, the percentage of
patients with severe GI outcomes was significantly lower
(7.7%) in patients who took DMF regularly with food
compared to those who did not (15.5%). However, only
17% of the participants in MANAGE and 24% in
TOLERATE complied regularly with these instructions.”®>’
According to Biogen prescribing information, patients are
recommended to take 120 mg DMF BID for first 7 days as
a starter dose followed by 240 mg BID as maintenance

> but slower titration for more than 7 days

dose,
(<4 weeks) to maintenance dose was found to increase GI
tolerability.*” However, a study conducted in healthy volun-
teers receiving slow titration of DMF showed no effects on

GI tolerability.”

A modified titration schedule has been proposed by a
nursing team as part of NYU initiation protocol recom-
mends dosing as follows: 120 mg OD for first 14 days,
followed by 240 mg OD for next 14 days, followed by 240
mg BID. Interestingly, a retrospective chart review showed
that patients who followed NYU initiation protocol had
higher GI tolerability compared to patients on Biogen
protocol (1.9% vs 8%).”

Temporary dose reduction is another option to promote
GI tolerability in patients who develop severe GI AEs
while on 240 mg BID. It is advisable to switch to 120
mg BID for 1 to 2 weeks and slowly re-titrate to main-
tenance dose over a period of 4 weeks. In patients who are
unable to tolerate even after re-titration, discontinuation of
DMF is considered.’’*” Symptomatic management of GI
AEs is recommended by experts to alleviate symptoms. In
a Delphi study, most clinicians agreed upon using ondan-
setron, bismuth subsalicylate and promethazine for nausea
and vomiting, antacids for nausea, bismuth subsalicylate,
antacids and anti-secretory drug treatment for abdominal
pain and loperamide and diphenoxylate/atropine for
diarrhea.®® In both the MANAGE and TOLERATE stu-
dies, the severity of GI AEs was reduced with the use of
symptomatic management. Notably, use of symptomatic
therapy was maximum during first 1-4 weeks, and by
12th week, only 10% of the patients in the MANAGE
study and 3.3% of the patients in the TOLERATE study
required symptomatic therapy.”®>’ A recent placebo-con-
trolled study (PREVENT) demonstrated that bismuth sub-
salicylate is effective in reducing the incidence and
severity of flatulence and diarrhea as compared to
placebo.”! A small single-arm study demonstrated the
efficacy of 10 mg montelukast in attenuating GI AEs.””
However, in the MITIGATE study, montelukast adminis-
tration was not associated with any significant change in
the incidence and severity of GI AEs as compared to
placebo.”

Flushing

Pretreatment with aspirin is proven to be successful in
mitigating flushing. A study conducted in healthy volun-
teers showed that pretreatment with 325 mg of aspirin
(ASA) 30 mins before DMF dosing reduced the incidence,
severity and the number of flushing events compared to
the placebo group, but no effect was noticed on the dura-
tion of each event.”” Use of aspirin had no adverse impact
on Gl-related events or on pharmacokinetic parameters or
efficacy of DMF.*° In addition to aspirin, taking the
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medication with food and antihistamines are further
recommendations given by experts.®® In addition, patients
who were treated with the NYU initiation protocol had
lower discontinuation rates due to flushing compared to

those on Biogen protocol (0.5% vs 3.2%).°’

Lymphopenia and liver toxicity
The Biogen prescription label recommends obtaining a
complete blood count, including ALCs prior to initiating
DMF and follow up tests every 6 to 12 months. In patients
with ALCs less than 0.5x10°/L and persisting for >6
months, interruption of treatment is recommended to pre-
vent the risk of PML.*! A retrospective study of patients
who developed lymphopenia on standard maintenance
dose and were subsequently switched to partial dose, ie,
240 mg once daily or less, a reduction in degree of lym-
phopenia was seen following dose reduction without any
decrease in efficacy, suggesting partial dose therapy as an
effective approach in such patients.”®

Due to increasing reports of liver injury cases in clinical
practice, the Biogen prescription label recommends measuring
serum aminotransferase, alkaline phosphatase (ALP) and total
bilirubin levels prior to initiating DMF treatment and also
while on treatment, as clinically indicated. In the event of
severe liver injury, discontinuation of treatment is advised.”'

Conclusion

In the past few years, there has been a considerable increase in
number of approved DMTs for relapsing forms of MS, and it
seems that in the coming years this list will likely grow further.
With increasing choices available to the patients and physi-
cians, individually suited selection of medication based on
patient tolerability and adherence becomes more important.
There is good evidence to support efficacy of DMF from two
phase 3 clinical trials (DEFINE* and CONFIRM>*) and
interim analysis of extension study’' (ENDORSE). DMF
has also been shown to promote clinical and radiological
NEDA in patients with RRMS. Furthermore, being an oral
agent with relatively favorable risk versus benefit profile DMF
seems to be favored by many as a first-line agent. However, its
AE:s especially GI dysfunction and flushing have been shown
to limit patient adherence. Utilization of various useful real-
world strategies, including patient education, pretreatment
with aspirin, slow titration, administration of DMF with
food, temporary dose reduction (if needed) and use of sympto-
matic therapies may serve useful in promoting patient adher-
ence and compliance. Given the relatively recent introduction
of DMF in the real world, further post-marketing surveillance

is required to conclude patient’s adherence and tolerability.
Furthermore, health care provider will have an important role
in continued surveillance and reporting of adverse events
associated with DMF.
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